S FOR STABI LI ZI NG Bl TUVEN- POLYMER BLENDS" - _The present .
I nvention relates to a process for stabilizing bjt - r 9blends.
it is known that in order to inprove the quality b@ﬁeﬁﬁﬁlmgb iz _
particular from the rehol ogical 5 viewpoint, several types of
I . eul _
:copo ynmers, in parti cu. ar 1 | 13 MAR 2000

ANTIPARALLEL (AP) PINNED
READ HEAD WITH IMPROVED GMR

BACKGROUND OF THE
INVENTION '

1. Field of the Invention

The present invention relates to an an’tiparallel (AP) pinned read head
with improved giantmagnetoresistance (GMR) and magnetic stability and more
particularily to a read sensor having an AP pinned structure that promotes
improved GMR and is magnetically stable when subjected to magnetic
switching fields parallel to an air bearing surface (ABS) of the reaq head.

2. Descriptioh of the Related Art

The heart of a computer is an assembly thatis referred to as a magnetic
disk drive. The magnetic disk drive includes a rotating magnetic disk, write and
[ead heads that are suspended by a suspension arm above the rotatihg disk
and an actuator that swings the suspension arm to place the read and write
heads over selected circular tracks on the rotating disk. The read and write
heads are directly mounted on a slider that has an air bearing surface (ABS).
The suspension arm biases the slider'into contact with the surface of the disk
when the disk is not rotating but, when the disk rotates, air is swirled by the
rotating disk adjacent the ABS of the slider causing the slider to ride on an air
bearing a slight distance from the surface of the rotating disk. When the slider
rides on the air bearing the write and read heads are employed for writing
magnetic impressions to and reading magnetic impressions from the rotating

disk. The read and write heads are connected to processing circuitry that



of el astomeric type, are often used. So, e.g

US- A- 4, 217, 259 t eaches usi ng symmetrical radial copolyners
constituted by dienic and vinyl aromatic bl ocks; US-A-4,585,816
teaches using 10 block copolyners of- a nonoal kenyl aromatic nononer and
a conjugated diolefin; US A-3,915,914 teaches using 1- but ene
‘honopol yners and copol yners; US-A-3, 615, 830 cl ai ns I 'sool efin
copol yners, in parti cul ar pol yi sobut ene. 15 The nmost
effective polinmeric additives seemto be the styrene-diolefin block
copolyners, . in particular .

operates according to a computer program to implement the writing and
reading functions. | |
The write head includes a coil layer embedded in first, second and third

insulation Iéyers (insulation stack), the insulation stack being séndwiched
between first and second pole piece layers. A gap is formed between the first
and second pole piece léyers by a nonmagnetié 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 or the lack thereof 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 spaéer 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 to be less than the mean



styrene/ but adi ene and . styrene/isoprene bl ock copol yners.
The so nodified bitunens can be destined to uses 20 for which the
performance of normal bitunens proves to be insufficient. Thus,
applications in the field of drai'ni ng and sound- absor bent

congl onerates, in the field of water-proofing systens, and so forth,
may be cited. 25 However, tha8 polyners used in order to nodify
t he properties of bitunens generally display the drawback of
bei ng poorly conpatible with bitunmens. This |ack of

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 magnetizations of the
pinned and free layers are parallel with respect to one another, séattering is
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 proportion to cos 8, where 6 is the angle between
the maéneﬂzations of the pinned and free layers. 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 a sense current isl conducted
through the spin valve sensor resistance changes cause potential changes that
are detected and processed as playback signals by the proceésing circuifry.
The spin valve sensor is characterized by a magnetoresistive (MR)
coefficient, also known as giant magnetoresistive (GMR), that is substantially
higher than the MR coefficient of an anisotropic magnetoresistive (AMR)
sensor. MR coefficient is dr/R were dr is the change in resistance of the spin
valve sensor and R is the resistance of the spin valve sensor before the
change. A spin valve sensor is sometimes referred to as a giant
magnetoresistive (GMR) sensor. When a spin valve sensor emplo-ys a single
pinned layer it is referred to as a simple spin valve.
Another type of spin valve sensor is an antiparallel (AP) spin valve

sensor. The AP pinned spin valve sensor differs from the simple spin valve



'Conpaiibility manifests itself as a trend of both corrponents'

undergo phase separation under restin

-2-

conditions; in that way, a Polyner-rich top Layer and
" bitunen-rich bottom | ayer-are forned.

particul arly serious

4

sensor in that the AP pinned spin valve sensor has an AP pinned structure that
has first and second

AP pinned layers instead of a single pinned layer. An AP coupling layer is
sandwiched between the first and second AP pinned layers. The first AP
piﬁned layer has its magnetic moment oriented in a first direction by exchange
coupling to the antiferromagnetid pinning layer. The second AP pinned layer
is immediately adjacent to the free layer and is antiparallel exchange coupled
to the first AP pinned layer because of the minimal thickness (in the order of 8
A) of the AP coupling layer between the first and second AP pinned layers.
Accordingly, the magnetic moment of the second AP pinned layer is oriented
inasecond direction thatis antiparallel to the direction of the magnetic moment

of the first AP pinned layer.

a

The AP pinned structure is preferred over the single pinned layer |

because the magnetic moments of the first and second AP pinned layers of the
AP pinned structure subtractively combine to provide a net magnetic moment
thatis 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 AP
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 ﬂrs_t AP pinned layer

and the pinning layer. The AP pinned spin valve sensor is described in

to

The above said drawback is



when the production locality does not coincide, as it 5 often happens,

with the application locality, or when bet ween the preparation tine

and the application tine, a time period el apses.

Therefore, the storage-stability, in particular when hot, of

bi t unen- pol ymer blends results to be vegy 10 | mpor t ant for t he
‘purposes of a correct and advant ageous use thereof.

In order to solve this problem BE-858,770; BE- 858, 771 and BE-870, 287 .

di scl ose reactions of bitunen

commonly assigned U.S. Patent No. 5,465,185 to Heim and Parkin which is
incorporated by reference herein. |

Tﬁe first and second AP 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 AP. pinned
layers of the AP pinneéd structure are formed they may be sputter deposited in
the presence of a magnetic field thaf is oriented perpendicular to the ABS.
This sets the easy axis (e.a.) of the pinned layers perpendicular 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 fayer to switch from a
desirable first direction perpendicular to the ABS to an undesirable second
direction antiparallel to the first 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 layer the exchange coupling will not return the
magnetic moment of the first pinned layer to its original direction. This ruins the
read head. The same problem can occur during operation of the magnetic
head when a parallel magnetic field stronger than the coercivity of the first
pinned layer of the AP pinned structure is exerted on the read head.

