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| nvention The present invention relates to a nmagnetoresistive (MR) sefs 5
with an MR enhancing |ayer, and nore particularly to an MR sensor with a .
seedl ayer and/or one or nore spacer |ayers which enhance the MR coefficient
of the MR sensor. 2. "Description of the Related Art A nmgnetoresistive
(MR) sensor is enployed in an MR read head for sensing magnhetic fields on a
magneti c storage nmedium such as a rotating magnetic disk. The MR read head
is carried on a slider nmounted on a suspension, the suspension, in turn,
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slider is supported on t alr bearing by an alr.-bearing surface (ABS). The
actuator noves the head to selected information tracks on the rotating
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proportion to changes o?At e FQEHSIM%ES of magnetic fields

1.  Field of the Invention
The present invention relates to a magnetoresistive (MR) sensor with an MR

enhancing 'layer, and more particularly to an MR sensor with a seedlayer and/or one
or more spacer layers which enhance the MR coefficient of the MR sensor. -
2 Description of the Related Art
A magnetoresistive (MR) sensor is employed in an MR read head for sensing
magnetic fields on a magnetic storage medium, such as a rotating magnetig: disk. The
- MR read head is carried on a slider mounted on a suspension, the suspension, in turn,
being mounted to an actuator. The suspension biases the slider toward a surface of
the disk. When the disk rotates, the loading is counterbalanced by a cushion of air
(an "air Eearing") generated by the rotating disk. The slider is supported on the air
bearing by an air bearing surface (ABS). The actuator moves the head to selected
information tracks on the rotating magnetic disk. The resistance of an MR stripe in
the MR sensor changes in proportion to changes of the intensities of magnetic fields
emanating from the rotating disk. When a sense current is conducted through the MR
sensor, the resistance changes in the MR stripe cause proportional changes in potential
across the sensor. These potential changes are then processed to produce playback
signals corresponding to the information signals stored on the magnetic disk.

A typical anisotropic MR (AMR) sensor includes a biasing layer, a spacer
layer, an MR stripe and a cap Iayer. The biasing layer is employed for transversely
biasing the MR stripe. The spacer layer provides magnetic separation between the
MR stripe and the biasing layer. The cap layer is provicied to protect the MR stripe

from oxidation. The resistance of the MR stripe to the sense current is dependent
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changing the resistance of the MR stripe. The stripe’s resistance is at 2 mimmum

when the magnetic moment of the MR stripe is perpendicular to the ABS. Since
external fields can rotéte the magnetic moment clockwise and counterclockwise, a
graph of resistance versus applied field will exhibit a bell shaped curve. When the
MR stripe is transversely biased by the biasing layer, the magnetic moment of the MR
stripe is located along a linear portion of the bell shaped curve. With this
arrangement the magnétic moment of the MR stripe is at approximately 45 degrees
to the ABS in a quiescent state (no applied field). When fields are applied from a
rotating disk a transversely-biased MR stripe will exhibit a linear response. The
change in resistance of the MR stripe due to the applied field is denoted by aR, and
the ratio aR/R is termed the MR coefficient of the MR stripe. |

As is known, the magnetic design of recording systems with high linear
densities (Gbit/in®) dictates the requirement for very thin MR sensing layers.
However, this requiremenf forces the MR thickness into a range of a strongly reduced
MR coefficient. _

Typically, an MR stripe is fabricated from a NiFe based alloy. For example,
the alloy can be Permalloy, which is NigFe,,, or NiFeCo. Bulk Permalloy has an MR
coefficient of about 4%. For a very thin Permalloy stripe, such as 150 A, as is

_ roughly required for a 1 Gbit/in® head, the MR coefficient drops to about 2%. There

is a strong felt need to enhance the MR coefficient of very thin MR stripes to meet
the demand for higher density MR read heads.
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4% For 1§ hegted ton330°rR007F (o2 Jiar yederlayer; ithey Penrmalloy reasts with Ta losing
some of its magnetic moment and strongly reducing the MR coefficient. Further, the

high heat can be destructive to other layers, such as shield layers.

Td is widely employed as a seedlayer for a Permalloy MR stripe. Whén the
Permalloy is grown on a Ta seedlayer, the resistance of the Permalloy is reduced and
therg is a corresponding increase in the MR coefficient of 20% to 25%. Ta is also
desirab!e because it has high resistivity which minimizes shunting of the sense current.
It also has fair thermal stability which dictates the maximum allowable level of the
sense current. Further, Ta has a zero moment, as required for any layer adjacent the
MR stripe. Accordingly, Ta has been employed as seedlayer, spacer layer and/or
capping layer in MR sensors.

We have postulated that if a NiFe based alloy could be employed as a
seedlayer for the Permalloy MR stripe, the microstructure of the MR stripe might be
enhanced to produce a high MR coefficient. Furthermore, such an alloy may be less
reactive with NiFe than Ta at elevated temperatures. It is understood that such a
seedlayer, although containing Ni and Fe, should have no magnetic moment. The
seedlayer should also be compatible with a a zero or a slightly negative NiFe
magnetostriction and with a NiFe anisotropy field between 3-6 Oe. It would also be
desirable if the seedlayér would be compatible with the use of an amorphous CoX

layer for transverse biasing.
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the Nig,Cr,, seedlayer is on Ta, the MR coefficient can be 30% larger than for Ta by
itself. The NigFe,,Cr,, layer or the Nig,Cr,, layer can be employed as a seedlayer,
spacer layer or a capping layer. When the layer is employed as a seedlayer or a
spacer layer it will be referred to as a spacer layer which abuts the MR stripe. When
the MR layer is grown on the spacer layer the si:acer layer serves as a seedlayer as
well as a spacer layer; when the spacer layer is grown on the MR stripe it serves as
only a spacer la);er. The concentration of Cr in the alloy is within a fairly narrow
range of 20% to 50%, with the best concentration being about 40%. In this range the .
alloys examined had zero magnetic moment.

Tests have shown that a Permalloy MR stripe grown on a spacer layer of
Ni,Fe,,Cr,, results in a significantly improved grain structure. The improvement is
manifested by much larger grains with fewer defects. It is believed that this improved
grain structure significantly contributes to increasing the MR coefficient of the MR
stripe. ‘

An object of the present invention is to provide a spacer layer adjacent an MR
stripe which enhances the MR coefficient and the thermal stability of the MR stripe,
when compared to a Ta spacer layer. ' |

Another object is to provide a spacer layer adjacent an MR stripe which is
similar in metallic content to the material of the MR stripe, yet has zero magnetic
moment.

.Other objects and advantages of the invention will become apparent by

referring to the following description and accompanying drawings. -
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MR head with the improved MR sensor of the present invention.

Fig. 3 is a cross-sectional view of the layers of a prior art MR sensor.

Fig. 4A is a cross-sectional view of the layers of a first embodiment of the MR
sensor without a soft biasing layer. '

Fig. 4B is a cross-sectional view of the layers of a second embodiment of the
MR sensor without the sbﬁ biasing layer.

Fig. SA is a cross-sectional view of the layers of the first embodiment of the
MR sensor with a soft biasing layer. _

Fig. 5B is a cross-sectional view of the layers of the second embodlment of
the MR sensor with a soft biasing layer.

Fig. 6A is a cross-sectional view of the layers of the first embodiment of the
MR sensor with the soft biasing layer above the MR stripe.

Fig. 6B is a cross-sectional view of the layers of a second embodiment of the

" MR sensor with the soft biasing layer above the MR stripe.

Fig. 7 is a graph illustrating the MR coefficient (AR/R) in percent versus
thickness of a Permalloy (NigFe,,) layer in angstroms on various underlayers
deposited under various conditions.

Fig. 8 is a graph illustrating MR coefficients in percentages versus various
thicknesses of an MR stripe comparing prior art results with results obtained by the
present invention.

Fig. 9 is a graph showing MR coefficients versus various thicknesses of aNiCr

underlayer for 20% and 40% concentrations of chromium.
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34. The suspension and actuator arm 34 position the slider 32 so that the head 30 is
in a transducing relationship with a surface of the magnetic disk 24. When the disk
24 is rotated by the motor 26, air is moved by the surface of the disk, causing the
slider to ride on an air bearing slightly off the surface, on the order of .075 microns.
The head 30 is then employed for writing information to multiple circular tracks on
the surface of the disk 24 as well as reading information therefrom. : Signals for
reading and writing this information are exchanged with the head 30 and are processed
by drive electronics 36, which also processes servo signals for controlling!; the position
of the slider with respect to the disk, and for driving the motor to rotate the disk.
Fig. 2 is a cross-sectional schematic illustration of the head 30 which includes
a read head portion and a write head portion. The head 30 is lapped to form an air
bearing surface (ABS), the ABS being spaced from the surface of the rotating disk by
the air bearing, as discussed hereinabove. The read head portion includes a
magnetoresistive (MR) sensor 40 sandwiched between first and second gap layers G1
and G2 which are, in turn, sandwiched between first and second shield layers S1 and
S2. The write head portion includes a coil layer C and insulation layer 12 which are
sandwiched between insulation layers Il and I3 which are, in turn, sandwiched
between first and second pole pieces P1 and P2. A gap layer G3 is sandwiched
between the first and second pole pieces at their pole tips adjacent the ABS for
providing a magnetic gap. When signal current is conducted through the coil layer
C, flux is induced into the first and second pole piece layers P1 and P2 causing flux

to fringe across the pole tips at the ABS. This flux magnetizes circular tracks on the



~of C inthe alloy is within a fairly narrow range of 20%to 50% wth the
best concentration being about 40% In this range the alloys exam ned had
zero nmagnetic nonent. Tests have shown that a Pernmalloy MR stripe grown on
a spacer layer of Ni[err]Fe[err]Cr[err] results in a significantly inproved
grain structure. The inprovement is napifested by nuch larger grains with
fewer defects. It is believed that this inproved grain structure
significantly contributes to increasing the MR coefficient of the MR
stripe. According to an aspect of the present inventiaon, there is provided
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' by detecting changes of a sense voltage across the MR sensor. The voltage changes

are processed by the drive electronics 36 shown in Fig. 1. The combined head

illustrated in Fig. 2 is a "merged" MR head in which the second shield layer S2 of the

. read head is employed as a first pole piece P1 for the write head. In a piggyback

head (not shown) the second shield layer S2 and the first pole piece P1 are separate

layers. '

Fig. 3 illustrates a prior art MR sensor 60 which includes a Permalioy. MR
stripe 62 sandwiched between top and bottom Ta layers 64 and 66, the bottom Ta
layer being on a soft layer 68 for transverse biasing. Tantalum (Ta) is the most
widely used underlayer material for an MR stripe ‘62" because Ta improves the MR
coefficient of the Permalloy MR stripe by enhancipg its grain structure. Further, Ta
has high resistivity and good thermal stability relative to other elements. The negative
effects of Ta occur at the interface of the Ta underlayer with the Permalloy MR stripe.
High heat at the Ta and Permalloy interface causes an interdiffusion therebetween,
which destroys the magnetic moment of the MR stripe.

