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Field of the Invention The present invention relates to a

magnet oresi stive (MR) sensor with a soft adjacent |ayer (SAL) having high
magneti zation, high resistivity, |ow i fitrinsic anisot ropy and near zero
magnet ostriction, wherein the sensor is an anisotropic MR sensor or a spin
val ve sensor. 2. Description of the Related Art A wel | - known
magnet or esi MAGNETERESISTIVENSENSOR WITH Y ISOET ADJACENT LAYER
HAVING HIGH MAGNETIZATION, HIGH RESISTIVITY, LOW
INTRINSIC ANISOTROPY AND NEAR ZERO MAGNETOSTRICTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a magnetoresistive (MR) sensor with a soft
adjacent layer (SAL) having high magnetization, high resistivity, low intrinsic
anisotropy and near zero magnetostriction, wherein the sensor is an anisotropic MR
sensor or a spin valve sensor.
2. Description of the Related Art

A well-known magnetoresistive (MR) head configuration employs an
anisotropic magnetoresistive (AMR) sensor sandwiched between a first gap layer and
a second gap layer. These gap layers are, in turn, sandwiched between a first shield
layer and a second shield layer. An AMR sensor typically includes a ferromagnetic
MR stripe and a layer of soft magnetic material spaced from the MR stripe by a
spacer layer of insulative material. The layer of soft magnetic material, referred to
as the "soft adjacent layer" (SAL), produces a transverse bias in the MR stripe. In this
regard, an MR stripe has a magnetic moment which is biased at an angle to an air
bearing surface (ABS) of the head by the SAL. Other layers in an AMR sensor may
include a seedlayer for the MR stripe and a capping layer. First and second leads are
connected to the MR sensor for conducting a sense current through the sensor. When
the MR stripe is in a magnetic field emanating from a moving magnetic medium, such
as a rotating magneﬁc disk, the resistance of the MR stripe changes according to the
function cos? §, where 6 is the angle of the magnetic moment to the ABS. With a
constant sense current, the resistance change produces a voltage change that is detected
as a readback signal.

The bias produced by the SAL depends upon the sense current. When the

sense current is conducted through the MR stripe, the MR stripe produces 2 sense



anisdtropic magnet oresi stive (AMR) sensor sandw ched between a first gap
l.ayer and a second gap-|layer. These gap |layers are, in turn, sandw ched
between a first shield layer and a second shield | ayer. An AMR sensor
typically includes a ferromagnetic MR stripe and a | ayer of soft nagnetic
mat eri al spaced fromthe MR stripe by a spacer |ayer of insulative
material. The | ayer of soft magnetic naterial, referred to as the "soft
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upon the sensé current. Wien the sense current is conducted through the MR
stripe, tcomuRnsbecapss ip dosuras sequirsemsaparate current source. However, it is known
that a SAL shunts a portion of the sense current between the first and second leads,
which are connected to all of the layers of the AMR sensor. Accordingly, it is
important that a SAL material be selected that has a high resistance without sacrificing
other desirable properties for a SAL. | |
The desifable properties for a SAL are as follows:
(1) high resistivity;
(2) high magnetization;
(3) soft magnetic properties;
(4) near zero magnetostriction;
(5) thermal stability;
(6) corrosion resistant;
(7) low MR coefficient; and
(8) low coercivity.
High resistivity has already been explained. High SAL magnetization desirably
maximizes the bias of the MR stripe. Soft magnetic properties are important because
the material can be saturated with a small applied field (Hy). An H; of less than 15
Oe is desirable. Near zero magnetostriction is important to minimize a stress-induced
anisotropic field. The stress-induced anisotropic field either adds to or subtracts from
the intrinsic anisotropic field of the SAL, depending upon whether magnetostriction
is positive or negative. The magnitude of a stress-induced anisotropic field is

unpredictable and can increase dramatically after lapping the ABS of the head.



-2- " current field that is coupled to the SAL. This causes the SAL to
produce a demagneti zation (demag) field or stray field that is coupled to
the MR stripe. The field coupled to the MR stripe rotates the magnetic
nonent of the MR stripe froma position parallel to the ABS to an angle to
the ABS. At a rotation of 45[err], theéyR stripe is biased to a generally
| inear portion of its response curve. her schenmes have been proposed for
bi asing the MR stripe, however, the SAL schene is the nost common because
it does not require a separate current source. However, it is known that a
SAL shunts a p&t ti$ dmpoftanthshatethse S&lr mesieridl ebsvcthermally siapler durigg skiebnd
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Since an edge of the SAL is exposed at the ABS it is important that the
material selected for the SAL be corrosion resistant. Corrosion changes the properties
of the material. The resistance to corrosion is also important for enhancing the
thermal stability of the head. If the material is corrosion resistant the material is less
likely to change its composition by reacting with adjacent thin film layers. As is
known, such a change in composition can dramatically change the properties of the
SAL material. |

A low MR coefficient is important so that the SAL does not compete with the
MR coefficient of the MR stripe. It is also desirable that the magnetization of the
material is uniform and that its magnetic moment can be smoothly switched upon the
application of positive and negative applied fields.

A typical material employed for the SAL is NiFeCr. NiFeCr exhibits the
above properties to an acceptable degree. However, if one or more of these properties
can be improved, the performance of the head can be dramatically improved. For
instance, if the magnetization of the SAL material can be improved then the resistance
of the SAL can be improved. Assume that a predetermined bias field is required to
bias the MR stripe and that material A with a predetermined thickness will supply the
required bias field. Assume that material B has a higher magnetization than material
A and has approximately the same resistivity as material A. Then a thinner layer of
material B can be employed for supplying the required bias field. Furthermore, the
resistance of the SAL will be higher with material B than with material A. Therefore,
use of material B will reduce shunting of the sense current through the SAL.
Manifestly, careful selection of a soft magnetic material may result in improvement

in SAL performance in more than one respect.