Still further, cobalt (Co) has a high negative magnetostriction. The

~ hegative sign determines the direction of any stress induced anisotropy. When



wi th pol yol efins containing one or nore double ponds. 15 The polyolefin
is anchored to bitumen by neans of sul fur, which acts as a 7
crosslinking agent. " EP- A-O 496 457 di scl oses a process
whi ch consists in causing the bitunmen-polyner blend to react

Wi th an unsaturated dicarboxy acid, or 6di carboxy acid 20 anhydrides, in
particular with mal eic anhydride. This process displays the '

drawback deriving from the toxicity of naleic anhydri de.
A  process which overconmes the above said

a magnetic head is lapped, which is a grinding process to form the ABS,
nonuniform compressive stresses occur in the layers of the sensor. Because
.of the magnétostriction and the compreésive stress, the cobalt (Co) AP pinned
layers of the AP pinned structure acquire a stress induced anisotropy that is

' parallél to the ABS. Thisis the wroﬁg direction. The stress induced anisotropy
may rotate the magnetic momenf of the firstand sécond pinned layers to some
extent from perpendicular to the ABS in spite of the exchange coupling field
tending to maintain the perpendicular position. This condition causes significant
read signal asymmetry. Also, the low resistance of the cobalt (Co) pinned
layers causes a portion of the sense current to be shunted p;‘ast the frée and
spacer layers. This causes a loss of read signal.

Efforts continue to increase the spin valve effect of GMR heads. An
increase in the spin valve effect equates to higher bit density (bits/square inch
of the rotating magnetic disk) read by the read héad. Accordingly, a search
still continues to lower the coercivity, substantially eliminate magnetostriction
and increase the resistance of some of the critical layers of the spin valve

sensor, such as the pinned layers of an AP pinned structure.

SUMMARY OF THE INVENTION
I first investigated replacing first and second cobalt (Co) AP pinnéd

layers of the AP pinned structure with first and second cobalt iron (CogFe,o)



dfawbaéks has been found now. 25 In accordance therewith, the

present invention relates to a process for stabilizing bl ends of
bi t unen and thernoplastic polyner, characterized in that the
above said blends are caused to react in an inert environnment at a

temperature conprised within the 30 rapge of from 210 to 240[err]C,
preferably of from 220 to

pinned layers. The cobalt (CogFe,,) pinned layers have lower coercivity, near
zero magnetostriction and a higher resistance. The near zero magnetostriction
means that the induced stress of the cobalt (Coy.Fe,,) layers after lappir_ig the
magnetic head will not cause a stress induced anisotropy field. This is because -
any stress induced anisotropy field is a product of magnetostriction and the
induced stress. The higher resistance of the cobalt (CoyFe,,) pinned layers
minimizes shunting of the sense current thereby incréasing the read signal.

The coercivity of a cobalt iron (CoFe) first AP pinned layer of the AP
pinned structure was still higher than the exchange coupling field between the
first AP pinned layer and a nickel oxide (NiO) pinning layer. This is because
the nickel oxide (NiO) pinning layer increases the coercivity of the first pinned

“layer. The coercivity_ H. of the first AP pinned layer was 500 oersteds (Oe)
while the exchange coupling field between the nickel oxide (NiO) and the first
AP pinned layer was only 450 Oe. Consequently, the exchange coupling field
was not strong enough to overcome the coercivity and return the magnetic
moment of the first AP pinned layer to its original direction after being switched
to a direction antiparallel to the original direction.

By placing a nickel iron (NiFe) interlayer between the pinning layer and
the first AP pinned layer of cobalt iron (CoFe) the coercivity of the first AP
pinned layer was significantly reduced from 500 Oe to 350 Oe. The exchange
coupling field was also reduced from 450 Oe to 400 Oe. However, the
coercivity of 350 Oe of the first AP pinned layer was less than the exchange
coupling field of 400 Oe thereby permitting the pinning layer to return the

magnetic moment of the first AP pinned layer to its original position when it is



3 230[err]C, .and during a time of from1l to 4 hours,

preferably of from 100 to 200 nminutes, with a vinyl . aromatic conpound,
with bitunmen being selected from those having such contents of
resins, asphaltenes, 5 aronmatics and saturated species, as to conply
with the condi tion Z>5, - with "Z" Dbeing defined by t he

‘expr essi on: Z = K[grr]a/b + Klerr]C - Klerr]d

switched to the antiparallel direction by a magnetic field. Consequently the
coercivity of the cobaltiron (CoFe) second AP pinned layer is not affected by
the nickél oxide (NiO) pinning layer and will be oriented by AP exchange
coupling with the first AP pinned layer in a direction antiparallel to the direction
of the magnetic moment of the first AP pinned layer. The present spin valve

sensor also had an improved GMR.

An object of the present invention is to provide an.antiparallel (AP)
-pinned read head that has improved GMR and is magnetically stable when
subjected to magnetic fields oriented parallel to the ABS.
Another objectis tq provide an AP pinned read head wherein a first AP
pinned layer of an AP pinned structure, which is exchange éoupled to an
‘ antiferrbmagnetic (AFM) nickel (NiO) pinning layer, has coefcivity thatis Ies§
than the exchange coupling field between the first AP pinned layer and the
pinning layer.
Other objects and advantages of the invention will become apparent
upon reading the following description taken together with the accompanying

drawings.

BRIEF DESCRIPTION OF THE
DRAWINGS
Fig. 1 is a plan view of an exemplary magnetic disk drive;

Fig. 2 is an end view of a slider with a magnetic head of the disk drive



wherein "a" represents the percent content, by weight, 10 of resins

fraction, "b" +the percent content, . by wei ght, of asphaltenic
fraction, "c" the percent content, by weight, of aromatic fraction,
"d" the . percent content, by weight, of saturated fraction; Kerr] .
= 0.961; Klerr] = 0.087; Klerr] = 0.055. 15 The val ues "a", "b", "c"
and "d" are determ ned by first trefting bitumen with n-pentane in
order to separate the asphaltenic fraction. The sol ubl e

fraction in n-pentane, constituted by malthenes, is

as seen in plane 2-2;

Fig. 3 is an elevation view of the magnetic disk drive wherein multiple
disks anid magnetic heads are emplqyed;

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 slider and a merged magnetic head as
seen in plane 7-7 of Fig. 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 anisometric ABS illustration of a read head which employs an

AP pinned spin valve (SV) sensor;
| Fig. 12is an ABS illustration of the present AP pinned spin valve sensor;

and

Fig. 13 is the same as Fig. 12 except cobalt (Co) is employed for the



aﬁal yzed by neans of ASTM net hod D2007. According to 20 this nethod,

after recovering the asphaltenic fraction - by addi ng n-pentane to

bi tumen and separating the not di ssol ved portion, the sol uble portion
(mal t henes) is per col at ed t hr ough t wo nmut ual |'y superi nposed
cylindrical columms, wherein the upper colum contains 25 decolorizing
earth and the lower colum contains a l.ayer of decolorizing earth
and a silica |layer.. The saturated fraction is obtained by

col | ecting the etuate after percol ating n-pentane through both

first and second pinned layers of the AP pinned structure instead of cobaltiron

(CoFe) for comparison purposes.