Figs. 4A and 4B show improved MR sensors 70 and 72 according to the
present invention. We have discovered that, by employing a layer 74 of NiFeCr or
a layer 76 of NiCr immediately adjacent the Permalloy stripe 62, the MR coefficient

and the thermal stability of the MR sensor are significantly improved over the prior
art MR sensor 60 shown in Fig. 3. As shown in Fig. 4A, a capping layer 78 of NiFeCr
or TA may be employed the capping layer being an outermost layer of the MR sensor.
The NiFeCr capping layer' provides better thermal stability of the MR sensor 70 than
the Ta capping layer. In Fig. 4B the capping layer 80 may be NiCr or Ta. The NiCr
capping layer provides a better thermal . stability of the MR sensor 72 than the Ta.
capping layer. In Figs. 4A and 4B it should be noted that no soft layer (SL) has been
employed for transverse biasing the MR stripe 62. In some embodiments the soft layer
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provi ded a nmagnetoresistive (MR) sensor conprising: an MR stripe including
Ni Fe; a first spacer layer including a zero nagnetic nonent
Ni[err]Fe[err]Cr[err] alloy that interfaces the MR stripe, where x, y and z
are percentages of Ni, Fe and O respegiively; and the z percentage being
50% or | ess. According to another aspect of the present invention, there is
provi ded a nmagnetoresistive (MR) sensor conprising: an MR stripe including
Ni Fe; a first spacer layer including a zero nagnetic_nonent
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except the embodiments 82 and 84 have soft layers 90 and 92 below the chromium

based layers 74 and 76 for transversely biasing the MR stripe 62. The soft layer may

be NiFeNb, CoNbFe, NiFeCr or others. -

In Figs. 6A and 6B there are shown embodiments 94 and 96 of the present
invention wherein the MR stripe 62 is sandwiched between NiFeCr layers 74 and 98
in Fig. 6A and between NiCr layers 76 and 100 in Fig. 6B and the soft biasing layers
90 and 92 are above the MR stripe 62. When the MR stripe 62 is sandwiched
between chromium based layers, as shown in Figs. 6A and 6B, the MR sensor has
improved thermal stability. .

It should be noted that the NiFeCr layer 98 in the embodiment 94 and the NiCr
layer 100 in the embodiment 96 serve as spacer layers between the MR stripe 62 and
the soft layers 90 and 92. The chromium based layers 74 and 76 in F igs. 4A, 5A and 6A
as an underlayer or seedlayer'for the construction of the MR stripes 62. Further, the
chromium based layers 74 and 76 serve as a spacer layer between the MR stripe and
underlying substrates. As an example, the chromium based layers 74 and 76 in the
embodiments in Figs. 5A and 5B serve as a spacer layer between the MR stripes 62
and the underlying soft layers 90 and 92. Accordingly, when the chromium based
layers are interfacially adjacent the MR stripe 62, they will be referred to hereinafter
as spacer layers unless they are specifically referred to as a capping layer. It should
be noted that the NiCr layers can be combined with a Ta layer which we have
discovered will further increase the MR coefficient of the MR stripe. The description
hereinbelow will explain the results from various experiments conducted to show the

advantages of the present invention over the prior art MR sensor shown in Fig. 3.
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a first spacer layer including a zero nagnetic nonment Ni[err]Fe[err]Cr[err]
alloy that interfaces the MR stripe, where X, y and z are percentages of
Ni, Fe and Cr respectively; and the x percentage being substantially 40%
Accordi ng to anot her aspect of the present invention, there is provided a
magnet or esi stive (MR) sensor conprising: an MR stripe including N Fe; a
first spacer layer including a zero magnetic nonent Ni[err]Fe[err]Cr[err]
alloy that interfaces the MR stripe, where x, y and z are per cent ages of
Ni, Fe and Cr res7pect|vely, and the x percentage bein ﬁg tlally 48%
the y percentlig shensesukts ifrom expoomepts R Yanews, g %@?Snﬁ

bt el B4 SR Mol BRI AR, Oy lFSIBRSET

(ALO,) with vanous sputtering techmques The results are shown in MR coefficients
versus thicknesses of the Permalloy. The filled circles correspond to Permalloy thin
film layers grown on a 50A underlayer of (NigFe)sCry. Codeposition from a
~ Ni,,Fe,, target and a pure Cr target was implemented to form the.(N: i,',,Fel,)mCrw layer
followed by deposition only from the Nig Fe,, target to form the Permalloy layer on
top of the chromium based layer. The filled squares correspond to Permalloy
deposited by DC sputtering directly on an alumina layer. Manifestly the Permalloy
deposited on the chromium based layer shown by the filled circles has significantly
increased MR coefficients over the Permalloy deposited on the alumina layér shown
by the filled squares. The hollow square shows Permalloy sputtered by a DC
magnetron at 350°C on alumina. It can be seen that the result obtained is equivalent
to the Permalloy layer deposited on the chromium based layer shown by the filled
circles !at low heat. The filled diamond corresponds to RF sputtering of a Permalloy

" layer on alumina and subsequently annealed at 500°C. Again, the one data point for
this experiment shows an equivalent MR coefficient for the Permalloy as Permalloy
deposited on the chromium based layers shown by the filled circles. The hollow
diamond corresponds to RF sputtering of the Permalloy layer on an alumina layer at
high heat. It can be seen from this data point that when high heat is employed the MR
coefficient is low. These experiments demonstrate that equivalent MR coefficients can
be obtained with Permalloy deposited on (Nig Fe,g)eCryo at low heat as that obtained
from Permalloy deposited on alumina at high heat during or after deposition. The
advantage of depositing the Permalloy layer on the chromium based layer under low
heat conditions prevents interfacial reactions between the layers and damage to other
layers such as shield layers. When tantalum is interfaced with Permalloy high heat
causes a reaction at the interface which severely reduces the magnetic moment and the

magneto-resistance of the MR stripe.
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san MR stripe including NiFe; a first spacer layer including a zero nagnetic
nmonment Ni[ert]Fe[err]Cr[err] alloy that interfaces the MR stripe, where X,
y and z are percentages of Ni, Fe and C respectively; and the y percentage
bei ng greater than zero; a soft magnetic layer interfacing with the first
spacer layer, the first spacer |ayer bei+fig-sandw ched between the soft
magnetic | ayer and the MR stripe; a capping |layer that is an outernost
| ayer of the MR sensor; and the capping | ayer being selected fromthe group
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conprising: an MR stripe incl Fe; first spacer layer including a

zero nmagnetic nonent Ni[err #FEFE#FEH et roy-—tnat 1t er f aces the M
stripe, where x, y and z arf_perceft ages MI ‘respectively; a
second spacer layer includijng N gss]Fe[grr]Cr[eqr] intgrfacing the MR
stripe, such that the MR stgipe is-sandwlched-between—tdte first and second
spacer |ayers; a softs magnefic |d9p% intgrfacing8mth tHje second spacer

| ayer, such that the
50% 1.1 |

The above chart shows the results of MR coefficients for three different
concentrations of chrominm NiFeCr and a capping layer of NiFeCr deposited on the
Permalloy layer. The deposition was made by DC magnetron sputtering. When the
chromium concentration is 30% the MR coefficient in the Permalloy layer is-1.7%.
When the chromium content is increased to 40% the MR coefficient Permalloy layer
is 1.8% and when the chromium concentration is increased to 50% ﬂ}e' MR coefficient

" drops to 1.1%. This chart shows that the best concentration of chromium in the
NiFeCr layer is around 40%. .

It is important that the non-magnetic layers in an MR sensor have high
resistivity in order to limit shunting of the sense current. The resistivity of the NiFeCr
layer on a 10004 thick film ranges from 120 micro-ohms per centimeter for a 30%
chromium concentration to 150 micro-ohms per centimeter for a 50% chromium
concentration. |

Tests were run to determine the effect of the NiFeCr seedlayer on magneto-
striction of the Permalloy layers. The NiFeCr seedlayer causes only a minor shift of
the magnetostriction toward more negative values as compared to a Ta seédlayer.

Thermal Stability
IB NiFe Nb (1024) / x / NiFe (1504) / x

25 . ' Ta spacer (x) NiFeCr spacer (X)
As dep. 1.94% 2.44%
250°C x 7h 1.98% 2.49%
+ 350°C x 7h 1.45% 2.38%




second spacer |ayer .is sandwi ched between the MR stripe and the soft
magnetic | ayer; and the x percentage being substantially 48% the y

percent age being substantially 12% and the z percentage being substantially
40% According to another aspect of the present invention, there is

provi ded a magnetoresistive (MR sensoi conprising: an MR stripe including
Ni'Fe; a first spacer |ayer including a &ero magneti ¢ nonent
Ni[err]Fe[err]Cr[err] alloy that interfaces the MR stripe, where x, y and z
are percentages of Ni, Fe and C respectively; and the y percentage is
zero; - 4c Thea:hartfshowagmmabdv&whnwsnheﬂfeamah@fabﬂbéy of the MBpsanser atayer ,
such that the first ager IS san Wgeg betvve n the,soft netlc
ayer  andeitS RIS ToL Th Hater RYely and NRECE SReHT P nASPara BYelor | he
MR sensogg d%ﬁﬂ;téch Bn PO A GhicR)sBTt 189éM6f NIFaNs; o 196Armicﬁrpei+naﬂey quipe) from

the group consisting
layer is deposited on the spacer layer and another spacer layer is deposited on top of

the Permalloy layer. The deposition was by ion beam sputtering. The MR
coefficients are shown for the various combinations. The NiFeCr spacer layer shows
an MR coefficient of 2.44% as compared to 1.94% for a Ta spacer layer when no heat
is applied to the layers. | When the layers are heated at 250°C for seven hours the
results do not changé much, showing the MR cdefﬁcient for the NiFeCr spacer layer
at 2.49% and the MR coefficient for the Ta spacer layer at 1.98%. However, when
the layers are subje&ed to heat at 350°C for seven hours the MR coefficient has
declined slightly for the Cr spacer layer and the MR coefficient has declined
dramatically for the Ta spacer layer. The Permalloy thickness equivalent loss when
350°C heat applied results in 2 4A thickness loss for the NiFeCr spacer layer and a
35A thickness loss for the Ta spacer layer. A 35A_ Permalloy equivalent thickness
loss is unacceptable. Accordingly, the NiFeCr spacer layer provides improved thermal
stability over the Ta spacer layer for an MR sensor.

Fig. 8 shows the improvement of the MR coefficients for MR sensors with
various thicknesses employing the NiCr spacer compared to prior art MR sensors
employing Ta layers. The ratio of the soft layer (SL) to the MR Stripe thickness is
kept constant in all cases. The open circles show the MR coefficients for prior art
heads at these various thicknesses. The filled circles show the MR coefficients for
MR heads employing the NiCr spacer layers. From this chart it can be seen that there
is a significant improvement in MR sensors which employ the NiCr Spacer layer as
compared to the prior art MR sensoré which employ the Ta spacer layers.

Fig. 9 shows the various MR coefficients for 120A of Permalloy (NiFe)
deposited on various thicknesses of NiCr layers which are, in turn, deposited on 50A
of Ta for 20% and 40% chromium concentrations. The depositions were made by RF

sputtering. This chart shows a very high MR coefficient for a 50A NiCr layer with
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., of NiFeCr, Ta, N Cr,

Ni Cr/ Ta and Ta/Ni Cr. According to anot her aspect of

thé present invéntion, there is provided a magnetoresistive (MR sensor
conprising: an MR stripe including NiFe; a first spacer |ayer includ

zero nag

netic moment Ni[err]Fe[err]Cr[err] alloy that interfaces the

stripe, where x, y and z are percentaged of Ni, Fe and C respective
y percentage being zero; a second spacer |ayer including
Ni[err]Fe[err]Cr[err] and interfacing the MR stripe, such that the M

stripe i
magneti c
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ing a
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ly; the

of t
cond

spacer Iap%'theSMRaéuBﬁﬁef@ﬁté @ekmmcatnm IYRest ri pe and the soft rragnetlc
layer; a capping |layer that is an outernost 1ayer of the MR sensor;

cappi ng | ayer TiheaforementignedWiEeGranddVike layers aspcensrally infezghapgeablefar

magneti c
cappi ng
appar ent
dr awi ngs.