(3) soft magnetic properties; (4) near zero magnetostriction;

(5) thermal stability; (6) corrosion resistant; ~ (7) Tow MR
coefficient; and (8) low coercivity. H gh resistivity has

al ready been expl ained. H gh SAL magnetization desirably maxin zes the
bias of the MR stripe. Soft magnetic properties are inportant because the
material can be saturated with a snall -4pplied field (Herr]). An Herr] of
|l ess than 15 O©e is desirable. Near zero magnetostriction is inportant to
mnimze a stress-induced anisotropic field. The stress-induced
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substituting Hf or Nb for Zr. In order to correct the instabilities, the patent teaches
depositing a first cladding layer of SiO,, depositing by sputtering the cobalt alloy
along with silicon on the first cladding layer and then depositing a second cladding
layer of SiO, on top of the sputtered layer. While not addressed in the patent it is
believed that the instability of the anisotropy field of CoZr is due to poor
magnetostriction and poor corrosion resistance. High magnetostriction is inherent in
CoZr and will result in an unstable anisotropy field. Poor corrosion resistance will
permit the material to corrode or react with adjacent layers at high temperatures which
will change the anisotropy field.

A published Japanese patent application No. 5-36033 teaches the use of thin
(2-100A) CoHfNb layers laminated with a thin (2-100A) nonmagnetic metal layer for
use in magnetic recording head. The nonmagnetic metal layer is sandwiched between
the CoHfNb layers. Although not addressed in the patent the laminated layers are
apparently employed to produce a giant magnetoresistance (GMR) effect. This
application is non-analogous to the function of a SAL. CoHfNb has also been
employed for write poles in write heads and as shield layers in MR read heads. These
applications are also non-analogous to the function of a SAL.

In IEEE Transactions on Magnetic, Vol 26, No. 6 dated November 1990,
Yamada et al. teach the use of CoZrMo as a SAL for an AMR sensor. Mo was
employed in the alloy to decrease the uniaxial anisotropy (Hy) so that the SAL could
be saturated by the sense current field from the MR stripe. Unfoﬁunately, Mo
seriously degrades the magnetization of Co. Further, in IEEE Translation Journal on
Magnetics in Japan, Vol 2, No. 4 dated April 1993 Yamada reports degradation of

CoZrMo when subjected to heat during fabrication or operation.



-3- It is inportant that the SAL material be thermally stable
during high tenperatures as nmay be reached during fabrication of the head
or during operation. It is inportant that the material not change from an
anor phous state to a crystalline state during these high tenperatures.
Since an edge of the SAL is exposed at the ABS it is inportant that the
material selected for the SAL be corroston resistant. Corrosion changes the
properties of the material. The resistance to corrosion is also inportant
for enhancing the thermal stability of the head. If the material is
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typically pinned by exchange coupling with an anti-ferromagnetic layer. When the
magnetic moments of the free and pinned layers are parallel, the resistance of the spin
valve is at a minimum; when the magnetic moments of the free and pinned layers are
anti-parallel, the resistance of the spin valve is at a maximum. Accordingly, the
relative rotation of the magnetic moments of the pinned and free layers changes the
resistance of the spin valve. These changes produce voltage changes that are detected
by circuitry to produce a readback signal. The IBM development teaches the use of
a SAL as a "keeper" for minimizing a demagnetizatic_m (demag) field from the pinned
layer. An insulative or conductor spacer layer is sandwiched between the free layer
and the SAL. When sense current is conducted through the spin valve sensor a sense
current field from the free layer is induced on the pinned layer.

During normal operation, the temperature of the spin valve sensor may rise.
Unfortunately, as the temperature increases the magnitude of the exchange pinning
field falls. Without the SAL as a keeper, the demag field will, at some temperature,
exceed the exchange pinning field causing the magnetic moment of the pinned layer
to become disoriented. With the SAL as a keeper, the demag field from the pinned
layer is attracted by the SAL and reduced virtually to zero. With this arrangement,
disorientation of the magnetic moment of the pinned layer is expected to occur at a

much higher temperature.

The aforementioned properties which are desirable for a SAL for an AMR

sensor also apply to a SAL for a spin valve.



can be inproved, the performance of the head can be dramatically inproved.
For instance, if the nagnetization of the SAL material can be inproved then
the resistance of the SAL can be inproved. Assunme that a predeterm ned bias
field is required to bias the MR stripe and that naterial Awth a
predeterm ned thickness will supply the 6r_equi red bias field. Assune that
material B has a higher magnetization than material A and has approxi mately
the sane resistivity as material A Then a thinner |ayer of material B can
be enpl oyed for supplying the required bias field. Furthermore, the
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" efficiency of the sensor. One of these alloys is CoHfNb and the other is CoHfNbFe.
These alloys demonstrate enhancements in most of the aforementioned desirable
properties for a SAL. For instance, these alloys have almost twice the magnetization
of the typical NiFeCr SALs. A CoHfNb SAL or a CoHfNbFe SAL can be about 1/2
as thick as a NiFeCr SAL and produce the same bias field. A very desirable result
from this arrangement is a tripling of the resistance of the SAL. This results in a
significant reduction of the percentage of the sense current shunted through the SAL.
Improvement in the MR coefficient can be as much as 30-35% and the raw signal
improvement can be as much as 50%.