DESCRIPTION OF THE
PREFERRED EMBODIMENTS
Magnetic Disk Drive
Referring now to the drawings wherein like reference numerals -
designate like or similar parts throughout the several views, Figs. 1-3 iIIustraté
a magnetic disk drive 30. The drive 30 includes a spindle 32 that supports and
rotates a magnetic disk 34. The spindle 32 is rotated by a motor 36 that is
: c;ontrolled by a motor controller 38. A combined read and write magnetic head
40 is mounted on a slider 42 thatis éupported by a suspension 44 and actuator
arm 46. A plurality of disks, sliders and suspensions may be employed in a
large capacity direct access storage device (DASD) as shown in Fig. 3. The
suspension 44 and actuator arm 46 position the slider 42 so that the magnetic
head 40 is in a transducing relationship with a surface of the magnetic disk 34.
When the disk 34 is rotqted by the motor 36 the slider is supported on a thin
(typically, .05 pm) cushion of air (air bearing) between the surface of the disk
34 and the air bearing surface (ABS) 48. The magnetic head 40 may then be
employed for writing information to multiple circular tracks on the surface of the
disk 34, as well as for reading information therefrom. Processing circuitry 50

exchanges signals, representing such information, with the head 40, provides



v

said col ums. 30 The resins fraction is obtained by collecting the

4 eluate after percol ating a mxture of 1: 1
tol uene : acetone through the upper colum cont ai ni ng decol ori zi ng
earth. .

11

motor drive signals for rotating the magnetic disk 34, and provides control
signals for moving the slider to various tracks. In Fig. 4 the slider 42 is shown
mounted to a suspension 44. The components described hereinabove may be

mounted on a frame 54 of a housing, as shown in Fig. 3.

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

Fig. 6 is a side cross-sectional elevation view of a piggyback magnetic
head 40, which includes a write head portion 70 and a read head portion 72,
the read head portion employing an AP pinned 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.l Inresponse to external
magnetic fields, the resistance of the spin valve sensor 74 changes. A sense
current I 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 coil layer



Af t er separating the- above fractions, the .5 aromatics fraction

I s obtained by neans of the sane procedure as reported above, hy

per col ati ng through bot h superi nposed colums a mxture of 1 :
1 tol uene : ethyl alcohol. A bi tumen- which neets the above
cited conditions, 10 i.e., as a value of Z>5, is stabilized with an
‘anmount of vinyl aromatic conpound d8nprised within the range - of
fromO0.1 to 0.4 nol, preferably of fromO0.15 to-0.3 nol, per 100 g of
bi t unen.

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. Tﬁe ﬁrst,
second and thir& insulation layers are referred to in the art as an "insulation
stack". The coil layer 84 and the first, secénd 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 aré
separated by a write gap layer 102 at the ABS. An insulation layer 103 is
located between the second shield layer 82 and the first pole piece layer 92.
Since the second shield layer 82 and the first pole piece layer 92 are separate
layers this head is known as a piggyback head. As shown in Figs. 2 and 4, first
and second solder connections 104 and 106 connect leads from the spin valve
sensor 74 to leads 112 and 114 on the suspension 44, and third and fourth
solder connections 116 and 118 connect leads 120 and 122 from the coil 84
(see Fig. 8) to leads 124 and 126 on the suspension.

Figs. 7 and 9 are the same as Figs. 6 and 8 except the second sh-ield
layer 82 and the first pole piece layer 92 are a common layer. This type of
head is known as a merged magnetic head. The insulation layer 103 of the
piggyback head in Figs. 6 and 8 is omitted.

'Fig. 11 is an isometric ABS illustration of the read head 72 shown in
Figs. 6 or 8. The read head 72 includes the present spin valve sensor 130
which is located on an antiferromagnetic (AFM) pinning layer 132. The spin

valve sensor 130 has an AP pinned structure, to be described hereinafter, that



By "vinyl aromatic conpound" those conpounds are 15 wunderstood which
contain a double bond of ‘olefinic type in the al pha-position to an
aromati c ring. Styrene, al pha-nethyl styrene, divinyl benzene, vinyl
napht hal ene, and their al kyl derivatives belong to this category of
conpounds. 20 In the preferred epbodi nent, -the vinyl aromatic
‘compound is selected fromstyrene and all ha- et hyl . Styrene.

The pol yners which can be used in mxture with

has its magnetic mom'ents pinned by the magnetic spins of the pinning layer
132. The AFM pinning layer is preferably 425 A of nickel oxide (NiO). Firstand
second hard bias and lead layers 134 and 136 are é'ohnected_ to first and
second side edges 138 and 140 of the spin valve sensor. This connection is
known in the art as a contiguous junction and is fully described in commonly
assigned U. S. Patent 5,018,037 which is incorporated by reference herein.
The first hard bias and lead layers 134 include a first hard bias layer 140 and
a first lead Iéyer 142 and the second hard bias and léad layers 136 include a
second hard bias layer 144 and a second lead layer 146. The hard bias layers
140 and 144 cause magnetic fields to extend longitudinally through the spin
valve sensor 130 for stabilizing the magnetic domains therein. The AFM
pinning layer 132, the spin valve sensor 130 and the first and second hard bias
and lead layers 134 and 136 are located between nonmagnetic electrically
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. _ |
The Present Invention

The present AP pinned structure 200 is illustrated in Fig. 12 which is a
cross sectional view of the various layers of the AP pinned read sensor 130 as
seen at the air bearing surface (ABS). The AP pinned sensor 200 includes a
nonmagnetic electrically conductive spacer layer (S) 202 which is located
between an antiparallel (AP) pinned structure 204 and a ferromagnetic free
layer (F) 206. The AP pinned étructure 204 includes an AP coupling layer 208

which is located between first and second AP pinned layers 210 and 212. In



bi t unen are copol yners  of el ast omeric time. 25 Particularly

useful are block copolyners containing vi nyl benzenes and
conjugated dienes, wth radial structure. This cat egory of
pol ymer s can be represented with the general fornmula X(B-A)[err],
wher ein A represents a block obtained from nononers- of 30

vinylafomatic type, B is a block obtai A8d fromdienic

the present invention the first and second AP pinned layers 210 and 212 are
cobalt iron (CoFe) in lieu of cobalt (Co). The cobaltiron (CoFe) of the firstand
second AP pinned layers 210 ana 212 may be deposited in the presence of a .
field that is perpendicular to the ABS so that the easy axes of the first and
second AP pinned layers 210 and 212 are oriented perpendicular to the ABS.