Pt

h bei we c el .a
ph BBFoVef MRV e SR MR (BERRRH R RROUR, BB, i6 Phraing
whien itleé edit{cbﬁﬂaﬁdh ohtrefchrdAiling th SR Spatdrllayd? is BB AOOHTP Md¥Wever,
the maximum MR coefficient is obtained at various seedlayer_tlucknesses, depending

on the alloy or the deposition process. The maximum MR coefficient enhancement

and t he

come

is obtained at about 25A of NiFeCr by ion beam sputtering, whereas the maximum

is obtained by about 50A for the NiCr layer as shown in Fig. 9. The overall
improvement of the MR coefficient in the 150A MR stripe employing the present
invention as compared to a Ta underlayer is about 30%. The signal enhancement for
a 150A MR head with SL biasing is approximately 20%. As shown by the previous
charts, there is improved thermal stability.of the MR sensor at 350°C and above. This

will allow the sense current to be at a higher level which will improve the efficiency

of the head. Further, the present invention is compatible with Co based amorphous
soft layers which are used for transversely biasing the MR stripe.

- 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.



. BRI EF DESCRI PTION OF THE DRAWNG Fig. 1 is an isonetric schematic
illustration of a magnetic disk drive which enploys an exerrpl ary merged MR
head with an inproved MR sensor of the present inventiom Fig—2isa
schematic vertical cross-sectional view of the exe ead
with the inproved MR sensor of the prggent inventlgﬂl Mjmjﬂ, W’;
cross-sectional view of the layers of a prior art Sen s a
cross-sectional view of the layers of a first enbodi ment of the MR sensor
wi thout a soft biasing |ayer. Fig. ﬁ:ﬁﬁ a cross-sectional view of the

| ayers of a second enbodi nent of t Sensor without the soft bi asi ng

| ayer. Fig. SW-Eh % fj:0ss-sectional view of the layers of the first
enbodi nent of sensor with a soft biasing layer. Fig. 5Bis a
cross-sectional view of the Iayers of the second embodi nent of the MR

sensor with a soft  biasing | aye 1.lg. 6A is a, cross-sectional. view of the
| ayers of thel-firsf WABRRY Wéﬁé SCREOTCONYWISIAG t h t he soft biasing | ayer

above the MR &I {40Stripe including NiFe; and
a first spacer layer including a zero magnetic moment NiFe,Cr, alloy and

interfacing with the MR stripe, where X, y and z are percentages of Ni, Fe and Cr
respectively. '

2. An MR sensor as claimed in claim 1 wherein the MR stripe includes
NiFe. '

3. An MR read head including the MR sensor of claim 1 wherein the read .
head comprises: | '

first and second gap layers:

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

first and second shield layers; and

the first and second gap layers being sandwiched between the first and éecond
shield layers.

4, A combined MR read head and inductive write head including the MR
read head of claim 3, the combined head comprising:

‘an inductiv_e. coil embedded in an insulation stack;

the insulation stack and the inductive coil being sandwiched between first and
second pole pieces; and

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

bearing surface.
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,Fig. 6B is a cross-sectional view of the |layers of a second enbodi nment of
‘the MR sénsor with the soft biasi ng | ayer above thﬂ'mmﬂ 71s a
graph illustrating the MR coefficient ([err]R R ﬂllmu"nllﬂl'

t hi ckness of a Permalloy (N [err]Fe[err]) layer in adngStrns! orf vari ous
under | ayers deposited under various coagf-.tions. Fig. 8 is a graph

illustrating MR coefficients in percentages versus various thicknesses of
an MR stripe corrparl ng prior art results with resul ts obtai ned by t he

, Con. 9
b cknessesof 5a. v & Hagheys 4B AP ik I ARURRG ol of MR ig ™ ' o
chrom um 4 theldEhA iRl PTI ON OF THE PREFERRED EMBODI MENTS Referring

now to the drawi ngs erein like reference nunerals designate |ike or
simlar parts eHraoghout the several views, there is illustrated in Fig. 1

a disk drive 20._The. .dr 0 J.ncl ude | e .22 whi ch supports and

rotates at Ieagt %uﬁﬁidﬁ%ﬂ%%mw&pgﬂﬁeﬁﬁbﬁ?pgmﬁe 22 is rotated by a notor

26 which is goyeaippdrtOinodnted on the frame for supporting the combined head in a
transducing relationship with the magnetic disk;

means for rotating a magnetic disk;

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

means connected to the head, to the means for rotating the magnetic disk, and
to the positioning means for exéhanging sigﬁals with the combined head, for
controlling movement of the magnetic disk and for controlling the position of the
combined head.

6. An MR sensor as claimed in claim 1 wherein the first spacef layer has
a thickness which maximizes the MR coefficient of the MR stripe.

7.  An MR sensor as claimed in claim 1 wherein z is less than 50%.

8. . An MR sensor as claimed in claim 1 wherein z is in the range of 20%-
50%. |

9. An MR sensor as claimed in claim 1 wherein z is substantially 40%.

10.  An MR sensor as claimed in claim 1 wherein x is substantially 48%,

y is substantially 12% and z is substantially 40%.

11.  An MR sensor as claimed in claim 1 wherein y is greater than zero.
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.motor controller 28. Athin filmmagnetic head 30 of-i.threse\ntilrl\éerTrltaLon

I's nounted on a slider 32, the slider being supported by a suspens
actuator arm 34. The suspension and actuator arm 34 pfﬂ,’"l r 32
so that the head 30 is in a transducing relationship Mﬂmﬂ H’@i t he
magnetic di sk 24. Wen the disk 24 is jetated by the nbtof 26, xir nmoved
by the surface of the disk, causing the slider to ride on an air bearing

slightly off the surface, on the order of .075 microns. The head 30 is then
enpl oyed for wr|t|n i.nformation to rrultlpl elﬁlrcular tracks on the surface

of the disk 24%s %m&%ﬂmﬁddﬂnﬁﬁ% tlﬁﬁlPéﬁgom Signals for

readi ng and wr | s awﬁrﬁh &g%q t}ﬁgp nd are
processed by rlg‘{’/fgqn#%‘ ﬁ(:l e? Efagﬁﬁi C 3{ 0 processe ei‘gt??/o SI g‘;g Flz for
control l |la‘5§¢rtﬂeﬁ1gomdtmchtdwetw€m tHel sdft mapihdticr lagereaid the MPesteiipek, and for

driving the notor to rotate the disk. Fig. 2 is a cross-sectional schematic
I1lustration of the head 30 Wnich incI udes a read head portion and a wite

e  ABS bei ng Bacentiviehfor Sinel Iy ol P whbleid B8 Afmplihodt fayet )
beari ng, iadiPé,swherecx memeata&élcselbcteﬂrﬁaom&hd ghagdcansisting pfiCy Nid&sl Rh.

magnet oresi stive (MR) sensor 40 sandw ched between first and second gap
| ayers Gl and & which are, in-turn, sandw ched between first and second

shi el d 1ayer's 1S angy §r oLheor'ls iirdd 3] Bt 12AHkREA MR FRrighbd By C one

i nsul ation | ayer
consists of a magnetic amorphous alloy containing Co.

15.  An MR sensor as claimed in claim 12 including:

a cap layer; '

the cap layer being selected from the group consisting of NiFeCr, Ta, NiCr;
NiCr/Ta and Ta/NiCr. '

16. An MR sensor as claimed in claim 15 wherein x is substantially 48%,
y is substantially 12% and z is substantially 40%.

17. An MR read head including the MR sensor of claim 16 wherein the
' read head comprises:

first and second gap layers:

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

first and second shield layers; and

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

shield layers.

18. A combined MR read head and inductive write head including the MR

read head of claim 17, the combined head compnsmo

an inductive coil embedded in an insulation stack;
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andW| ched between insulation layers 11 and 13. whlch QH in turn,

sandw ched between first and second pol e pieces Pl HMﬁl’ {ﬂm
tips

i s sandwi ched between the first and second pol e pieces
adj acent the ABS for providing a magnetic gap. Wen signal cu?reﬂ
conducted through the coil layer C flygx is i nduced into the first and
second pol e piece layers P1 and P2 causing flux to fringe across the pole
tips at the ABS. This flux magnetizes circular tracks on the = -7-

rotating disk 24, shown in Fi durin wite.o ing,a read
operation, fl e ipsl ﬁ%@}h%&%é‘&gg’éﬂw‘%ﬁg#ﬁ’@ YJ;\“S" atb'sg"’%%ééa‘?‘h
sensor ofe.}, ﬁkf g‘g %%ag‘n dcausing resistance changes in the MR sensor.
Sensor rest st Anc hges are detected by detecting changes of a sense

vol t age acr osthet fisst kRd secqd polEieces Iteapesprbedibysa thind gap dayes el alnyait he
drive electronics 36 shown in Fig. 1. The conbined head illustrated in Fig.
21s a " ‘head in which the second shield | ayer S2 of the read
head is errpl oyed as a first pole piece P1 for the wite head. In a

pi ggyback head (not shown) the second shield |layer S2 and the first pole

pi ece Pl are $®par # magnetic disk drive including the combined head as claimed in claim

18, the drive comprising:

a frame;

a magnetic disk rotatably supported in the frame;

a support mounted on the frame for supporting the combmed head in a
transducmg relationship with the magnetic disk;

means for rotating the magnetic disk;

positioning means connected to the support:for moving the head to multiple
positions w1th respect to said magnetic disk; and

means connected to the head, to the means f'or rotatmg the magnetic disk, and
to the positioning means for exchanging signals with the combined head, for
controlling movement of the magnetic disk and for controlling the position of the

combined head.

20.  An MR sensor as claimed in claim 16 wherein the cap layer includes
NiFeCr.

21.  An MR sensor as claimed in claim 16 wherein the cap layer includes
Ta.- '

.22, An MR sensor as claimed in claim 10 including:
a second spzicer layer including Ni,Fe,Cr, interfacing with the MR stripe, such

that the MR stripe is sandwiched between the first and second spacer layers;

T




k]
Jayers. Fig. 3 illustrates a prior art MR sensor 80-which includes a
Permal | oy MR stripe 62 sandw ched between top and bottom Ta | ayers 64 and
66, the bottom Ta | ayer bei ng on a soft | ayer 68 mm ’mﬁmn si ng.
Tantalum (Ta) is the nost wi dely used underl ayer: E»"m stripe
62 because Ta inproves the MR coefficiepnt of t he. Permal | by VR $tri pe by

enhanci ng its grain structure. Further, Ta has high resistivity and good
thermal stability relative to other el ement s. The negative effects of Ta

occur at the interface of the Ta nderl he Permall o ripe.

Hi gh heat at tReoftamagRetisclayen intgr 4%?% P"f‘é‘c’i‘e s%?ﬁe‘l' YQF’cﬁL‘¥PLI\f/§?to§Ei‘

t her ebet S gg{;w% mrm@ gs. 4A
and 4B s\h\%\‘/%v 1|1d cgp%fg’?ﬁé} ssgir@vg{rs (} an h_}ﬁe accordi ng to t ep Eelgﬁlay@

i nvention. We have di scovered that, by enpl oying a Iayer 74 of NiFeCr or a
| ayer 76 of Ni Cr inmmediately adj acent { he Per.al | ri p

coefficient and3t he AthMEraenser asrlaimed g3 claim R’R‘ﬂ!% <8P IE?'%WPF?%H |y

sn o caph e Shefé SEls e 58R5RY ¥ HeBub RofiBinaor CF NERM R, OO

bei ng an outernost |ayer of the MR sensor. The Ni FeCr cappi ng | ayer

provi des better thermal| stabili ty of the sensor 70 thapn the Ta_capping
| ayer. In Fig. 248 t ¥ Mipsensgr paglaim 11hﬁ191%3 IWhereig, the sott-magneticlayer

consists of a magnetic amorphous alloy containing Co.

25. An MR sensor as claimed in claim 22 including:
a cap layer interfacing with the soft magnetic layer, such that the soft magnetic
layer is sandwiched between the second spacer layer and the cap layer.

'26.  An MR sensor as claimed in claim 25 wherein the cap layer is
composed of material selected from the group consisting of NiFeCr, Ta, NiCr,
NiCr/Ta and Ta/NiCr.

27. An MR sensor as claimed in claim 26 wherein x is substantially 48%,
y is substantially 12% and z is substantially 40%.