It is known that Nb changes Co from a crystalline state to an amorphous state
more quickly than HF. Maintenance of the amorphous state of the SAL permits
various thicknesses of the SAL to be employed w&thout changes of the properties of
the material. Nb also makes a fast negative change to the magnetostriction of the
material. Hf causes a positive change to the magnetostriction and so is employed to
bring the magnetostriction to near zero. It should be kept in mind however, that both
Hf and Nb dilute the magnetism of Co, and should be used sparingly. We have
discovered that Fe can be added to the alloy to drive the magnetostriction in a positive
direction more quickly than Hf, without diluting the magnetism. In order to
ameliorate the dilution problem, Fe is substituted for a portion of the Nb in one of the
embodiments to establish a near zero magnetostriction. At least 5% Nb is required
to make the alloy amorphous. With nothing else the alloy has a very negative
magnetostriction. In the first embodiment Hf isl added to establish near zero
magnetostriction and in the second embodiment both HF and Fe are added to obtain
near zero magnetostriction with improved magnetism. Either of these alloys is very

desirable as a SAL for an AMR sensor or a spin valve sensor. As will be explained



U S. Patent No. 4,994,320 teaches the use of CoZr based materials for a
SAL. The patent states that CoZr exhibits instability of the anisotropy
field when it "is nade thin enough (200-1, O0O0A) to be enployed as a SAL. The
pat ent al so suggests substituting H or No for Zr. In order to correct the
instabilities, the patent teaches depositing a first cladding | ayer of
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Other objects and attendant advantages of the present invention will be more

fully' appreciated after reading the following description taken together with the

accompanying drawings.

DESCRIPTION OF THE DRAWINGS

Fig. 1 is a planar view of a magnetic disk dﬁve.

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

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

Fig. 4 is a view taken along plane IV-IV of Fig. 2 showing a cross section of
a magnetic head.

Fig. 5 is an ABS view taken along plane V-V of Fig. 4 showing the magnetic
head with an AMR sensor with undercoat and overcoat layers added and the
thicknesses of some of the layers increased disproportionately for emphasis.

Fig. 6 shows an enlarged ABS view of one embodiment of the AMR sensor.

Fig. 7 shows an enlarged ABS view of a second embodiment of the AMR
Sensor.

Fig. 8 shows an enlarged ABS view of a third embodiment of the AMR sensor.

Fig. 9 shows an enlarged ABS view of a fourth embodiment of the AMR

SENsSor.
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| EEE Transacti ons on Magnetic, Vol 26, No. 6 dated Novenber 1990, Yanmada
al. teach the use of CoZrM> as a SAL for an AMR sensor. M was enpl oyed
the alloy to decrease the uniaxial anisotropy (HK) so that the SAL could
saturated by the sense current field fromthe MR stripe. Unfortunately,
seriously degrades the nmagnetization of Co. Further, in I EEE Transl ation

Journal on Magnetics in Japan, Vol 2, NS 4 dated April 1993 Yamada reports
degradati on of CoZr Mo when subjected to heat during fabrication or

oper ati on. - 5- An

| BM devel opnent Fgnmbajiswe a3sterasislonpiof CoNbHT axdepositedd spin val ve sensor

I ncl udes a non-nagnetic conductive | ayer sandw ched befween a pinned | ayer

and a free | ayeFig. Iffbopsanasteresieloonpf GoNoRhafiesianmeaifig&nt pinned in a

Fig. 12 shows an ABS view of a prior art spin valve sensor.

Fig. 13 shows an ABS view of the present spin valve sensor.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings wherein like reference numerals designate like
or similar parts throughout the several views there is illustrated in Figs. 1,2 and 3 a
magnetic disk drive 30. The drive 30 includes a spindle 32 which supports and rotates
a magnetic disk 34. The spindle 32 is rotated by a motor 36 which in turn is
confrolled by motor controller 38. A magnetic head 40, which may be a merged MR
head for recording and reading, is mounted on a slider 42 which, in turn, is supported
by a suspension 43 and actuator arm 44. A plurality of disks, sliders and suspensions
may bei employed in a large capacity direct access storage device (DASD) as shown
in Fig. 3. The suspension 43 and actuator arm 44 position the slider 42 to place the
magnetic head 40 in a transducing relationship with a surface of the magnetic disk 34.
When the disk 34 is rotated by the motor 36 the slider is supported on a thin
(typically, .075 pm) cushion of air (air bearing) by the air bearing surface (ABS) 46.
The magnetic head 40 is then employed for writing information to multiple circular
tracks on the surface of the disk as well as for reading information therefrom.
Processing circuitry 48 exchanges signals representing said information with the head
40, provides motor drive signals, and provides control signals for moving the slider
to various tracks. )