The magnetic moment of the first AP pinned layer 210 is pinned
perpendicular to the ABS by an antiferromagnetic (AFM) pinning layer 214.
The invention employs nickel oxide (NiO) for the pinning layer 214. Located
between the pinning layer 214 and the first AP pinned layer 210 of the AP
pinned structdre 204 is an interlayer 216 of nickel iron (NiFe) which will be
described in more detail hereinafter.

The. magnetic spins of the pinning layer 214 are oriented perpendicular
to the ABS which, by exchange coupling with the interlayer 216, causes a
magnetic moment of the interlayer 216 to be oriented perpendicular to the
ABS, such as away from the ABS as shown by the circle with an x in it (&).
Because of exchange coupling between the interlayer 216 and the first AP
pinned layer 210, the magnetic moment of the first AP pinned layer 210 is also
oriented perpendicular to and away from the ABS as shown by &. By
antiparallel exchange coupling between the first and second AP pinned layers
210 and 212 the magnetic moment of the second AP pinned layer 212 is
oriented antiparallel to the magnetic moment of the first AP pinned layer 210,
namely perpendicular to and toward the ABS as shown by the circle with a dot

in it (O). It should be understood that the magnetic spins of the pinning layer



ratio

and the magnetic orientations of the magnetic moments of the interlayer 216
and the first and second AP pinned layers 210 and 212 may be reversed if
desired. As shown by the arrow the magnetic moment of the free layer 206 is
oriented parallel to the ABS, which direction may be either to the right or the
left. It should be understood that the relative orientation between the magnetic
moments of the second AP pinned layer 212 and the free layer 206 determines
the change in resistance of the spin valve sensor 200 in response to applied
signals from the rotating magnetic disk. For instance in the above example,
when the magnetic moment of the free layer 206 rotates up and down from the
parallel position to the ABS the magnetoresistance of the spin valve sensor
decreases and increases respectively in response to positive and negative

signals respectively from the rotating _magnetic disk.

The nickeliron (NiFe) interlayer 216 reduces the coercivity H, of the first
AP pinned layer 210. When the first AP pinned layer 210 of cobalt iron (CoFe)

directly interfaces the nickel oxide (NiO) pinning layer 214 its coercivity is 500

Oe while the exchange coupling between these two layers is only 450 Oe.

Accordingly, if the magnetic moment of the first AP pinned layer 216 is
switched from a direction perpendicular to and away from the ABS to an
antiparallel position perpendicular to and foward the ABS the exchange
coupling field of 450 Oe will not be great enough to overcome the coercivity H,
of 500 Oe of the first AP pinned layer 216 to return it to its original position
perpendicular to and away from the ABS. The result is a destruction of the

read head. However, when the interlayer 216 of nickel iron is employed

a

5 mononers, X is a radical deriving froma coupling agent and
mis a nuneral depending on the used coupling agent, and is normally
conprised within the range of from3 to 5 or nore. * 5
Particularly wuseful for obtaining stable blend are radial
copol yners containing polystyrene and pol ybut adi ene bl ocks
(the so-said " SBS" bl ock copdByners), usual l'y wth

of :



sfyrené: but adi ene conprised within the range of from 10 20: 80 to 40: 60

and a nol ecul ar wei ght of from 200, 000 to 400, 000 The

bi tunmen pol yner bl ends obtai ned by neans of t he process according to
the present invention result to be stable under conditions of

hi gh-tenperature 15 storage. Under these conditions, the formation
of separ at ed | ayers or heterogeheous zones S not

observed even after |ong storage tinme periods. ~.The above said

stabilized bl ends di splay good

between the nickel oxide (NiO) pinning layer 214 and the first AP pinned layer
210 df_ cobalt iron (CoFe) the first AP pinned layer 210 has a reduced coercivity
H; 0f 350 Oe while the exchange coupling ﬁéld therebetween has been slightly
decreased to 400 Oe. The exchange coupling field of 400 Oe is largerthanthe
| coercivity field of 350 Oe which causes the pinning layer 214 to return the
magnetic moment of the first AP pi-nned layer 210 to its original position as
shown by ® after the magnetic moment of the first AP pinned layer 210 has

been switched to an antiparallel direction.

In a preferred embodiment a GMR enhancement layer 220 of cobalt
iron (CoFe) is located between and interfaces the spacer layer 202 and the
free layer 206. lthasbeen found that the GMR enhancement layer 220, which
is sometimes referred to as a nanolayer, improves the dr/R ratio of the read
head. The GMR enhancement layer is optional. A capping Iayer- 222 of
tantalu‘m (Ta) is typically employed on top of the free layer 206 for its
protection. Preferred thicknesses of the layers are the pinning layer 214 is 425
A of nickel oxide (NiO), the interlayer 216 is from 4 A to 30 A and preferably 10
A of nickel iron (Nig,Fe,), the first AP pinned layer 210 is from 10 A to 50 A
and preferably. 24 A of cobaltiron (CoFe), the AP coupling layer 208 is 8 A of
ruthenium (Ru), the second AP pinned layer is from 10 A to 50 A and
preferably 24 A of cobalt iron (CogFe), fhe spacer layer 202 is 23 A of copper
(Cu), the GMR enhancement layer 220 is from 3 A to 30 A and preferably 10
A of cobalt iron (CogFey,), the free layer 206 is 70 A of nickel iron (Nig,Fe)

and the capping layer 222 is 50 A of tantalum (Ta). The cobalt iron is



characteristics of flexibility and elasticity, and can 20 be

advant ageousl y used as binders for hi gh- ' per f ormance
road conglonerate and wat er - pr oof i ng menbr anes, The

st abl e bi tunen-pol yner bl ends according to the present invention are
prepared in a sinple way by 25 blending, at a tenperature conprised