28.  An MR read head including the MR sensor of claim 27 wherein the
read head comprises:
first and second gap layers:
the MR sensor being sandwiched between the first and second’ gap layers;
first and second shield layers; and
the first and second gap layers being sandwiched between the first and second

shield layers.
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; capf)i ng |layer provides a better thermal .stability of the MR sensor 72 than
the Ta capping layer. In Figs. 4A and 4B it no soft

| ayer (SL) has been enpl oyed for transverse b| strl pe 62. In
sone enbodi ments the soft |ayer -8- is not ﬁm ansver se
bi asi ng may be obtai ned by ot her neansjiguch a s;'cherre as

showmn in U S. Patent No. 4,052,728. Figs. 5A and 5B show enbodl_lrrents 82
and 84 of the present invention which are simlar to the enbodi ments 70 and

72, shown in gs 4A and 4 es h and 84
have soft |ay é’ﬂﬂl%é‘?dm{ﬁa&ﬁ’ga‘i %xﬂ‘ﬁ‘ﬁﬁ%‘ggﬁe E%f@%g%%% f or
transver%@d&néauao%aﬁrﬁbs M8 copibified fdad diimpihg: | ayer may be N Felb,

CoNbFe, N FeCr or others. In Figs. 6A and ere are shown enbodi nents 94

and 96 of the aprmdmtivelcmbcmbcddemarael msulption/maskyr i pe 62 is sandvvi ched

bet Ni FeCr, 74 6 d_het 76 d
100" g, ohe siaion Stk sprdas fluplye Fen Be Rt beyse R iRl "
stripe 6Zeconfi§idlé pfechR anldr i pe 62 is sandwi ched

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

bearing surface.

30. A magnetic disk drive including the combined head as claimed in claim

29, the drive comprising:
a frame;

a magnetic disk rotatably supported in the frame;

a support mounted on the frame for supporting the combined head in a
transducing relationship with the _magneﬁc disk; |

' me:cms for rotating the magnetic disk; ,

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

means connected to the head, to the means for rotating the magnetic disk, and
to the positioning means for exchanging signals with the combined head, for
contrdlling movement of the 'magnetic disk and for controlling the position of the
combined head.

31. An MR sensor as claimed in claim 27 wherein the cap layer includes
- NiFeCr.

.32. An MR sensor as claimed in claim 27 wherein the cap layer includes
Ta.

W
(93 )

An MR sensor as claimed in claim 1 wherein y is zero.

-—_
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ibetvveen chrom um based | ayers, -as shown in Figs. 6A and 6B, the MR sensor
has inproved thermal stability. It should be n i |l ayer 98.

in the enbodi ment 94 and the NNCr layer 100 in th ' serve as
spacer | ayers between the MR stripe 62 and the st'ill il ﬂ 92. The
chrom um based | ayers 74 and 76 in Figgg.4A 5A s rlayer or

seedl ayer for the construction of the I\/% stripes 62. Further, the chrom um
based | ayers 74 and 76 serve as a spacer |ayer between the MR stripe and
underlying substrates. As an exanple,  the chrom um based |ayers 74 and 76
in the enbodi rid¢hts An MBysensepanelgimed yoelpim 33 fpchdingar | ayer between the

MR Stri 62 i . 0 ' wh
the- chr ot um baSe B el itk fnd Wil Test 0K (8fer, SEAPHAL b o W00
wi Il be repaedrriagertis sagdwiched betiweefi the s6ft magaytic tayenlagd thé MR widpet hat th

a .ne

specifically referred to as a capping layer. It should be note
Ni Cr | ayers can be conbined with a Ta | ayer which we have di scovered w |

further increagge th | cl f. t ri T k Pt
her ei nbel ow vma% ex%lnal %)e%%&r%scﬁﬁ%e%flrnoérfn&\flg% g%lg{'egﬁrt)%? %%e%ﬁ%ﬁ%%(gkyg{]ed to
show t he iaNiFB%mﬁe HfisahfatefigiseMctéd oM the Eroye torisiting! dfaCr, NB addRRBensor

shown in Fig.

36. An MR sensor as claimed in claim 34 wherein the soft magnetic layer
consists of a magnetic amorphous alloy containing Co.

37. An MR sensor as claimed in claim 34 wherein the cap layer is
composed of material selected from the group consisting of NiFeCr, Ta, NiCr,
NiCr/Ta and Ta/NiCr.

38. An MR sensor as claimed in claim 37 wherein x is substantially 60%,
y is zero and z is substantially 40%.

39.  An MR read head including the MR sensor of claim 38 wherein the
read head comprises: '

first and second gap layers: _

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

first and second shield layers; and

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

- shield layers.

40. A combined MR read head and inductive write head including the MR
read head of claim 39, the combined head comprising:

an inductive coil embedded in an insulation stack;
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; - 9- F|g 7 shows the results from experinents wherein various thicknesses

of Permalloy (Ni[err]Fe[err]) are deposrted eﬁ—var—r—eus_undeu\ayers of

Ni[err]Fe[err]Cr[err] and alumna (Al[err]( W th various sputtering
techni ques. The results are shown in MR coeff m ag"ﬂlﬂmmm cknesses of
the Permalloy. The filled circles correzo:ond filmlayers
grown on a 50A underlayer of (Ni[err]Fe[err])[err]Cr err] Cddeposi tion
froma N [err]Fe[err] target and a pure Cr target was i nplenented to form
the (Ni[err]Felerr err er f ol L..owed 0Si £ 1 on_onpl romt he
Ni[err]Fe[err] LI't? \’%@%ﬁ L?B# P‘mﬂel eé\}%?*éﬁ“?‘beﬁf lzﬁtwe B %ragg‘r um
based Iaygéoona%lgbjeb@p apguar es correspond to Permal | oy deposited by DC
sputtering diréctly on an alumina |ayer. Manifestly the Permall oy deposi ted
on the chrom uﬂiﬂ)ﬁ&ﬁécanldagcemmtpolmplbc;eswmng spaced byl 2 dhied gapdayerqati 40 sant | y

i ncreased; MR coe E cients over the Permall oy deposited on the alum na | ayer
shown by Pﬁ? squar es. The hol | ow square shows Permall oy sputtered by
a DC magnetron at 350[err]C on alumna. It can be seen that the result
obtained is equivalent to the Permalloy |ayer deposited on the chrom um

. based | ayer shdwlvn byA miagnétic diskidrive irichling theoanbinad heal as tlaimed iniclaimnd

correspongﬁ ‘g) uttering of a Pernmalloy |ayer on alum na and
subsequent ’y H’WI%O[err]C Agai n, the one data point for

a frame;
a magnetic disk rotatably supported in the frame;

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

means for rotating the magnetic disk;

positioning. means connected to the support for moving the head to multiple

' positions with respect to said magnetic disk; and

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

combined head.

42.  An MR sensor as claimed in claim 38 wherein the cap layer includes
NiCr.

43.  An MR sensor as claimed in claim 38 wherein the cap layer includes
Ta.

.44. . An MR sensor as claimed in claim 33 including:
a second spacer layer including Ni,Fe,Cr, and interfacing with the MR stripe,

such that the MR stripe is sandwiched between the first and second spacer layers; and
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. this experinment shows an equival ent MR coefficient for the Permall oy as
Permal | oy deposited on the chroni um based | ayers shown by the—fi+I| ed
circles. The holl ow di anond corresponds to RF Per mal | oy

| ayer- on an alumina layer at high heat. It can unm ﬂ“ﬁwwﬂ s .dat a poi nt

t hat when high heat is enployed the M2lcoefficcie&ntcist '

experinments denonstrate that equival ent MR coefficients can be obt ai ned
with Permal |l oy deposited on (Ni[err]Fe[err])[err](Cr[err] at | ow heat as

t hat obtai ned m Per pal.l o Jo)s] I a_a ring or
after dep05|t|%5152 ga\}% au '5"? Qgg%g g‘%ﬁ sqgégnfggfr f%ﬁif}lg# "hﬁ t he
chr oni ursebsibgpateria eﬂisda{dvh@h\édﬁs&%vee@mb MROtEip® bfd &Y sofi ﬁhh%ﬂétitclla :
reactions betvveen t he Iayers and damage to other | ayers such as s i el d

| ayers. When tantalumis interfaced W|th Per mal | oy hi gh heat causes a

reaction at t ce V\/mch s.ev s t.h nt and
t he magnet o-r Qsté‘ﬂc@o E)EIJ F‘f‘ﬂ ?s gggregﬁ

gg;) % n ((1 e/() ris Wikk FohdreX -i6a hﬁiteﬁﬁos‘élec’ted\frﬁﬁl the %%uﬁ Bbrigsting BACONDAGE RE

()

46.  An MR sensor as claimed in claim 44 wherein the soft magnetic layer
consmts of a magnetic amorphous alloy contalmng Co.

47. An MR sensor as claimed in claim 44 including:
a cap layer interfacing with the soft magnetic layer, such that the soft magnetic -

layer is sandwiched between the second spacer layer and the cap layer.

48. An MR sensor as claimed in claim 47 wherein the cap layer is
composed of material selected from the group consisting of NiFeCr, Ta, NiCr,
NiCr/Ta and Ta/NiCr.

49.  An MR sensor as claimgd in claim 48 wherein x is substantially 60%,
Yy is zero and z is substantially 40%.

50. An MR read head including the MR sensor of claim 49 wherein the
read head comprises: |

first and second gap layers

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

first and second shield layers; and

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

shield layers.
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30% 1.7 5 40% 1.8 50%

1.1 The above chart shows the results of MR coeffi+cirentsfor three:

di fferent concentrations of chromium N FeCr and | nugef NI FeCr
deposited on the Permal |l oy | ayer. The depositi'oMﬂmmm‘%ﬁmgnetron
sputtering. Wien the chrom um concentrat2n is- ncoeffscient in
the Permall oy layer is 1.7% Wen the chromumcontent is increased to 40%
the MR coefficient Permalloy layer is 1.8% and when the chrom um
concentration i gl ncr . e Wl . Q‘ﬁfsin 5?@4]& S
chart shows that%lt he ‘%g@%é%e%cen i;erg ﬁgwygﬁpgﬁn&(ﬁ%tﬁht e E@ggﬂ ag;gr S
around 40%edd hdad ofradeitd 80) thelwinbihed heatd cmppéding: | ayers in an MR sensor
have high resistivity in order to limt shunti n%agf t he sense current. The

resistivity of tanén@pqtg@rcqilagrgbe%dénmgﬂgwrb ki m ranges from 120

m cro-onms per (ENSIRLSh stadk afld HefAlEGV L1l 6ARE SMAWALRET béifedn Birst and

m cro-ohns per centrneter 1or a o Chrom um contentration. Tests were run
to determ @écdnaqmq}éf,ﬁ%s;%dt.he Ni FeCr seedl ayer on magneto- striction of

- the Permal | oy I%)l/ers. The N FeCr_ seedl ayer causes onlt{kg m nor shift of
e first and second pole pieces being spaced by a gap layer at an air

bearing surface. -

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

a frame; .

a magnetic disk rotatably supported in the frame;

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

means for rotating the magnetic disk;

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

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

combined head.