Fig. 4 is a side cross-sectional elevation view of a merged MR head 40 which
has a write head portion and a read head portion, the read head portion employing a
spin valve MR sensor 52 of the present invention. The MR sensor 52 is sandwiched
between the first and second gap layers 54 and 56, the first and second gap layers, in

turn, being sandwiched between first and second shield layers 58 and 60. In response



predeterm ned direction, such as perpendicular to.the ABS, while the free

| ayer has its magnetic nonment aligned along an easy axis parallel to the
ABS, but free to rotate when subjected to a magnetic field. The magnetic
nmonent of the pinned |ayer is typically pinned by exchange coupling with an
anti-ferromagnetic |ayer. \Wen the nagngtlc nonents of the free and pi nned
| ayers are parallel, the resistance of "tThe spin valve is at a m ni nun when
the magnetic nonents of the free and pinned |ayers are anti-parallel, the
resi stance of the spin valve is at a maxi num Accordingly, the rel ative
rotation &6 exteenatagagnetic frabdmp s resistarive of |thanMRasanbdr r’@echanges. s Achamsges t he

resi stance of the These chan uce vol t age changes t hat
are det ect®BH® B&cﬁ(ﬁtgﬁﬂt ﬁ?‘“ﬂ% Hheo Senser é:a}‘%écm Fito hE‘aP%Rﬁ %‘g\ﬁél opnent
t eaches t hptantial éﬁan?ess'“‘l:hés% p%tenhﬁﬁ&f‘ahgﬁ aIQE g%c@éﬁhzﬂ e? (Q:S /1 on

(denag) f|eI d fromthe pinnéd | ayer ulative“or con uctor spa er
| ayer is S@rdbamhoaFipe3ween the free layer and the SAL. Wien sense current

i s conducted thgou val nspr,.a_Sense cutr nt flel romthe
free layer is i g’é‘ée g’ﬁa‘fﬁgﬁbqnnﬂgghq M"'O incltdes Plﬁ"ﬂl ﬂ’&beﬁsat i on,
the tenpersahdiioh&d bétheers Birst aﬁé's&&nﬁemwénd?ﬁﬁyérh 6-an¥5g0 rA kmg ﬁ{s\ﬂ 138 the
tenperature increases the ma%nltu e of the exchange pinning fiel cf alls

W t hout t Hayes A0 reay be kmplayed forplanariving the diead wi ¢liminate rippies methpeecajndr e,
Cayer to ORUMTORIB AR Myl e bACThe Col BeR b6, anthibe disngeqond) & f”r”§?n
TR LI o L B b 7 A s iR bR Pt Bl W *"*?f“? REEL hned
| ayer is eaigrsclayerst T2 @pdut4.atThe first and second pole piece layers 72 and 74 are
separated by a write gap layer 76 at the ABS and are magnetically coupled at a back
gap (npt shown) which is spaced from the ABS. As shown in Fig. 2 first and second
solder connections 80 and 82 connect leads (not shown) from the MR sensor 52 to
leads (not shown) on the suspension 43 and third and fourth solder connections 84 and
86 connect leads (not shown) from the coil 64 to leads (not shown) on the suspension.
Fig. 5 shows an ABS view of the head 40 with an anisotropic magnetoresistive
(AMR) sensor 90 serving the function of the MR sensor 52 shown in Fig. 4. Fig. 5
has added an undercoat layer and an overcoat layer 94 to show the relationship of
these layers to the other layers of the head. First and second hard bias layers 96 and
98 may be employed at the side edges of the AMR sensor 90 for stabilizing the
magnetic domains of the sensor. First and second leads 100 and 102 are connected
to the side edges of the AMR sensor 90 for conducting the sense current therethrough.
The hard bias layers 96 and 98 and the first and second lead layers 100 and 102 may
be joined to the side edges of the AMR sensor 90 by contiguous junctions as shown
in Fig. 5.
Figs. 6, 7, 8 and 9 show embodiments 90A, 90B, 90C and 90D respectively
of the AMR sensor 90 shown in Fig. 5. All of these embodiments employ a soft
adjacent layer (SAL) which is composed of CoHfNb or CoHfNbFe. We have found



much hi gher tenperature. The aforenentioned properties which are
desirable for a SAL for an AMR sensor also apply to a SAL for a spin val ve.
- 6- SUMMARY OF THE | NVENTI ON The present

i nvention provides several enbodi nents of alloys which can be enployed in
an AMR sensor or a spin valve sensor to,significantly increase the
efficiency of the sensor. One of these™al’loys is CoHf Nb and the other is
CoHf NbFe. These al |l oys denobnstrate enhancenents in nost of the

af orenenti oned desirable properties for a SAL. For instance, these alloys
have al noshatt tiecmaphetizatiom etfi CalNbHf isfsignificanylpi grahteNitlanCNiBATs whickCasHf Nb

AL or a Ct())'pl_ycla\ilf)lr: %m%%cl)'ye%a{%rbae SO %ﬁ}ac:eLrlltzlayer (SAL). The soft adjacent layers are
shown cross-sectioned in Figs. 6, 7, 8 and 9 for highlighting their locations. In the
following table normalized rho (x Ohm-cm) as well as other properties are listed for

various alloys including CoNbHf and NiFeCr.

Table A
Material Physical | Mag.Thick | Sheet R Rho Normalized Rho
Thick(A) | (NiFe Eq.) | Ohms/Sq. | # Ohm-cm (¢ Ohm-cm)
|CoNb(Fe 2%) {1075 1460 9.2 99 134 !
|| Convbre 1110 | 1400 915 [101 - |128
NiFeCr 1324 895 53 70 . 47
NiFeNb 1915 2180 4.9 94 107

Normalized rho is a critical parameter which determines the suitability of a magnetic
material for a soft adjacent layer. The normalized rho value is calculated using the
NiFe equivalent magnétic thickness as fo'llows:

Normalized rho = NiFe equivalent magnetic thickness + physical thickness x

resistivity.
These values are shown in Table A. It can be seen that the normalized rho for
CoNbHf is 128 whereas the normalized rho for NiFeCr is 47. CoNbHf has 1.86
higher magnetization than NiFeCr which can be calculated by taking 1400 +~ 1110/895
+ 1324 which is the ratio of normalized magnetic thicknesses of CoNbHf to NiFeCr.
Accordingly, the thickness of CoNbHf required to obtain the same bias field as
NiFeCris 1 + 1.86 which equals .529. Accordingly, the thickness of CoNbHf can be
approximately ene-half as thick as NiFeCr and obtain substantially the same bias field.
The ratio of the resistivity of CoNbHf as compared to the resistivity of NiFeCr is 128
+ 47 which equals 2.72. This is obtained by dividing the normalized rho of CoNbHf



as thick as a NN FeCr SAL and produce the sane bias field. A very desirable
result fromthis arrangenent is a tripling of the resistance of the SAL.
This results in a significant reduction of the percentage of the sense
current shunted through the SAL. Inprovenent in the MR coefficient can be
as nmuch as 30-35% and the raw signal in“ﬁroverrent can be as nuch as 50%

It is known that Nbo changes Co froma ci g/'stal line state to an anor phous
state nore quickly than HF. Mintenance of the anorphous state of the SAL
permts various thicknesses of the SAL to be enpl oyed wi thout changes of
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direction r ui ckl.y, t.han 1.t hout diJutin h ilsm.ln order to
anel i or at egﬁﬂﬁdﬁFPﬂ_eﬁﬁhﬁgﬁ%ﬁﬂé‘W%g? Ea%% i@ﬁ%@@é&g‘gﬁ?gé‘h {ﬂ}h" “She Nb
in one of teheslREDOSA AR ﬁaictﬁog&uep,lno%&evef, RESEI16P {CndTBS BSﬁSﬁBﬁ-EEstiétﬁﬁ-asAt

| east 5% Nb is required to nake the all oy anorphous. Wth nothing else the

al | oy has &oFNp. negative magnetostriction. In the first enbodi ment Hf is
and_.in the second enbodi nent

added to establi ngar zero magnetostrictio |

both HF anz Fe ﬁ leagosé'ﬂ%"lsc}gﬁﬁlf’gm lﬁaa‘ﬁ’l"zaélr‘ﬁahﬁﬁr?&%é??gn@fl? PFORFEFS 1% pr oved

magnet i sm NI NiFeChagEothk? m@siag:fe}l%ﬂeagg irable as a SAL for an AMR
As wi

sensor or a spin val ve sensor. be expl ai ned
Table B
Material Thick He Hk Lambda | Normalized Rho
A) (Oe.) (Oe.) (x10-6) | (» Ohm-cm)
CoNbFe(2%) | 121 1.59 18.9 |235 116
CoNbHf 186 2.35 14.6 -2.6 122
NiFeCr 112 0.7 3.0 -1.5 44
NiFeNb 103 1.5 11.0 65.0 105

This table shows that the normalized rho for CoNbHS has not changed much after
annealing. The coercivity H is 2.35 Oe which is within the acceptable level of below
2.5 Oe. The problem with a high coercivity H is that the material acts as a hard
magnet and is not in a single domain state. Further, the uniaxial anisotropy Hj is
14.6 which is within an acceptable range of below 15 Oe. The magnetostriction is
slightly negative at ~2.6 x 10® which is within an acceptable .range. This
magnetostriction has been brought to an acceptable level by an appropriate
combination of Nb and Hf. The addition of only Nb to Co makes the magneto-
striction of the CoNb alloy very negative. The element Hf is added to bring the

magnetostriction to a near zero level. The hafnium is also employed for providing the



7 - hereinafter both of these alloy have all of the desirable properties
ment i oned herei nabove for a SAL. W have al so di scovered that when these
al l oys are adjacent selected |ayers that sone of their properties are

| mpr oved. Thus, a need exists for a nore robust SAL for an MR read
head. A need al so exists for a_pAL which has inproved

magneti zation, inproved corrosion resistance and near zero

magnet ostri cti on. A further need exists for a SAL which shunt |ess

sense current than N FeCr and yet has all of the aforenentioned desirable
pr oper t i esCoNbHT alloy withstpi¢ningloprrosion resistannei drpNhIdlisdppraximagheens-balf sti ve
(V) 122 ReabeSOAGPRGE. This s imoFRHRABLIHE, EFRPine SAE 5 RRostel
the ABS. Further, corrosion can develop at high temperatures during fabrication of
the sensor resulting in a reaction between the SAL and adjacent layers which can
dramatically change the properties of the SAL. The preferred ratio of the CoHfNb
alloy is Cog;, Hf,, NB,, and acceptable ranges of ratios are Co,q4,, Hf, ¢, Nbs 5. The
addition of Hf makes the CoHfND alloy self-passivating.
It is important that the CoNbHT retain its amorphous state. This allows the
alloy to be changed in thickness without changing the aforementioned desirable
properties for a SAL. It should be noted that both of the elements Hf and Nb reduce
the magnetization of Co. At least 5% Nb is added to Co in order to make the alloy
amorphous. When this is done a certain amount of the magnetization of Co is lost.
Further, when Hf is added to adjust the magnetostriction still more magnetization is
lost. Accordingly, the amount of Hf and Nb added to Co should be minimized up to
the point where the aforementioned desirable propeﬁies are obtained.
We have_ discovered that by adding Fe to the alloy that the magnetostriction
can be driven from a negative value to a near zero value without diluting the
magnetization of the alloy. The following Table C shows the results from
experiments with CoFeNDb based alloys. CoFeHfNb demonstrates normalized rho of

137, magnetostriction of only 0.12 x 10 and excellent corrosion resistant properties.