M thin the range of from210 to 24W err]C, preferably of from 220 to
230[ err] C, t he suitable anmobunts of bitunen, of the polynmer and of
the wunsaturated agent, under an inert blanketing at nosphere,

preferably under nitrogen. The necessary 30 time for the interaction to
take place i sp@faiabf CoyFe,,. ’

Comparison with Cobalt {Co)
Pinned Layers |

E The spin valve sensor 300 in Fig. 13 is the same as the spin valve
sensor in 200 in Fig. 12 except the AP pinned structure 304 employs first and
second AP pinned layers 310 and 312 that are made of cobalt (Co) in lieu of
cobalt iron (CoFe). The remainder of the layers are of the same materials with
the same thicknesses as that shown in Fig. 12. Each of the spin valve sensors
200 and 300 were tested first and second times, the first time being after
deposition of the spin valve layers followed by a resetting of the nickel oxide
pinning layer 214 and a second time after subjecting the spin valve sensor to
250 ~C for a duration of 6 hours followed by another reset of the magnetic
spins of the nickel oxide pinning layer 214. The resetting of the pinning layer
214, hereinafter referred to as nickel oxide (NiO) reset, subjects the spin valve
sensor at the wafer level to 230 C in a field of approximately 12,000 Oe
perpendicular to the ABS for 5 minutes. This sets the magnetic spins of the
nickel oxide (NiO) pinning layer 214 perpendicular to the ABS. The annealing
of the read head at 250 ~C for 6 hours simulates the baking of the photoresist

layers of the insulation stack of the write head.
The following data regarding the spin valve sensors 200 and 300 in Figs.
12 and 13 was without the optional nanolayer 220. After deposition of the spin
valve sensor 300 shown in Fig. 13 and the nickel o_xide reset, the dr/R of the
read head 300 without the nanolayer 220 was 4.15%. After the read head was

subjected to the annealing of 250 ~C for 6 hours and another nickel oxide reset



conprised within the range of from1 to 4 hours, preferablLy of from
100 to 200 m nut es. According to the preferred enbodi nent of the
present invention, during a first step bitumen and 5 polynmer are blended
at the desired tenperature (for a

18

the dr/R dropped to 3.55%. This resulted in a 10% amplitude loss of read
signal. After deposition of the spin valve sensor 200, shown in Fig. 12, and
nickel oxide reset the dr/R without the nanolayer 220 was 4.6%, which is a 6%
improvement over the spin valve sensor 300. Afterhsubjecting the spin valve
sensor 200 to 250 ~C for 6 hours and another nickel oxide reset, the di/R was
4.01% which is still a 10% improvement over the dr/R of the spin valve sensor
in 300 after its 250 ~C annealing and nickel oxide reset. Accordingly,- the spin
valve sensor 200 in Fig. 12. demonstrated significant dr/R improvement over
the dr/R of the spin valve sensor 300 in Fig. 13 when cobalt iron (CoFe) is
employed for the first and second AP pinned layers 210 and 212 in lieu of
cobalt (Co) for the first and second AP pinned layers 310 and 312 in Fig. 13.

Clearly, other embodiments and modifications of this invention will occur
readily to those of ordinary skill in the artin 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.

I claim:



time period of from20 to 80 mnutes) and then, still at the sanme

t enperature, the vinylaromatic conpound is added, preferably under ‘an
inert atnosphere. The resulting blend is kept with stirring, caring of
10 recondensing the vapours, until the desired reaction ~ tineis
reached. Sonetinmes, the lighter fractions present in the

‘m xture may optionally be renoved by appBying a slight depressi on at
treatment end, or by neans of a flowing 15 streamof inert gas.

The process according to the present invention

CLAIMS
- ' 1. A magnetic read head comprising:

a spin valve sensor, the Spin valve sénsor including:

a ferromagnetic free layer;

a multi-layered antiparallel (AP) pinned structure;

a nonrhagnetic electrically conductive spacer layer Iocated
between the free layer and the AP pinned structure;

an antiferromagnetic pinning layer; and

the AP pinned structure being located between the pinning layer
and the spacer layer; and

- the AP pinned structure including:

first and second ferromagnetic AP pinned layers with the first AP
pinned layer being pinned by exchange coupling with the pinning layer
in a first direction; and

an antiparallel (AP) coupling layer located between the first and
second AP pinned layers so that the second AP pinned layer is pinned
by the first AP pinned layer in a second direction antiparallel to said first
direction;
each of the first and second AP pinned layers being cobalt iron

(CoFe);

an exchange coupling interlayer located between and interfacially

engaging the pinning layer and the first AP pihned layer; and

RN r -




did not evidence any linits as regards the polyner- content in the

stabilized bitum nous bl end. However, it is preferable, also owing to
sel f-explanatory 20 reasons of cheapness, that the polynmer is present
in an anpount conprised within the range of from1l to 15% by’

wei ght based on bitunen. According to a nore preferred enbodi nent
-of the process according to the pre®8nt invention, bitunmen is 25

adm xed with polyner anmounts corresponding to |evels of from5 to
20% of polymer, the stabilization of the ~ blend is carried out and then

the so stabilized bl end
said exchange coupling interlayer being nickel iron (NiFe).

2. A magnetic read head as claimed in claim 1 wherein the spin
valve sensor further includes: |

a giant magnetoresistive (GMR) enhancement layer located between
the second AP pinned layer and the free layer- and interfacially engages the
free layer; and

the GMR enhancement layer being cobalt iron (CoFe).
3. A magnetic read head as claimed in claim 2 wherein the GMR
enhancement layer has thickness of substantially 10A.

4, A magnetic read head as claimed in claim 1 wherein the pinning

layer is nickel oxide (NiO).

5. A magnetic read head as claimed in claim 4 wherein the pinning

layer has a thickness of substantially 425A.

6. A magnetic read head as claimed in claim 4 wherein each of the

first and second AP pinned layers has a thickness of substantially 24A.

—
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is diluted with fresh bitumen in order to obtain a bl end in which the
end content of polyner is conprised 30 within the range of from1l to 15%

by weight. In that 7. way,
by adding fresh bitunen to the stablllzed bl end, a stable

pol ymer - bi t unen conp05|t|on can be obtai ned S

. _ 21

7. A magnetic read head as claimed in claim 6 wherein the pinning

layer has a thickness of substantially 425A.