53.  An MR sensor as claimed in claim 49 wherein the cap layer includes
NiCr.

.54. An MR sensor as claimed in claim 49 wherein the cap layer includes
Ta.
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.
.t*the magnetostriction toward nore negative val ues as conpared to a Ta
seedl ayer. Thermal Stability IB NiFe No (102A) / x / N Fe (150A) / x 25

Ta spacer (Xx) Ni FeCr spacer (x) As dep. : 1.94%
2.44% 250[err] C x 7h 1. 98% 2.49% + 350[err]C x 7h
1.45% 2.38% The chart shown herei nabove shows the thernal

stability of the MR sensor at various tenperatures for Ta spacer |ayers and
Ni FeCr spacer |ayers. A spacer |layer i's- deposited on a 102A thick soft
| ayer of Ni FeNb, a 150A thick Permalloy (N Fe) layer is deposited on the

spacer | ayer er_ layer is deposited on top of the Pernall oy
| ayer. The de%ﬁﬁgb%ggﬁ\%ﬁ&wlﬁms.%t H @QEFFHCIENR EDBIANCINGt s ar e
shown for the various ' ' ..The N FeCr spacer |ayer shows an MR
coefficient of 2.44% &éWﬁEL@MB@E%FE@RMS?M TY ayer when no
heat is apﬁ@%‘k&@ﬁ he | ayers. Wen the |ayers are heated at 250[err]C for
seven hours theé : :

An MR sensor with an improved MR coefficient and improved thermal
stability is provided by employing one or more chromium based spacer layers which
_are interfacially adjacent a Permalloy (NiFe) stripe. The chromium based spacer
layers may be NiFeCr or NiCr. The best compositions have been found to be
(NigFe,,)5,Cry and Nig,Cr,,. For NiCr the MR coefficient of the MR stripe is most
enhanced when the NiCr layér is deposited on a layer of tantalum (Ta). Further, when
the thicknesses of the NiFeCr and the NiCr layers are 25A and S0A respectively the
MR coéfﬁcients are optimized. Both spacer layers have a high resistance compatible

with low shunting of the sense current.
Fig. 2
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~results do not change nmuch, show ng the MR coefficient for the N FeCr
spacer.. I'ayer at 2.49% and the MR coefficient for the Ta spacer |ayer at
1.98% However, when the |ayers are subjected to heat at 350[err]C for
seven hours the MR coefficient has declined slightly for the Cr spacer
| ayer and the MR coefficient has declined dramatically for the Ta spacer
| ayer. The Permall oy thickness equival 6| oss28hen 350[err] C heat applied
results in a 4A thickness loss for the N Fe spacer |ayer and a 35A
t hi ckness ss.far_the Ta spacer_layer. A3 'E!e.rma.lJ_ny._equi\ualeJ:Lt.__.._.l
thickness [oss.is unacceptable. Accordingly, the N FeCr spacer |ayer
provi des i pproved thermal stability over the Ta spacer |ayer forwgg NR[
sensor. Fig. éS € | Npr ovemne 8Be MR coefficients foy MPsensors
wth various %

is kept

e oyi ng s\ Ni Cr spacer conpdred R iorjart MR.
sensors enpl oyi n he Ao Yoithe_so e E@i&i gg%@ﬁ MR
\ ant i 5. The oper]=4i T MO fhe

stripe thigkness
\\\prior art heads t hese Jarious thitkmesses:

MR coeffictents 24
filled cirfles show¥heMR coetiicFgnts for YR heads enploying the Ni G
spacer |aygers. Fromgi I be seefi 'that there is a significant
“inprovenent in MR S or e oy the Ni Cr spacer |ayer as conparkd to
g enpl oy the Ta spacer |ayers. Fig. 9 shops
MR coefficients?for 120A of Permalloy (N Fe)

the prior hrt MR sensors
t he variouF (,_28 |
I | "MOTOR | ]
- % : ™| CONTROL ||
e o e e e e T e e e |
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deposi ted -on various thicknesses of NiCr layers which are, in turn,
deposited on 50A of Ta for 20% and 40% chrom um concentrati ons. The
depositions were made by RF sputtering. This chart shows a very high MR
coefficient for a 50A NC layer with -12- a chrom um concentration of
40% When the chrom um concentration is dropped to 20% the MR coefficients
are significantly lower. The aforenentioned Ni FeCr and NN Cr | ayers are
general |y interchangeable for an inproweg MR sensor. The maxi num MR
coefficient in the MR stripe. is obtained when the concentration of the
chromumin the spacer |ayer is about 40% However, the maxi num MR '
coefficient is obtained at various seedl ayer thicknesses, depending on the
all oy or the deposition process. The maxi num MR coefficient entB@cenent is
obt ai ned at about 25A of Ni FeCr by ion beam sputtering, whereg the maxi num
i s obtained by about 50A for the NNCr |ayer as shown in Fig,/g§ The overal
i nprovenent of the MR coefficient in the 150A MR stripe enploying the

present invention as conpared )t'o a Ta undefaayer is abouHE)&{. The signal
enhancenent for : _
é MR 1—62
/ Ta . —— b6
Z SL 4—68
§ S
FIG. 8 Prior Art
/70 | - /72:
78—~ Cap NiFeCr or Ta | Cap NiCr or Ta —-s0
62— MR MR - - 52
f 'f : 14
74— NiFeCr I\ Nicr o Nice/Ta  —1-76

1/////////////// t////////////////)
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a 150A MR head with SL biasing is approximately 20% As shown by the
previous charts, there is inproved thermal stability of the MR sensor at
350[err] C and. above. This will allow the sense current to be at a hi gher

| evel which will inprove the efficiency of the head. Further, the present

I nvention is conpatible with Co based anorphous soft |ayers which are used
for transversely biasing the MR stripe. Cearly, other enbodi nents and
nodi fications of this invention will ocgug readily to those of ordinary
skill in the art in view of these teachings. Therefore, this invention is
to be limted only by the follow ng clains, which include all such

enbodi ments and nodi fications when viewed in conjunction with the above
speci fication and acconpanyi nd&ir awi ngs. The cl ai ns defgigni ng t he

i nvention are as follows: 1. :

an MR stripe including Ni Fe; Jand a first spacer l|layer ingluding a zero
magnetic nonmept Ni[err]Fe[err]Cr[err] alliy that interfaces the MR strijpe

where x, vy an%:1—aLE—pELCEﬂLagES—Li_liq—JQ i — |
78=7~ Cap NiFeCr or Ta Cap NiCr or Ta 80

s2-~ MR { MR | 82
74 NiFeCr 1}2 NiCr or NiCr/Ta - 76
s

: ]’ } 92
90 SL

V77T

FIG. 54 o FIG. 5B
a4 -/96
Cap ' _ Cap
90~ sL | SL 92
QSJT . NiFeCr ) NiCr or NiCr/Ta —}100

52"% MR MR ‘3\62

\
0o
74-5\ | NiFeCr | }{ NiCr }- &
" V///////////// AN S

FIG. 64 FIG. 6B

A magnet oresi stive (MR) sensor conprising:



-and the x,-y and z percentages being selected to optinize an MR coefficient
and thermal stability of the MR stripe. 2. An MR read head i ncl udi ng
the MR sensor of claim 1l wherein the read head conprises: first and second
gap layers; the MR sensor being sandw ched between the first and second gap
| ayers; first and second shield layers; and the first and second gap | ayers
bei ng sandw ched between the first and second shield |ayers. 3. A

conbi ned MR read head and inductive wiye head including the MR read head
of claim2, the conbi ned head conprising: an inductive coil enbedded in an
i nsul ati en stack; the insulation stack and the inductive coil being

sandw ched between first and second pol e pieces; and the first and second
pol e pi eces being spaced by a third gap |ayer at an air bearing surface. 4.
A magnetic disk drive including the conbined head as clainmed in claim3,

the Magnetoresistance vs Thickness

3.5 -
. " - . ®
3 : e D
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NiFe Thickness (A}

Legend:

® On NiFeCr

© On Al203

4 DC dep at 350C
A RF ann. at 500C
B RF as dep.

FIG. 7
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«rive conprtsing: a franme; a magnetic disk rotatably supported in the
frame; a support nounted on the frane for supporting the conbined head in a
transducing relationship with the nagnetic disk; nmeans for rotating a
magneti c di sk; -14 - positioning means connected to the support for
noving the head to multiple positions with respect to said magnetic disk;
and neans connected to the head, to the nmeans for rotating the magnetic

di sk, and to the positioning nmeans for 3xchangi ng signals with the conbi ned
head, for controlling novenent of the magnetic disk and for controlling the

- position of the conbi-ned head. 5. An MR sensor as clainmed in claim1l
wherein the first spacer |ayer has a thickness that maxi m zes the MR
coefficient of the MR stripe. 6. An MR sensor as clainmed in claiml

wherein y is greater than zero.

Mugnetoresistahée: SL/'Spo.cer X/MR/Cap

3
: : *
2.5-—r L N L R I B
: . o
2_0
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~ . . .
o . . .
.U ~. L) .
T
S5 —~+ - - - .:. . . .:. .« o e { « e e .
0 1 —— r
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MR thickness {A)

Legend:

& X=Ta / NiCr
© X = Ta
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> 7. - An MR sensor as clainmed in claim6 including: a soft magnetic |ayer

interfacing wwth the first spacer |ayer, the first spacer |ayer being
sandwi ched between the soft magnetic |layer and the MR stripe. 8. An MR
sensor as clained in claim7 wherein the soft magnetic |ayer is N FeX where
Xis a mterial selected fromthe group consisting of C, Nb and Rh. 9. '
An MR sensor as clained in claim7 wherein the soft magnetic | ayer consists
of a magnetic anorphous alloy containfd§ Co. 10. An MR sensor as clai med
inclaiml whereiny is zero. 11. An MR sensor as clained in claim 10
including: a soft magnetic |layer interfacing with the first spacer |ayer,
such that the first spacer |layer is sandw ched between the soft nagnetic

| ayer and the MR stripe. 12. ~An MR sensor as clained in claim 11l wherein
the soft magnetic layer is NiFeX where X is a material selected fromthe
group consisting of Cr, Nb and Rh. -15 - 13. An MR sensor as cl ai ned

in claiml1ll wherein the soft magnetic | ayer consists of

Underlayer Thickness dependence
Ta{50}/NiCr(X)/NiFe{120} on 1" glass+Al203

2.6

2.5-— e e o oe e
24 < ...

%

.2.3—"--; ------ -o-oo--E---o-u

D I Y £ S

drR/R

NiCr{A)
Legend:
o Cr: 40%
-0-.Cr: 20%
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| I oy contai ning Co.
rsecond spacer |ayer 7 %%u
he MR stripe, such that t
Indl second spacer |ayers; and

ﬂ

where X |s

MR sensor as cl ai Aeteofl gxistsdp provideenaseriayoradinse T ARy A BCHS e
VRIEEREELRA O] G idmal AR oLHO MR SETR %“e & f’“‘r?aa"n??ﬁa?@g%e??r

ad..betmoed the MR stripe and the soft

conS| st s of laaremagnet I C am)rphous all oy containing Co. 17.

t t MR ;
(T oot opacer | ayef tord SRR -GSS Broa%%naefw@%a%aéfﬁﬁ%ﬁﬁ?%“%@% e,
al l oy that Slﬁilﬁli‘flﬁCIQStallh;ecWeﬁt fo fie, makeeiak of . thy MRUstdApélr getpledsCstd agagnetit

Ni, Fe and O respectively, and the z percentage being 50%or less. 18.
An MR read FOR#fncl uding the MR sensor of claim 17 wherein the read head

conpri ses:

SUMMARY OF THE INVENTION

We have discovered that when NiggFe;,Cry is employed as a seedlayer, the MR
coefficient of a Permalloy MR stripe is increased 25% to 30% over a Ta seedlayer.
Further, the thermal stability is increased so that the sense current can be increased. A
NigoCrg seedlayer can also be employed, either alone or grown on a Ta layer. If the
NigpCrap seedlayer is on Ta, the MR coefficient can be 30% larger than for Ta by itself.
The NiggFe;2Crag layer or the NigoCrgo layer can be employed as a seedlayer, spacer layer
or a capping layer. When the layer is employed as a seedlayer or a spacer layer it will be
referred to as a spacer layer which abuts the MR stripe. When the MR layer is grown on
the spacer layer the spacer layer serves as a seedlayer as well as a spacer layer; when the
spacer layer is grown on the MR stripe it serves as only a spacer layer. The concentration
of Cr in the alloy is within a fairly narrow range of 20% to 50%, with the best
concentration being about 40%. In this range the alloys examined had zero magnetic
moment.