Table C

Material Composition | Thick | He Hk Lambda | Normalized Rho

) (%) (A) | (0e) |(Oe) | (x10-6) | (» Ohm-cm)
CoFeNb 87/1/12 1047 |3.06 |150 |0.32 137
CoFeNb 87/1.5/11.5 |1054 |1.65 |144 |0.72 144

CoFeNbHf | 87/1/2/11 1049 |1.66 |13.97 |0.12 137




a fer‘romagnet i ¢ pinned | ayer having a demagnetizing field;
a first non-magnetic spacer |ayer sandw ched between the free and

pi nned | ayers; only one keeper |ayer, which at |east
partially provides flux closure for sai d demagnetizing field of
the pinned | ayer, said keeper |ayer bei.pg 79-94% Co, 1-6% H and
5-15% Nb; and a second non-nmagnetic spacer |ayer sandw ched
between the free layer and the keeper | ayer. The invention al so

Do oo e R SR MR8 SR BTi2 Ina! Sk 4D Rpenciostiction mbre Quicldy e ¢
val ve sensgisitivelirctBbA ta ME $RASREfRE HbbiBhent 1% to ?% Fe is alloged with a

ferromagnetic free | ayer; erromagnétic pinned
| ayer havi@eHEN®enagnetizing field; a first

o mmea M ayer s: TS tndadhF an3306RY By 6t CREFD bmish et O afir ammastiog. o

oot TR skt gty g 1. Thy S BN foh 105s Convi

bei ng 79- dueipreoannealing lif shown 3a Figo N, Hredhard axis B/H loop of CoHfNb after
annealing is shown at 112 in Fig. 11. It should be noted that the scale on the abscissa
of the table in Fig. 10 is twice that of the scale of the abscissa in Fig. 11. There is
a slight decrease in coercivity H after annealing which tightens the loop 112 and Hy
has increased slightly from 13.8 to 14.6 Oe. It should be noted from Fig. 11 that the
easy axis loop 114 is very square and the hard axis loop 112 is very closed after
annealing. Accordingly, CoHfNb demonstrates well-defined easy and hard axes which

means that the material has a well-behaved domain structure. The well-defined easy

| ayer

axis indicates that the material is magnetically uniform. The B/H loops for CoHfNbFe
are similar to the B/H loops in Figs. 10 and 11. .

The embodiment 90A, shown in Fig. 6, employs a soft adjacent layer 120 of
CoH{Nb or CoHfNbFe and an MR stripe 122 of NiFe (Permalloy). A noﬁ-magnetic
electrically-insulative tantalum (Ta) layer 124 is sandwiched between the SAL 120 and
the MR stripe 122. The MR stripe 122 is sandwiched between the tantalum spacer
layer 124 and another spacer layer 126. The embodiment 90A is a typical AMR
sensor arrangement.

The embodiment 90B in Fig. 7 is the same as the embodiment 90A except a
seedlayer of Ta 128 is employed for the SAL layer 120. The thickness of the Ta
seedlayer 128 is 30 A and the thickness of the tantalum layer 124 is 60 A. Table D

shows the properties of a CoNbHf SAL layer 120 when sandwiched between the
tantalum layers 128 and 124.



-7a - a second non-nmagneti c spacer |ayer

sandw ched between the free | ayer and the keeper | ayer;
first and second shield | ayers; and first and second gap
| ayers sandwi ched between the first and second shield | ayers;

wherein the spin val ve sensor is sandw ched between the first and
second gap | ayers and the magnetostrictldon of the keeper layer is zero;
an inductive coil enbedded in an insulation stack; and

Table D
Structure State Mag.Thick | He Hk Lambda
A (Oe) | (Oe) |(10-6)
Ta/CoNbHf/Ta As Dep. 112 1.13 12.6 -2.68
Ta/CoNbH{/Ta Annealed 108 1.11 11.9 -3.60

Before annealing magnetostriction was -2.68 x 10° and after anneafing the
magnetostriction was -3.60 x 10°. It can be seen that magnetostriction has decreased
from -2.6 in Table B to -3.60 in Table D when the CoNbHf layer is sandwiched
between the Ta layers. This magnetostriction is still within an acceptable level. It can
further be seen from Table D that both the coercivity H, and the uniaxial anisotropy
Hg has decreased. These levels are still within acceptable ranges.

The embodiment 90C in Fig. 8 is the same as the embodiment 96B in Fig. 7
except NiFeCr is employed as a seedlayer for the SAL 120 instead of Ta. The results

of this arrangement are shown in Table E.

Table E
Structure Thickness(A) | State Lambda (10-6)
NiFeCr/CoHfNb/Ta | 20/100/60 As Deposited 53
" " Annealed 54
CoHfNb/NiFeCr/Ta 100/20/60 As Deposited 1.26
" " Annealed 4.1

The first and second rows in Table E indicate the magnetostriction of this arrangement
before and after annealing. It can be seen that after annealing the magnetostriction
is 5.4 x 10 which means that the NiFeCr seedlayer for the SAL layer 120 has
changed the magnetostriction from a negative value, as shown in Table D, to a
positive value. Rows 3 and 4 in Table E show the results of an arrangement where

the SAL layer CoNbHT is the first layer followed by layers of NiFeCr and Ta. While



first and second pol e pi eces spaced by a third gap |layer at an air bearing

sur face;

wherein the insulation stack and the i nductive coil are

sandwi ched between said first and second pol e pieces. The
i nvention further provides a magnetic disk drive conprising:

conbi ned magnet oresi stive (MR) read hea? and inductive wite head having:
a MR read head havi ng: -

a spin val ve sensor, the
spi n val ve sensor incl uding: a
ferromagnetic free | ayer; a
f er r omagnehotCshownnidtHeadraivinpay thegmagnketogig oidr of tigs arrangement is +4.1 after
field; a first non-nmagnet., ¢ sp C Iayer
sandwi chedanneglipgn Again, the NiFeCr adjacent layer increases the magn stbtpﬂ%@ '-g?/e

only one KegperThiy R shoWl il edelibfidfiheRAdstd@ onY ci BY biiGfed for SAL layers

of CoBbHf only 100 A thick.