8. A magnetic read head as claimed in claim 7 wherein the spin
valve sensor further includes:
a giant magnetoresistive (GMR) enhancement layer located between
- the spacer layer and the free layer and interfacially engaging the free layer;
and .

- the GMR enhancement layer being cobalt iron (CoFe).

S. A magnetic read head as claimed in claim 8 wherein the GMR

enhancement layer has a thickness in a range of 3A to 30A.

10. A magnetic read head as claimed in claim 9 wherein the AP

coupling layer is ruthenium (Ru) with a thickness. of substantially 8A.

11. A magnetic head assembly having a read head and a write head
comprising:

the write head including: —_—

g



with the desired fluidity characteristics. .. - Both bitunens, i.e.
the initially used bitunen 5 and bitunen used for said dilution, nust

anyway conply with the constraint of "Z" being higher than 5.

The foll ow ng exanples are reported in order to better illustrate the
present invention. EXAMPLES 10 - In the followng experinental
tests, two di fferent bi tumens 22 havi ng t he foll ow ng

characteristics were used:

first and second pole piece Iayers‘;

each of the first and second pole piece layers having a yoke
portion located between a pole tip portion and a back gap pbrtion;

a nonmagnetid write gap layer located between the pole tip
portions of the first and second pole piece Iayers;'

aninsulation stack with at least one coil layer embedded therein
located between the yoke portions of the ﬁrsf and second. pole piece
layers; and

the first and second pole piece layers béing connected at their
back gaps portions; and
the read head .including:

nonmagnetic electrically insulative first and second read gap

layers;

a spin valve sensor;

first and second.electrically conductive hard bias and lead layers
connected to the 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; and |

the first and second read gap layers being located between the

_ first shield layer and the first pole piece Iayér;

LT

the spin valve sensor including:



Bi t umen Bi t unen o1 2 15 Penetration, at 25[err]C

(dmm 193 98 Softening point ([err]QC

37.5 44.5 Penetration index -1.35 -1.01
Fraass break point ([err]C - -17 - -12 Viscosity at
60[err] C (Pa.s) 50 16 20 The above said bitunens
:di spl ayed the follow ng conposition, wherein the indicated

| evel s are expressed as percent contents, by weight: Bitunmen 1
Bi tunen 2 ‘ '

a ferromagnetic free layer;
a multi-layered antiparallel (AP) pinned structure;
a nonmagnetic electrically conductive spacer layer located
between the free layer and the AP pinned structure;
an antiferromagnetic pinning layer; and
the AP pinned structure being located between the pinning layer
and the spacer Iéyer;
the AP pinned structure including:
first and second ferromagnetic AP pinned layers with the first
pinned layer being pinned by exchange coupling with the pinning layer
in a first direction;
an antiparallel (AP) coupling layer located between the first and
second AP pinned layers so that the second AP pinned layer is pinned
in a second direcﬁon antiparallel to said first direction; and
each of the first and second AP pinned layers being cobaltiron (CoFe);
and
an exchange coupling interlayer located between and interfacially
engaging the pinning layer and the first AP pinned layer; and

said exchange coupling interlayer being nickel iron (NiFe).

12. A magnetic head assembly as claimed in claim 11 wherein the

—
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pinning Iayef is nickel oxide (NiO).
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c5 Asp‘hal tenes % 13. 3 16.0 25 Resins %

69.0 63.0 Aromati cs % 10.0 12.1
Saturated species % 7.7 8.9 From t he
-above val ues of percent levels, the "Z" value results to be of 5.43 for

Bitume 1, and be of 30 4.35 for B_itugz:n 2, which.cannot be used for
t he- '

13. A magnetic head assembly as claimed in claim 12 wherein the

pinning Iayef has a thickness of substantially 425A.

14. A magnetic head assembly as claimed in claim 12 wherein each
of the first and second AP pinned layers has a thickness of substantially 24A

and the interlayer has a thickness of 10A.

15. A magnetic head assembly as claimed in claim 14 wherein the

pinning layer has a thickness of substantially 425A.

16. A magnetic head assembly as claimed in claim 15 wherein the
spin valve sensor further includes:

a giant magnetoresistive (GMR) enhancement layer located between
the spacer layer and the free layer and interfacially engaging the free layer;
and

the GMR enhancement layer being cobalt iron (CoFe).

17. A magnetic head assembly as claimed in claim 16 wherein the
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process according to the present invention. The storage stability

- of bitunen-pol yner bl ends Is evaluated by neasuring, at tine
intervals, the di fference between the softening point of the upper
"5 Layer and the softening point of the lower |ayer of the m xture
submtted to storage inside a cylindric : container at 170[err]C
.20.3 g of SBS polyner is added, under~an inert :

GMR enhancement layer has a thickness in a range of 3A to 30A.

18. A magnetic head assembly as claimed in claim 17 wherein the

AP coupling layer is ruthenium (Ru) with a thickness of substantially 8A.

19. A magnetic disk drive that includes at least one slider that has an
air bearing surface (ABSi, ihe slider supporting at least one magnetié head
assembly that fncludes a read head and a write head, the disk drive
comprising:

the write head including:

first and second pole piece Iay_ers;

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 gaps portions; and

the read head including: |

nonmagnetic electrically insulative first and second read gap

—_—
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10 atnosphere, to 220.8 g of Bitumen 1, heated at 2250C, - . and the
resulting blend is kept stirred for 30 m nutes. Then, 4.3 g of styrene
is added with the bl end being kept with stirring for 90 m nutes, still
at 2250C. 15 The added styrene anount corresponds to 0.204 nol

per each 100 g of SBS, i.e., to about 1.75% of the - reacting mass. The
.product displays the follow ng ch&Pacteristics: * Penetration at
25[err] C. 107 dmm :

layers;

a spin valve sensor;

first and second hard bias and lead layers connected to the spin
valve sensor;

the spin valve sensor and the firstand secbnd 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:

a ferromagnetic free layer;

a multi-layered ahtiparallel (AP) pinned structure;

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

an éntiferromagnetic pinning layer; and

fhe AP pinned structure being located between the pinning layer
and the spacer layer; and
the AP pinned structure including:

firstand second ferromagnetic AP pinned layers with the first AP
pinned layer being pinned by exchange coupling with the pinning layer
in a first direction;

an antiparallel (AP) coupling layer located between the first and

_—
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20 " Ry ng-ball softening point: 104[err]C * Penetration index: +9.32.