Tests have shown that a Permalloy MR'%tripe grown on a spacer layer of
NiggFe12Crao results in a significantly improved grain structure. The improvement is
manifested by much larger grains with fewer defects. It is believed that this improved
grain structure significantly contributes to increasing the MR coefficient of the MR stripe.

According to an aspect of the present invention, there is provided a
magnetoresistive (MR) sensor comprising:

an MR stripe including NiFe; and

a first spacer layer including a zero magnetic moment NiFeyCr, alloy that
interfaces the MR stripe, where x, y and z are percentages of Ni, Fe and Cr respectively;
and

the x, y and z percentages being selected to optimize an MR coefficient and
thermal stability of the MR stripe.

. w@igf;@ @gf
2 et gne Ppg & paged hod

acing wth t he fsecond spacer | ayer,4such tfhat the second spacwpljﬁz
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first and second gap | ayers: the MR sensor beit ‘. g BRI 1S e
first and second gap layers; first and SGCOﬂd%SgIG'd Iayers
and second gap | ayers bei ng sandw ched bet weet
Iayers -16- 19. A conbined MR read heag
i ncluding the MR read head of claim 18, -f4ge cdi
I nductive coil enbedded in an insulation staclff__;t he i nsul at'i_on

the i nductive coiAccouling teaumtherhwebiebﬁ\ﬂhﬂ 1iresSEt Teveitionic thede golproyided e ;
and the first and 5690’21{1@% pi eces being spaced by a third gap | ayer at
an air bearm?%‘e%?qi%‘tﬁ’g sens°"ﬁ(°’ﬁ’ﬁ§ﬁ‘€$1 ¢ disk drive including the conbined

head as cl ai ned 'aﬁlﬁkash%e]ﬁcluhﬂl%ﬁ'ﬁeve conpri si ng:

a first spacer layer including a zero magnetic moment Ni,Fe,Cr, alloy that

interfaces the MR stripe, where x, y and z are percentages of Ni, Fe and Cr respectively;

and

the z percentage being 50% or less.

According to another aspect of the present invention, there is provided a
magnetoresistive (MR) sensor comprising:

an MR stripe including NiFe;

a first spacer layer including a zero magnetic moment Ni.Fe,Cr, alloy that
interfaces the MR stripe, where X, y and z are percentages of Ni, Fe and Cr respectively;

and

the z percentage being in the range of 20%-50%.

According to another aspect of the present invention, there is provided a
magnetoresistive (MR) sensor comprising:

an MR stripe including NiFe;

a first spacer layer including a zero magnetic moment NisFe,Cr, alloy that
interfaces the MR stripe, where x, y and z are percentages of Ni, Fe and Cr respectively;
and

the x percentage being substantially 40%.

According to another aspect of the present invention, there is provided a
magnetoresistive (MR) sensor comprising:

an MR stripe including NiFe;

a first spacer layer including a zero magnetic moment Ni,Fe,Cr, alloy that
inteifaces the MR stripe, where x, y and z are percentages of Ni, Fe and Cr respectively;
and

| the x percentage being substantially 48%, the y percentage being substantially
12% and the z percentage being substantially 40%.



a frame; a magnetic disk rotatably supported in the franme; a support
‘nounted on the frane for supporting the conbined head in a transducing
relationship with the nagnetic disk; neans for rotating a magnetic di sk;
posi tioni ng neans connected to the support for noving the head to nultiple
positions with respect to said nmagnetic-dbsk; and neans connected to the
head, to the neans for rotating the nmagnetic disk, and to the, osit,ig&ﬂ ng
means for exchandlaegrding fal anofier nasppet b the peeseplc davention, therg ip nrpyiged 2
novenent of_ the madneti isk and for. controlling the position of the
conbi ned h&XEY E.’S%twe © sgﬁg(glpp%%mg.l aimed in claim17 including: a soft
magnetic | ayer i phoiRaGipin¥uliihgNi®ef | rst spacer layer, the first spacer

| ayer bei ng sandw ched between tghe soft magnetic |layer and the. MR stripe.
22. An MR sensofirshspeteni laper including a Zto whagnetie momentoNi.Fay(imeadlioy thayer
is NNFeX where. X is a material selected fromthe group. consi,sti ng of. ,
and Rh. 23 intertaces VIR GG, WECTEI % A0 % O PPHPRIAES Yiidh r‘v'nmfirér Igeectvely;

magneti c | avg" consi sts of a nmagnetic anorphous all oy containing Co.

the y percentage being greater than zero;

a soft magnetic layer interfacing with the first spacer layer, the first spacer layer
being sandwiched between the soft magnetic layer and the MR stripe;

a capping layer that is an outermost layer of the MR sensor; and

the capping layer being selected from the group consisting of NiFeCr, Ta,
NiCr/Ta and Ta/NiCr.

According to another aspect of the present invention, there is provided a
magnetoresisti\_re (MR) sensor comprising:

an MR stripe including NiFe;

a first spacer layer including a zero magnetic moment Ni.Fe,Cr, alloy that
interfaces the MR stripe, where x, y and z are percentages of Ni, Fe and Cr respectively;

a second spacer layer including Ni,Fe,Cr, interfacing the MR stripe, such that
the MR stripe is sandwiched between the first and second spacer layers;

a soft magnetic layer interfacing with the second spacer layer, such that the

second spacer layer is sandwiched between the MR stripe and the soft magnetic layer; and
the x percentage being substantially 48%, the y percentage being substantially
12% and the z percentage being substantially 40%.

According to another aspect of the present invention, there is provided a
magnetoresistive (MR) sensor comprising:

an MR stripe including NiFe;

a first spacer layer including a zero magnetic moment NisFe,Cr; alloy that
interfaces the MR stripe, where x, y and z are percentages of Ni, Fe and Cr respectively;

and REPLACEMENT SHEET

the y percentage is zero;
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-17- 24. A magnetoresistive (MR) sensor conprising: an MR stripe

i ncluding NiFe; a first spacer layer including a zero nagnetic nonent
Ni[err]Fe[err]Cr[err] alloy that interfaces the MR stripe, where x, y and z
dre percentages of Ni, Fe and C respectively; and the z percentage being
in the range of 20% 50% 25. A magnet4resi stive (MR) sensor conpri sing:
an MR stripe including N Fe, a first spacer layer including a .zero nmagnetic
monent Ni [ er r | Fep &pftpeagngtic Jaysr misriacing thefirst spacerslayere sygk Hhﬁz{fs & x,
y and z ar er f N o F . : [ > . the x percentage
bei ng sub_sﬁg _ﬁsgﬁ&ﬁ%é%e%génme%oﬁ%gd&%#Iéglgtga?ll v%?%fﬁgg’nsor conpri si ng:
an MR stripe | nChBEb;ﬂ% DlvEethafis lah lbatenfBstdgyer bAMRMREehsbH il & zer o magnetic

nmonment Ni[err]Fe[herr] r[err] _ alloy that ) ..
e capping layer being composed of material selected from the group consisting

of NiFeCr, Ta, NiCr, NiCr/Ta and Ta/NiCr.

According to another aspect of the present invention, there is provided a
magnetoresistive (MR) sensor comprising:

an MR stripe including NiFe; _

a first spacer layer including a zero magnefic moment Ni,Fe,Cr, alloy that
interfaces the MR stripe, where X, y and z are percentages of Ni, Fe and Cr respectively;

the y percentage being zero;

a second spacer layer including NiFe,Cr, and interfacing the MR stripe, such
that the MR stripe is sandwiched between the first and second spacer layers;

a soft magnetic layer interfacing the second spacer layer, such that the second
spacer layer is sandwiched between the MR stripe and the soft magnetic layer;

a capping layer that is an outermost layer of the MR sensor; and
the capping layer interfacing the soft magnetic layer such that the soft magnetic

layer is sandwiched between the second spacer layer and the capping layer.

Other objects and advantages of the invention will become apparent by referring

to the following description and accompanying drawings.

L.
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interfaces the MR stripe, where x, y and z are percentages of N, Fe and Cr
respectively; and the x percentage being substanti al lﬁ 48% the y
* ¢

percentage being substantially 12% and the z perc m”m’mﬁt eimt ially
e, .

40% 27. A magnet oresi stive (MR) sensor conpri H'
including Ni Fe; a first spacer layer incli3ding a zero megnéti ¢ ndnent

Ni[err]Fe[e er al | .that. interfaces the MR stripe, where x, y and z
are percentgé%ga%?s%ﬁm%&éweéw?é?ﬁé PYEFy; and the y percentage being
greater than zero; a soft magnetic layer interfacing with the first spacer

| ayer, the first spacer |layer being sandw ched between the soft nagnetic
|l ayer and the MR Atpagnstoresistiyg MRy seBSPE COMRHFINES an out ernost | ayer of the

MR sensor; and a5 ik siiBei '

;&tgﬁﬂ, Mifteygd being selected fromthe group
consisting of N FeCr, Ta, N A N o

a first spacer layer including a zero magnetic moment NixFe,Cr, alloy that
interfaces the MR stripe, where x, y and z are percentages of Ni, Fe and Cr respectively;
and

the x, y and z percentages being selected to optimize an MR coefficient and
thermal stability of the MR stripe.

2. An MR read head including the MR sensor of claim 1 wherein the read head
comprises:

first and second gap layers;

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

first and second shield layers; and

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

shield layers.

3. A combined MR read head and inductive write head including the MR read head
of claim 2, the combined head comprising:

an inductive coil embedded in an insulation stack;

the insulation stack and the inductive coil being sandwiched between first and
second pole pieces; and

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

bearing surface.

4, A magnetic disk drive including the combined head as claimed in claim 3, the
drive comprising: '

a frame;

a magnetic disk rotatably supported in the frame;

a support mounted on the frame for supporting the combined head in a

transducing relationship with the magnetic disk;

means for rotating a magnetic disk; | REPLACEMENT SHEET
15 FEB 2001
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An MR sensor as clainmed in claim?27 wherein the soft magnetic |ayer
|s Ni terial selected fromthe group consisting of C, Nb
and Rh?"lﬂ"ﬂ""l“"llmmsor as clainmed in claim27 wherein the soft
magnetic | ayer cobnsist*s of a magnetic anorphous alloy containing Co. 30.

An MR sensor as clainmed in claim27 wherigih x is substantially 48% vy is

substantially 12% and z is substantially 40% 31. An MR read head
i ncl udi ng the MRPesiiQIung aicans gpmattediiocthsi supppr @éé@‘ﬁ%@“’chﬁ% fos gltiple 5t

and second a sens sandwi ched between the first and
second gapP %ﬁ%\%ﬁﬂ@gﬁd&%ﬁ %‘ ‘ﬁ?ekela‘gdl ayers; and the first and second
gap | ayer s bel N gRcunGaae: RPUERAI 16 e tdils BRRMESRORY nilphelslisRymat0 32,
A conbi ned MR remg ead and Pﬁ%luctla?/e wite head incI uding the MR read head
of cl ai m 3the pdaftioninghineank Feackchanging signals with ithed varhbmed dleadl fertvodttellingn an

i nsul ation stack; the insulation stack and.the inductive coil  being
sandwi chedmezemertofithe magnstie M"b@mﬁmﬂi%@§ pogitign of the combined head.

5. An MR sensor as claimed in claim 1 wherein the first spacer layer has a

thickness that maximizes the MR coefficient of the MR stripe.
6. An MR sensor as claimed in claim 1 wherein y is greater than zero.

7. An MR sensor as claimed in claim 6 including:
a soft magnetic layer interfacing with the first spacer layer, the first spacer layer

being sandwiched between the soft magnetic layer and the MR stripe.

8. An MR sensor as claimed in claim 7 wherein the soft magnetic layer is NiFeX

where X is a material selected from the group consisting of Cr, Nb and Rh.

9. An MR sensor as claimed in claim 7 wherein the soft magnetic layer consists of

a magnetic amorphous alloy containing Co.
10. An MR sensor as claimed in claim 1 wherein y is zero.