The embodiment 90D is an inverted MR stripe arrangement which enables the
MR stripe 122 to be annealed at temperatures higher than 300°C in order to improve
its magnetoresistance coefficient. When CoHfND is annealed above 300°C it changes
from an amorphous state to a crystalline state. In this arrangement the MR stripe 122
is sandwiched between the spacer layers 124 and 128 followed by the SAL layer 120

" being sandwiched between the spacer layer 124 and the cap layer 126. The NiFe MR
stripe can now be deposited at a temperature higher than 300°C and then the SAL -

layer 120 can be deposited at a lower temperature so that its amorphous state is
ensured. It is desirable that the CoHfNb or CoHfNbFe SAL layer be formed by ion
beam sputtering. This makes these alloys with low intrinsic anisotropy so that they
can be used for soft adjacent layers in the MR heads.

In Fig. 12, there is shown a prior art spin valve sensor 130 which includes

pinned layers 132, 134, a copper spacer layer 136, a free layer 138 and a cap layer

of Ta 140. An antiferromagnetic layer of NiO 142 may be employed for pinning the
magnetic moments of the layers 132 and 134 into the paper (or out of the paper)
perpendicular to the ABS. First and second hard bias layers 144 and 146 stabilize the
domain structure of the layers in the MR sensor. The NiO layer 142 may be the first
gap layer 54 shown in Fig. 4. The spacer layer 136 has a thickness which is less than
the mean free path of conduction electrons flowing between first and second leads 148

and 150. The degree of electron scattering, which depends upon the relative angle

- between the magnetic moments of the free layer 138 and the pinned layers 132 and

134, determines the resistance of the MR sensor to the sense current I;. The greatest
scattering and the corresponding greatest increase in resistance occurs when the

magnetic moments are anti-parallel and the least scattering and the corresponding least

a



flux closure for said demagnetizing field of the pinned | ayer,
sai d keeper |ayer being 79-94% Co, 1-6% H and 5- 15% Nb;

a second non-rmagnetic spacer |ayer sandw ched

between the free |layer and the keeper | ayer;

first and second shield | ayers; and first and
second gap | ayers sandw ched bet ween t Al first and

second shield | ayers; wherein the spin val ve
sensor i s sandw ched between the first and second gap

| ayer s andresistancechreape steurs tvhon tief mhineeticengraents aseeparalée] with respect to one

zero; another. The magnetic moment of the free layer 138 is typically oriented parallel to
the ABS so that upon receiving positive and negative field signals frbm a rotating disk
the magnetic moment rotates upwardly or downwardly to decrease or increase the
resistance of the sensor. The change in resistance would be opposite if the layers 132
and 134 had their magnetic moments pinned in an opposite direction.

Because of the thinness of the spacer layer 136 and roughnesses at the
interfaces, there is a ferromagnetic coupling Hg. which is induced on the free layer
138 by the pinned layers 132 and 134. Another field acting on the free layer 138 is
a demagnetization field from the pinned layers 132 and 134 which causes an induced
demagnetization field Hypy, on the free layer 138. This is typically on the order of
51 Oe when the spin valve sensor is centered between the first and second shield
layers 58 and 60, as shown in Fig. 4. By appropriately controlling the thicknesses of
the layers 132, 134, 136 and 138 and the amount of the sense current Ig the
ferromagnetic coupling field Hg. and the demagnetization field Hppy, e can be made
to substantially counterbalance one another so that the magnetic moment of the free
layer 138 can be parallel to the ABS.

Unfortunately, as the temperature of the spin valve sensor 130 rises during
operation, the exchange field coupling between the antiferromagnetic layer 142 and
the pinned layer 132 decreases while the Hppy, field from the pinned layers 132 and
134 remains substantially constant. At some temperature level the Hpgyag field
becomes stronger than the exchange pinning field causing the pinned layers 132 and
134 to become disoriented with a random demagnetizing field. If the demagnetizing
field Hppyag from the pinned layers 132 and 134 could be made zero then the pinned
layers 132 and 134 would keep their pinned orientation up to a higher temperature

since there is no opposition by the aforementioned Hypy,g field.