After a 10-days storage, the softening points of both the top and
bottom portions, are perfectly the same. 25 Exanpl e 2

"By operating simlarly to as disclosed in Exanple 1, the end m xture,
after the reaction with styrene, - "~ Jy,s diluted, at 180C, during 30
.mnutes, wth 91.5 grans of bitunmen type 1, in order to reduce the

30 polyner level dowm to 6.0%

second AP pinned layers so that the second AP pinned layer is pinned

by the first

AP pinned layer in a second direction antiparallel to said first direction;
and

each of the first and sécond AP pinned layers being cobalt iron -

(CoFe);

an exchange coupling interlayer located between and interfacially
engaging the pinning layer and the first AP pinned layer; and

said exchange coupling interlayer being nickel iron (NiFe);

a housing;

a magnetic disk rotatably supported in the housing;

a support mounted in the housing for supporting the magnetic head

- assembly with its ABS facing the magnetic disk so that the magnetic head

assembly is in a transducing relationship with the magnetic disk;

mieans 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 to the positioning means for
exchanging signals with the magnetic head assembly, for controlling movement

of the magnetic disk and for controlling the position of the magnetic head

T
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B g

assembly.



9 : The diluted product displays the follow ng

char acteristics: _ * Penetration at 25[err]C. 100 dnmm * Sof t eni ng
point: 10l[err]C; 5 * Penetration index: +8.82. : After a .
" 5-days storage, the softening points of - the top and bottom portions of

the bl end display a
28

20. A magnetic disk drive as claimed in claim 19 wherein the pinning-

layer is nickel oxide (NiO).

21. A magnetic disk drive as c_Iaimed in claim 20 wherein the pinning

layer has a thickness of substantially 425A.

22. A magnetic disk drive as claimed in claim 20 wherein each of the
first and second AP pinned layers has a thickness of substantially 242\. and the

interlayer has a thickness of 10A.

23. A magnetic disk drive as claimed in claim 22 wherein the pinning

layer has a thickness of substantially 425A.

24. A magnetic disk drive as claimed in claim 23 wherein the spin
valve sensor further includes:

a giant magnetoresistive (GMR) enhancement layer Iocated bet_ween
the spacer layer and the free layer and interfacially engaging the free layer;
and

the GMR enhancement layer being cobalt iron (CoFe).

25. A magnetic disk drive as claimed in claim 24 wherein the GMR
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difference of 2[err]C, thus denpnstrating that nodified bi t umen

retains its stability even after dilution with - 10 fresh bitunen.
20.3 g of SBS polyner is added, under an inert - atnosphere, to 220.8 g

“of Bitunen 1, heated at about

225[err]C, and the resulting blend is

kept stirred for 30 15 mnutes. The 5.5 g of al pha-nethyl styrene

_(0.230 mol) is added, with the bl efd being kept with stirring for
90 mnutes, still at about 225[err]C - The resulting blend had a
penetration of 88 dmm and a softening point, by the ring-ball

met hod, of 20 103.5[err]C. After a 5-days storage at .

170[err] C

'ehhhAEement layer has a thickness in a range of 3A to 30A.

26. A magnetic disk drive as claimed in claim 25 wherein the AP

coupling layer is ruthenium (Ru) with a thickness of substantially 8A.

layer;

27. A method of making a magnetic read head comprising:
making a spin valve sensor as follows:

forming an antiferromagnetic (AFM) pinning layer;

forming an exchange coupling layer of nickel iron (NiFe) on the -

pinning layer;

forming an antiparallel (AP) pinned structure on the exchange
coubling layer; |
the forming of the AP pinned structure including:

forming a first AP pinned layer of cobalt iron (CoFe) directly on
the exchange coupling layer;

forming an antiparallel (AP) coupling layer on the first AP pinned

forming a second AP pinned layer of cobaltiron (CoFe)onthe AP
coupling layer;

forming a nonmagnetic electrically conductive spacer layer onthe
second AP pinned Iayer; and

forming a ferromagnetic free layer on the spacer layer.

I ————
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cyl i ndri cal cont ai ners, no differences could be observed between
the top and bottom softening points. After a 10-days storage, the
difference between the 25 softening points resulted to be of 1.5[err]C.
Exanpl e 4 (conparison exanpl e) The preparation is repeated as
di sclosed in Exanple 1, using the sanme anobunts of Bitunmen 1 and
pol ynmer, but without adding any furthelOadditives. 30 After an onLy -
1-day storage time at 170[err]C, the

28. = A method of making a magnetic read head as claimed in claim
27 including: -

forming a ferromagnetic first shield layer;

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

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

forming first and second hard bias and lead layers in connection with 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.

29. A method of making a magnetic read head as claimed in claim

28 wherein the pinning layer is nickel oxide (NiO).

30. A method of making a magnetic read head as claimed in claim

29 wherein the pinning layer has a thickness of substantially 425A.

31. A method of making a magnetic read head as claimed in claim

29 wherein each of the first and second AP pinned layers has a thickness of

KR O




10.

di fference between the softeni ng points of the top

portion and of the bottom portion was of 290C. Exanple 5

(conpari son exanpl e) : The preparation is repeated as disclosed in
"5 Exanple 1, by operating in exactly the sane way and usi ng the sane
anounts of reactants, with the only 31 difference that Bitunen 2, the "Z"
.value of which is of 4.35, is used. After an only 1l-day storage

time,

substantially 24A and the interlayer has a thickness of 10A.

| 32. A method of making a magnetic read head as claimed in claim

31 wherein the pinning layer has a thickness of substantially 425A.

33. A method of making a magnetic read head as claimed in claim
32 wherein the spin valve sensor further includes:

a giant magnetoresistive (GMR) enhancement layer located between
the spacer layer and the free layer and interfacially engaging the free layer;
and

the GMR enhancement layer being cobalt iron (CoFe).

34. A method of making a magnetic read head as claimed in claim
33 wherein the GMR enhancement layer has a thickness in a range of 3A to

30A.

35. A method of making a magnetic read head as claimed in claim
34 wherein the AP coupling layer is ruthenium (Ru) with a thickness of

substantially 8A.