11. An MR sensor as claimed in claim 10 including:
a soft magnetic layer interfacing with the first spacer layer, such that the first
spacer layer is sandwiched between the soft magnetic layer and the MR stripe.

12. An MR sensor as claimed in claim 11 wherein the soft magnetic layer is NiFeX

where X is a material selected from the group consisting of Cr, Nb and Rh.
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the first and | eces being spaced by a third gap |layer at an
air bearing SJ‘E’M@ !’ ’ ”m gnetic disk drive including the conbi ned
head as cl ai med 1| ; '18he drive conprising: a frane; a magnetic

disk rotatably supported in the frame; a support nounted on the frane for
supporting the conbined head in a transddging rel ationship with the

" magnetic digk, neans for rotati.ng the magnetic .disk;, positioning neans
connect ed tl§- t he pansers “hﬂm%ﬁdn Ph@“ﬁgé@e{?}nmﬁ ﬁquq“@%iqﬁ"% (FSM r}f Rt
respect to | ' Lhfike RS connected to the head, to the

means for ragﬁéﬁeﬁg%@hﬁ’é‘ghgﬁﬁ‘?’g%g and to the positioning neans for

exchangi ng signals with the conbi ned head, for controlling novenent of the

magnetic disk and for controlling the position of the conbined.head. 34.
An MR sensdd. as AmMResknser aslclimeddn elasn d Dincleding:appi ng | ayer i ncl udes

a second spacer layer including NiFe,Cr, and interfacing with the MR stripe,

such that the MR stripe is sandwiched between the first and second spacer layers; and
a soft magnetic layer interfacing with the second spacer layer, such that the

second spacer layer is sandwiched between the MR stripe and the soft magnetic layer.

15. An MR sensor as claimed in claim 14 wherein the soft magnetic layer is NiFeX

where X is a material selected from the group consisting of Cr, Nb and Rh.

16. An MR sensor as claimed in claim 14 wherein the soft magnetic layer consists of

a magnetic amorphous alloy containing Co.

17. A magnetoresistive (MR) sensor comprising:

an MR stripe including NiFe; '

a first spacer layer including a zero magnetic moment Ni,Fe,Cr, alloy that
interfaces the MR stripe, where x, y and z are percentages of Ni, Fe and Cr respectively;
and

the z percentage being 50% or less.

18. An MR read head including the MR sensor of claim 17 wherein the read head
comprises: '

first and second gap layers:

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

first and second shield layers; and

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

shield layers.
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Ni FeCr. 35. An MR sensor as clainmed in claim 30 wherein the cappi ng

| ayer includes Ta. 36. A magnet oresi stive (MR ﬂ!"um]ﬂmwz MI an MR
stripe including NiFe; a first spacer |ayer includi

ndbnment Ni[err]Fe[err]Cr[err] alloy that interfaces the MR sttipe, *where x,
y and z are percentages of Ni, Fe and Cr1l6espectively; a second spacer

| ayer including N| [err]Fe r]Crlerr] interfacing the NR strjpe, such that
the MR strilfe is A EMRB@%Q@@H apg énductive Waiteh ?édﬁﬂ&d@ﬁéféeemwg@?&a

soft magnetl | nter second spacer |ayer, such that the
second spac&%l%ﬂ}ecoggjﬁ]g%}éne%g&o%‘gf'v\/ggn the MR stripe and the soft
magnetic |ayer; apdndht@ivé cBR eAMBARASn AR iMGIIAoRStRR{ i al |y 48% the y

per cent age bei ng substantially 12% and the z percent age being substantially
40% 37. An \Vrhe émssbation stack aandettie iinduetize w08 dewigesandwidhied bebfeennfangh end ¢

| ayer is NiFeX where X is material selected fromthe group consisting of
O, Nb and Seendgple pieces; sensor as clained in claim36 wherein the soft

magnetic layer cqpsils el sBolBYRT biecBBERRHRCA b9% BARE BhF 1A% Poan air

bearing surface.

20. A magnetic disk drive including the combined head as claimed in claim 19, the
drive comprising:

a frame;

a magnetic disk rotatably supported in the frame;

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

means for rotating a magnetic disk;

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

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

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

21. An MR sensor as claimed in claim 17 including:
a soft magnetic layer interfacing with the first spacer layer, the first spacer layer

being sandwiched between the soft magnetic layer and the MR stripe.

22 An MR sensor as claimed in claim 21 wherein the soft magnetic layer is NiFeX

where X is a material selected from the group consisting of Cr, Nb and Rh.

23. An MR sensor as claimed in claim 21 wherein the soft magnetic layer consists of
a magnetic amorphous alloy containing Co. REF LACEMENT SHEET
15 FEB 2081
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- 20 - 39. An MR sensor as clainmed in claim36 i |L.ha:._a cappi ng

| ayer that is an outernost | ayer of the MR sensor; HMF}M ﬂLer? ayer
interfacing the soft magnetic |ayer, such that the c er is
sdndwi ched between the second spacer |ayer and the capping |ayef. 40. An
MR sensor as clained in claim39 wherein-1he capping |ayer is conposed of
material selected fromthe group consisting of NNFeCr, Ta, NCr, N C/Ta
and Ta/ Ni Cr 2441. A magnqieresist SCHSQL GABEPTISHIES | ai m 40 wherein x i s
substantially 48% LS, substantial-ky 12% and z is substantially 40% 42.
An MR read head i 78 iswetlﬂguﬂ}ﬁgiékg’or of claim4l wherein the read head

conprises: first anfrsepand 1990 KA aligo Mignens thoRentNNi,F atlb§ Ckhat
between the first and second gap | ayers; first and second shield |ayers;
and the fi r shterfacts ke MR styipp, Whererxs yizadzare pexbeintapescoflidk, Weend iCraestectivelynd
second shield | ayers. 43. A conbi ned MR read head and inductive wite
head incl udi®®$ the MR read head

the z percentage being in the range of 20%-50%.

25. A magnetoresistive (MR) sensor comprising:

an MR stripe including NiFe;

a first spacer layer including a zero magnetic moment NiFe,Cr, alloy that
interfaces the MR stripe, where x, y and z are percentages of Ni, Fe and Cr respectively;
and

the x percentage being substantially 40%.

26. A magnetoresistive (MR) sensor comprising:

an MR stripe including NiFe;

a first spacer layer including a zero magnetic moment NiFe,Cr, alloy that
interfaces the MR stripe, where X, y and z are percentages of Ni, Fe and Cr respectively;
and .

the x percentage being substantially 48%, the y percentage being substantially
12% and the z percentage being substantially 40%. |

217. A magnetoresistive (MR) sensor comprising:

an MR stripe including NiFe;
a first spacer layer including a zero magnetic moment NiFe,Cr, alloy that interfaces the
MR stripe, where x, y and z are percentages of Ni, Fe and Cr respectively; and

the y percentage being greater than zero; _

a soft magnetic layer interfacing with the first spacer layer, the first spacer layer

being sandwiched between the soft magnetic layer and the MR stripe;

oo e A R &

a capping layer that is an outermost layer of the MR sensor; and REPLACEMENT SHEET

15 FEw 2001

R e R S s



of claim 42, the conbi ned head conprising: an inductive coil enbedded in an

i nsul ati on stack; the insulation stack and the i nduﬂmuﬂlmmu“ﬂmﬂm
sandwi ched between first and second pol e pieces; andj¥iy t econd

pol e pi eces being spaced by a third gap |ayer at an air beari'ng®sufface.
44. A magnetic disk drive including tR8-conbi ned head as clained in

claim43, the driyve conprising; .a frang; magnet i c _di sk. r.ot at abl.
stipported in the the &ﬁgpfmg lagersb%grsle?mnﬁg@ gﬁ BHPAPs ?Wupgroém%qrf i Ty
t he conbi ”%di‘ﬁ%danh"]i]a?Nfdra”Sd“Ci ng relationship with the magnetic di sk;
means for rotating the magnetic disk; positioning means connected to the
support for noving the head to nmultiple positions with respect to said
magneti ¢ di sk; and e
28. An MR sensor as claimed in claim 27 wherein the soft magnetic layer is NiFeX

where X is a material Selected from the group consisting of Cr, Nb and Rh.

29. An MR sensor as claimed in claim 27 wherein the soft magnetic layer consists of

a magnetic amorphous alloy containing Co.

30. An MR sensor as claimed in claim 27 wherein x is substantially 48%, y is

substantially 12% and z is substantially 40%.

31. An MR read head including the MR sensor of claim 30 wherein the read head
comprises:

first and second gap layers;

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

first and second shield layers; and

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

shield layers.

32. A combined MR read head and inductive write head including the MR read head
of claim 31, the combined head comprising:

an inductive coil embedded in an insulation stack;

the insulation stack and the inductive coil being sandwiched between first and
second pole pieces; and _

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

bearing surface.

33. A magnetic disk drive including the combined head as claimed in claim 32, the

drive comprising: REPL ACEMENT SHEET

a frame;
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‘means connected to the head, to the means for rotati-rg—the—-regretie—eisk,

and to the positioning neans for exchanging signals w#t head,
for controlling novenent of the nagnetic disk and fo mmlﬂ&lil “iﬁ m
position of the conbined head. 45. An MR sensor m 41
wherein the capping |ayer includes N Fed9 46. An VR sensor as cl ai ned

:rggﬁle?gpqeg}swsregl(‘gﬁ%nhg% gpl n%hi*a#/ é‘&gﬁﬂﬁg@“ gg i ncl ud| ng Ni Fe; a
first spacer laygr e@%hﬁ%c%%teﬁ 6ﬁrfﬁe g foft ﬁ@%ﬂing'\"tﬂee"cbﬂn%ﬁmf hddd [n%{]

alloy that inter stri re X, z are percentages of

Ni, Fe andu%sd@ﬁ{gq@hwﬁé}ﬁ w@mdhéhﬂgﬂem&ﬁﬂ@nt age is zero; a soft magnetic
Iayer interfacing the first spacer layer, such that the first spacer |ayer

i s sandwi ched betnwass fariretating themegnetic diskayer and the MR stri pe; a capping

| ayer that is an out.ernost |ayer of ns and. t ng_| (

bei ng corrposed oPOFHPRINE Jes| CAE, eﬁigg%ﬁgp}bqrg% %ﬂgﬁgs?ﬁ &bﬂog toﬁﬁng@%ﬁ%

Ta, Ni Cr yo I@wﬁﬂ‘ile} N})%dlé%n etic dAR: M3 sensor as clainmed in claim47
t t

wher ei n th magneti ayer Del ng
means connected to the head, to the means for rotating the magnetic disk, and to

the positioning means for exchanging signals with the combined head, for controlling

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

34, An MR sensor as claimed in claim 30 wherein the capping layer includes
NiFeCr.
35. An MR sensor as claimed in claim 30 wherein the capping layer includes Ta.
36. A magnetoresistive (MR) sensor comprising:
an MR stripe including NiFe;

a first spacer layer including a zero magnetic moment Ni,Fe,Cr, alloy that
interfaces the MR stripe, where X, y and z are percentages of Ni, Fe and Cr respectively;

a second spacer layer including Ni,Fe,Cr, interfacing the MR stripe, such that
the MR stripe is sandwiched between the first and second spacer layers;

a soft magnetic layer interfacing with the second spacer layer, such that the
second spacer layer is sandwiched between the MR stripe and the soft magnetic layer; and

the x percentage being substantially 48%, the y percentage being substantially
12% and the z percentage being substantially 40%.

37.. An MR sensor as claimed in claim 36 wherein the soft magnetic layer is NiFeX
where X is a material selected from the group consisting of Cr, Nb and Rh.

38. An MR sensor as claimed in claim 36 wherein the soft magnetic layer consists of

O e L T ——

a magnetic amorphous alloy containing Co. |REPL ACEMEN;" §}EET |
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Ni FeX where X is a material selected fromthe group consisting

and Rh. 49. An MR sensor as clainmed in claimd47 wher

magnetic layer consists of a magnetic anorphous alloy carm m M"M
22 - 50. An MR sensor as clainmed in claima47 wherein x 18 subsS

60% and z is substantially 40% 51. AROMR read head including the MR
sensor of Ial m5 erein the re ea .ses: first and second gap

| ayers; RSP thﬁmbéfc’\kﬁ iPgre f| rst and second gap

| ayers; f| rst an | aﬁ@cond gap | ayers
bei ng sandw chedqbcafﬁlgg E}E#%risn% oggfc% 7 e|te d Tayérs. 52. A

conbi ned MR read tieédpp ﬂ{gdl arduteifavigg\the soft hﬁgdeticriayergisum thiteth/Boft emgnétiad

of claim51, the corrbl ned head conpri sing:
layer is sandwiched between the second spacer layer and the capping layer.

40. An MR sensor as claimed in claim 39 wherein the capping layer is composed of

material selected from the group consisting of NiFeCr, Ta, NiCr, NiCr/Ta and Ta/NiCr.

41. An MR sensor as claimed in claim 40 wherein x is substantially 48%, y is

substantially 12% and z is substantially 40%.

42. An MR read head including the MR sensor of claim 41 wherein the read head
comprises:
first and second gap layers;
the MR sensor being sandwiched between the first and second gap layers;
' first and second shield layers; and
the first and second gap layers being sandwiched between the first and second

shield layers.

43. A combined MR read head and inductive write head including the MR read head
of claim 42, the combined head comprising:

an inductive coil embedded in an insulation stack;

the insulation stack and the inductive coil being sandwiched between first and
second pole pieces; and

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

bearing surface.

44, A magnetic disk drive including the combined head as claimed in claim 43, the
drive comprising: _
a frame; REPLACEMENT SHEET

a magnetic disk rotatably supported in the frame;
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an inductive coil enbedded in an insulation stack;’%k and
the i nductive coil being sandw ched between first 4@'@,@” | eces;
and the first and second pol e pi eces being spaced b ¢ ”llmzﬂ&/er at
dn air bearing surface. 53. A magnetic_disk drive inclluditgs conbi ned
head as claimed in claim52, the drive céhprising: a frame; a magnetic disk

rotatably supported in the fr X S ar t : .
sUupporting the CMW%OE% ﬁ’@,\%{ﬂlt?fadg%g ﬁ’rea#[égﬁc%%gg °§?‘.‘%§r@hs#§dvﬂs‘?‘i§ethﬁ*g‘{ n a
magnetic di@ﬁéﬁmﬁk{tﬁmﬁmﬁmtﬁgﬂa@&mg@t i ¢ di sk; positioning nmeans
connected to the support for nmoving the head to nmultiple positions with
respect to said maegmstforrotiting themdgmtizdisksonnected to the head, to the
means for rotating the magnetic disk, and to the positionin ans fort
exchangi ng si gnalP9sifioning mearsorpmeeigd Hafhe SPBPOI'&J& v the n@n’(n“gqpl? he

magneti ¢ dipsoléit%?lgwfi rrescp%gétg%ﬁdrﬁggr}eﬂgd%ﬁ?ﬁd on of the conbined head.

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

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

45. An MR sensor as claimed in claim 41 wherein the capping layer includes
NiFeCr.
46. An MR sensor as claimed in claim 41 wherein the capping layer includes Ta.
47. A magnetoresistive (MR) sensor comprising:
an MR stripe including NiFe;

a first spacer layer including a zero magnetic moment Ni.FeyCr, alloy that
interfaces the MR stripe, where X, y and z are percentages of Ni, Fe and Cr respectively;
and

the y percentage is zero;

a soft magnetic layer interfacing the first spacer layer, such that the first spacer
layer is sandwiched between the soft magnetic layer and the MR stripe;

a capping layer that is an outermost layer of the MR sensor; and

the capping layer being composed of material selected from the group consisting

of NiFeCr, Ta, NiCr, NiCr/Ta and Ta/NiCr.

48. An MR sensor as claimed in claim 47 wherein the soft magnetic layer being

NiFeX where X is a material selected from the group consisting of Cr, Nb and Rh.

49, An MR sensor as claimed in claim 47 wherein the soft magnetic layer consists of

a magnetic amorphous alloy containing Co. REPL ACEMENT SHEET :
15 FEB 2001
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. HEVLALDIVLN S D2
-23 - 54. " VR sensor | ai med in claimb50 wherein the capping | ayer
includes Ni Q. 555, FEBAR isdnsor as claimed in cl ail |“mm|"m
capping layef |ncludes Ta. : A magnet or esi stive I(8 ! !; : ,
conprising: &n Stripe inclugding NiFe; a first spacer | ayér fncluding a

zero magneti ¢ moment. N.eskFeferr] Or[eref-alloy that interfaces the MR

stripe, wh , . t. L. F i :
y percent a?g?b)e(i rfé" g)gg(i%n%;g’ﬁc%gat[\%%@bligga?mfigy%eﬁe%gfggg%bg%mﬁﬁﬁy%% 4 Yois ' e
Ni[err] Fe[esm’,;c}gt[ grjo%}nd interfacing the MR stripe, such that the MR

stripe is sandw chéd between the first and second spacer |ayers; a soft
magnetic | ayer interfacing the second spacer |ayer, such that the second

spacer |l ayer is sandw ched between th stripe and t of t. magnet.i.c
|l ayer; a cadpi ng AmMR reshbeadsinglyding: P%Egtsep%i’y’é?f qamy E@‘ﬁ%ﬁr@%g@%ﬁa‘l&}?ﬁdt he
cappi ng | ayer irgtserfaci ng the soft magnetic |ayer such that the soft
magnetic | é’?g’rpni ®-sandwi ched between the second spacer |ayer and the
cappi ng | ayer. 5%rst andAecddd gepllagis;as clained in claim56 wherein the soft
magnetic | ayer is N FeX

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

first and second shield layers; and

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

shield layers.

52. A combined MR read head and inductive write head including the MR read head
of claim 51, the combined head comprising:
an inductive coil embedded in an insulation stack;
- the insulation stack and the inductive coil being sandwiched between first and
second pole pieces; and
the first and second pole pieces being spaced by a third gap layer at an air

bearing surface.

53. A magnetic disk drive including the combined head as claimed in .claim 52, the
drive comprising:

a frame;

a magnetic disk rotatably supported in the frame;

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

means for rotating the magnetic disk;

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

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

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



where X is a material selected fromthe group c nd Rh.
58. An MR sensor as clained in claimb56 V\/nerel et i c. | ayer
consi sts of a nmagnetic anorphous all oy containing M Lu | lm sensor
as clainmed in claim56 wherein the capping | ayer terial
sel ected fromthe group consisting of N-EeCr, Ta, NICr, NNCr/Ta and

Ta/ N Cr. sensor as. cl ai ai.n 59 wherein x i

substantlal 'H/ 609 ﬁax’ﬁ‘feﬁsgr% lpgf ﬁdvc}&ef% e°aPRH*&3?eY?fé3‘i}“ﬁ1Fé&%'Cf

i ncluding the MR sensor of claim®60 wher ein the read head conpri ses:

first and second gap |ayers; the MR sensor being sandw ched between the
first and s3s;ond gapMR3sesosas ¢laihsdd i kthimaOomtreihitled chpbimedager incladdstEa. f i r st
and second gap | ayers being sandw ched between the first and second shield
| ayers. 62. A conbi ned MR read head and inductive wite head incl udi ng
the MR read g1ead

A magnetoresistive (MR) sensor comprising:
an MR stripe including NiFe;
a first spacer layer including a zero magnetic moment Ni,Fe,Cr, alloy that
interfaces the MR stripe, where X, y and z are percentages of Ni, Fe and Cr respectively;
the y percentage being zero;
a second spacer layer including Ni,Fe,Cr, and mterfacmg the MR stripe, such
that the MR stripe is sandwiched between the first and second spacer layers;
a soft magnetic layer interfacing the second spacer layer, such that the second
spacer layer is sandwiched between the MR stripe and the soft magnetic layer;
a capping layer that is an outermost layer of the MR sensor; and
the capping layer interfacing the soft magnetic layer such that the soft magnetic

layer is sandwiched between the second spaée:r layer and the capping layer.

57. An MR sensor as claimed in claim 56 wherein the soft magnetic layer is NiFeX
where X is a material selected from the group consisting of Cr, Nb and Rh.

58. An MR sensor as claimed in claim 56 wherein the soft magnetic layer consists of

a magnetic amorphous alloy containing Co.

59. An MR sensor as claimed in claim 56 wherein the capping layer is composed of

material selected from the group consisting of NiFeCr, Ta, NiCr, NiCr/Ta and Ta/NiCr.

60. An MR sensor as claimed in claim 59 wherein x is substantially 60% and z is
substantially 40%.

61. An MR read head including the MR sensor of claim 60 wherein the read head
15FEB 2001
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of claim®6l, the conbined head conprising: an inductive coil enbedded in an
i nsul ati on stack; the insulation stack and the Lﬁduﬁl_b%g

sandw ched between first and second pole pieces; and the first and second
pol e pi eces being spaced by a third gap.|ayer at 'mum ' urf ace.

63. A magnetic disk drive including +2&-conbi. u"mm"ﬂ' din
claim62, the drive conprising: a frame; a magnetic @i sk Mot &t abl y
stpported in thefirstand seeond g8p&A¥erssount ed on the frame for supporting the

conbi ned head in_a nsdu :egr%gagh@}cikxgﬁlﬁ%emﬁe%ﬁ%d%%dé@1 Ik, neans

for rotating the 10, ositronrng nmeans connecte o0 the support

for nmoving the hegg shQ sBddntisRleRd R9Ssiddns Wi th respect to said magnetic
di sk; and neans connected to the head, to the nmeans for rotating the

magnetic di sk, anist fisstahé spamidi gapriayes fetngssahdwiched hatwenghe ifigttamd seeemd ¢ he
combi ned head, for controlling novenment of the magnetic disk and for
controlli nghlﬁkblaﬁﬁi tion of the conbi ned head.

62. A combined MR read head and inductive write head including the MR read head
of claim 61, the combined head comprising:

an inductive coil embedded in an insulation stack;

the insulation stack and the inductive coil being sandwiched between first and
second pole pieces; and

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

bearing surface.

63. A magnetic disk drive including the combined head as claimed in claim 62, the
drive comprising:

a frame;

a magnetic disk rotatably supported in the frame;

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

means for rotating the magnetic disk;

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

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

movement of the magnetic disk and for controlling the position of the combined head.
64. An MR sensor as claimed in claim 60 wherein the capping layer includes NiCr.

65. An MR sensor as claimed in claim 60 wherein the capping layer includes Ta.
IREPLACEMENT SHEET
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64. An MR sensor as clained in claim60 wherein the cappi ng | ayer
includes Ni Cr. 65. An MR sensor as clained in claim®60 wherein the
cappi ng layer includes Ta. e TR

. -25-

MAGNETORESISTIVE (MR) SENSOR WITH COEFFICIENT ENHANCING

LAYER THAT PROMOTES THERMAL STABILITY
ABSTRACT |

An MR sensor with an improved MR coefficient and improved thermal
stability is provided by employing one or more chromium based spacer layers which
are interfacially adjacent a Permalloy (NiFe) stripe. The chromium based spacer
layers may be NiFeCr or NiCr. The best compositions have been found to be
(NigFe,)4oCr,o and Nig,Cr,,. For NiCr the MR coefficient of the MR stripe is most
enhanced when the NiCr layer is deposited on a layer of tantalum (Ta). Further, when
the thicknesses of the NiFeCr and the NiCr layers are 25A and 50A respectively the
MR coefficients are optimized. Both spacer layers have a Iﬁgh resistance compatible

with low shunting of the sense current.

Fig. 2

: : GNT S
ABEES 2001

mmemari— Ty WY YN WO Sane  gastaad