36. A method of making a magnetic head assembly having a read

N



t'he diszerence bet ween. t he softening points of the top 10 portion and of

the bottom portion is of 58[err]C Exanpl e 6 (conparison exanpl e)
The process is repeated by operating in exactly the sane way as
disclosed in Exanple 1, ‘with the only di fference being the tenperature
val ue, which is of 15 exactly 200[errgs, rather than 225[err]C, as in
:Exanpl e 1: The resulting product displays the foll ow ng
characteristics; * Penetration at 25[err]C 107 dmm * Ri ng- bal

softening point: 113[err]C

head and a write head comprising:

forming the read head as follows:

forming a ferrofriag’netic first shield layer;

forming a nonmagnetic electrically insulative first read gap layer
on the first shield layer;
forming a spin valve sensor on the first read gap layer as follows:

forming an antiferromagnetic (AFM) pinning layer;

forming an exchange coupling layer of nickel iron (NiFe) on the
pinning layer; and

forming an antiparallel (AP) pinned structure on the exchange

~coupling layer; and

the forming of the AP pinned structure including:

forming a first AP pinned layer of cobalt iron (CoFe) directly on
the exchange coupling layer;

forming an antiparallel (AP) coupling layer on the first AP pinned

layer;

forming a second AP pinned layer of cobaltiron (CoFe)onthe AP
coupling layer;

forming a nonmagnetic electrically conductive spacer layer onthe
second AP pinned layer; and

forming a ferromagnetic free layer on the spacer layer; and

forming first and second hard bias and lead layers in connection with the

—_—
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20 ; After 1-day of storage at 170[err]C, the difference bet ween
the softening points of the top portion and of the bottom portion is
of 41.5[err]C. CLAIMS 1. Process for stabilizing blends of

bi tunen and
33

spin vélve 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;
forming the write head as follows:
_forming a ferromagnetic first pole piece layer on the second read
Qap layer wherein the first pole piece layer has a yoke region between
a pole-tip region and a back gap region;
forming a nonmagnetic write gap layer and an insulation stack
with atleast one write coil layer embedded therein on the first pole piece
layer in the pole tip and yoke regions respectively; and
forming a ferromagnetic second pole piece layer on the write gap
| layer and'the inéulation stack and connected to the first pole piece layer

in the back gap region.

37. A method of making a magnetic head assembly as claimed in

claim 36 wherein the pinning layer is nickel oxide (NiO).

38. A method of making a magnetic head assembly as claimed in

claim 37 wherein the pinning layer has a thickness of substantially 425A.

39. A method of making a magnetic head assembly as claimed in

claim 37 wherein each of the first and second pinned layers has a thickness of
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ther nopl astic pol ynmer, characterized in that the above said blends are
caused to react in an inert environnment at a tenperature conprised
wthin the range of from 210 to 240[err]C and during a time of from1
to 4 hours, with a vinyl aromatic conmpound, with bitunen being

sel ected fromthose having such contents of resins, asphaltenes, .
aromatics and saturated species, as to ébnply with the condi tion Z>5,
with "Z" being defined by the expression Z = Klerr] a/lb +
Klerr]Jc - Klerr]d - wherein "a" represents the percent content, by

wei ght, o o
J substantially 24A and the interlayer has a thickness of 10A.

40. A method of making a magnetic head assembly as claimed in

claim 39 wherein the pinning layer has a thickness of substantially 425A.

41. A method of making_a magnetic head assembiy as claimed in
claim 40 wherein the spin valve sensor further includes:

a giant magnetoresistive (GMR) enhancement layer located between
the spacer layer and the free layer and interfaciaily engaging the free layer;
and

the GMR enharicement layer being cobalt iron (CoFe).

42, A method of making a magnetic head assembly as claimed in
claim 41 wherein the GMR enhancementlayer has a thickness in a range of 3A

to 30A.

43. A method of making a magnetic head assembly as claimed in
claim 42 wherein the AP coupling layer is ruthenium (Ru) with a thickness of
substantially 8A.



of resins fraction, "b" the percent content, by weight, of asphaltenic
fraction, "c" the percent content, by wei ght, of aromatic fraction,
"d" the percent content, by weight, of the saturated fraction; Kerr]
= 0.961; [err] = 0.087; K3 = 0.055. 2. Process according to claim1,
characterized in that said vinyl aromatic conmpound is selected from
styrene, al pha-net hyl styrene, .divi Bl benzene, vinyl naphthal ene

and their al kyl derivatives. 3. Process according to claim 2,
characterized in that

ANTIPARALLEL (AP) PINNED READ HEAD WITH IMPROVED GMR
ABSTRACT
First and second antiparallel (AP) pinned layers (210, 212) of an AP pinned layer structure
(204) are cobalt iron (CoFe) which increases the GMR (magnetoresitive coefficient di/R)

of a spin valve sensor (200) by 10% with improved magnetic stability over a spin valve

sensor where the first and second AP pinned layers are cobalt (Co).

FIG 12



sai d vi nyl aromatic conpound is selected from styrene and al pha- net hyl
styrene. 4. Process according to claim1l, -in which the content of
thernopl astic is conprised within the range of from1 to 15% by

weight, relatively to bitunen. 5. Process according to claiml1, in which
t he
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12 t hernopl astic polyner is a radial copolyner containing
pol ystyrene and pol ybut adi ene bl ocks. 6. Process according to claiml, in

~whi ch the anmount of vinyl aromatic conpound is conprised within the
range of fromO0.1 to 0.4 nol per 100 g of thernoplastic pol yner.
7. Process according to claim®6, in which the anmount of vinyl aromatic

conmpound is conprised within the range

of -fromO0.15 to 0.3 nol per
100g of thernoplastic :
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'polyner. 8. Process according to claim11 for stabilizing blends of

bi tunmen having Z>5 and thernopl astic polyner, which conprises: (a)
bl endi ng, under an inert atnosphere, bitunmen and t her nopl asti c pol yner
at a tenperature conprised within " the range of from 210 to 240[err]C;
(b) adding a vinyl-aromatic conpound to the m xture obt ai ned from
-above (a) step, still at a tenperature

. 3/7
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conprised within the range of from 210 to 240[err]C, (c) keeping the
resulting blend at that tenperature for a total tinme, including (a)
.and (b) steps, conprised within the range of from1 to 4 hours. 9.
Process according to claim1, for stabilizing blends of bitumen having
Z>5 and thernoplastic polynmer, which conprises: (a) heating a blend
-0f the above said bitunmen and a pol ymer, containing from5 to 20% by
wei ght of t her opl astic pol ymer #%ith a vinyl aromatic conpound,
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‘at a tenperature conprised within the
13 . range of from 210 to 240[err]C, during a tinme conprised
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within the range of from1 to 4 hours, (b) diluting the resulting blend

with fresh bitunmen in order

bl end cont ai ni ng

to produce a stabilized bitunmen-polyner

from1l to 15% of thernoplastic polymer.
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