- 7b - . an inductive coil enbedded in an insul ati on stack;

and first and second pol e pi eces spaced by a third gap

| ayer at an air bearing surface; wherein the

i nsul ation stack and the inductive coil are sandw ched bet ween sai d
first and second pol e pieces; q7frane; a magnetic disk

rotatably supported on the frane; a support nounted on the frane
for supporting the conbined head in a transducing relationship with the
magneti c di sk; means for rotating the magnetic disk;

posi tioni ng rredn$he:tmlbmﬁmdt 169, slhmmsilplﬁigrﬁ facoftradjecant layer U62ad Godlftdbl t i pl e

PO 1 onS AR ARRRSE Lot o AROELIC, Lok S ey oS, SPOCt o

2’8?} 't ﬁ IoIOIn: ﬁ;gm{éaqas%ré 032 & 90Q 9o STHRBIS, Y62 1 sEfiRae @ TR A R&Adyer (I8
by a Ta spacer layer 164. The Hpp,, ¢ field from the pinned layers 132 and 134 is
drawn in by the SAL layer 162 causing the Hppy, g field of the pinned layers 132 and
134 to be zero. Since the Hppy,q field is zero there is no Hypy, field opposing the
exchange pinning field on the layer 132 which means that the pinned layers 132 and
134 remain pinned at higher temperatures. Further, a proper bias for the free layer
138 is now achieved by counterbalancing only the ferromagnetic coupling field Hg.
with the field from the sense current I along with proper thicknesses of the layers.
All of the desirable properties of a material for a SAL for an AMR sensor also apply
to the SAL for the spin valve sensor shown in Fig. 13.

Clearly, other embodiments and modifications of this invention wfll 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.



nmovenent of the magnetic disk and for controlling the position of the
conbi ned head. The invention yet further provides a

magnet oresi stive (MR) read head conpri sing: a spin val ve sensor

t he spin val ve sensor including: a ferromagnetic free

| ayer; a ferromagnetic pinned | ayer having a demagneti zi ng
field a first non-nagnégrc spacer | ayer sandw ched between
the free and pi nned | ayers; onl-y-one-keeper- -l ayer,

which at |east partially provides flux closure for

1-6% Hf , 1-14% Nb and_1-3% Fe; and a second non- nagnet

demagnetizing field of the pinned | aleAIMSai d keeper ' | H!Hmaamjl wﬂ% o,
The =

sandwi ched bet WELCEABMEree | ayer and the keeper |ayer;-
i nvention yet further provides a conbined MR read head and i

nductive wite

head conpri sing: a magnetoresistive (MR) read head havi ng:

a spin val ve sdnsor ,Atthia film magaétoresisting QVR) meddibkadgeomprising:
an MR sensor;
first and second leads connected to the MR sensor;

the MR sensor including a plurality of layers;

one layer of the plurality of layers being a soft adjacent layer (SAL); and

the SAL being an alloy of CoHfNb.

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

read head of claim 1, 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.

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

2, the drive comprising:
a frame;

a magnetic disk rotatably supported on 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

This Sheet Has Been Replaced
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-7c- a ferromagnetic free | ayer;
a.ferromagnetic pinned | ayer having a demagnetizing field,
a first non-nagnetic spacer |ayer sandw ched between the free

and pinned | ayers; only one keeper |ayer, which at
| east partially provides flux closure for said
demagneti zing field of the pinned Iayeﬂ?‘said keeper | ayer

being 77-94% Co, 1-6% Hf, 1-14% Nb and 1-3% Fe; and
a second non-rmagneti c spacer |ayer sandw ched between the

free | ayer and nida@s keeted tayie head, to the means for rotitingsthe auanstic distt =idi el d
| ayers; and L. first and secqnd_ gap .| ayers sbandvm' ched bet ween
the first tarfde seasiipping means fop; @ichapgipg sgnals with the combined,hepdi for; he

Spi n val VR SEORAE thovenftd Yrihe Bt Ue Akt 4 for'cohtrBlifhg the position of the

combined head.

4. A read head as claimed in claim 1 including: e
[ie M sensor beh an avfsotroplo NI seher AR ORI
the anisotropic MR (AMR)sensor including: * ¢ L omos s

a ferromagnetic MR stripe;

a non-magnetic, non-conductive spacer layer; and

the spacer layer being sandwiched between the MR stripe and the SAL -

layer.

5. A read head as claimed in claim 4 including:
the AMR sensor including a NiFeCr seedlayer; and
the SAL interfacing the NiFeCr seedlayer.

6. A read head as claimed in claim 4 including:
a capping layer; and

the SAL being located between the MR stripe and the capping layer.

7. A read head as claimed in claim 4 wherein the magnetostriction of the

SAL being substantially zero.

8. A read head as claimed in claim 7 wherein said SAL is 79-94% Co, 1-
6% Hf and 5-15% Nb.

This Sheet Has Been Repla
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second gap | ayers; . an inductive coil enbedded in an insul ation

stack; and first and second pol e pieces spaced by a third gap |ayer
at an air bearing surface; wherein the insulation stack and the inductive
coil are sandw ched between first and second pol e pieces. The

invention yet further provides a nmagnetic disk drive conprisi ng__
combi ned magnet oresi stive (MR) read head®and i nductive writ
conpri si ng: a magnet oresi stive (MR) read heml iam,"'"""n””m
a spin valve sensor, the spin val ve sensor including:
a ferromagneti cof r ee Al a@mhead as claimed in claim 8 including:
ferromagnetic p| nned | ayer having a denagneti zi ng
field; first and second gap layers; a first non-nagnetic spacer |ayer
sandwi ched bet MR ers;
only one keepemﬁ}%ayersen\%% n%tc’ ar}dé%% edp‘%ter @E ér@?&%‘%@o&i ng?a}Je?sy
flux closure fofirgand semﬂgsmuam;fahal d of the pi nned | ayer
the first and second gap layers being sandwiched between the first and second
shield layers.

10. A combined MR read head and inductive write head including the MR
read head of claim 9, 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 spaceél by a third gap layer at an air
bearing surface. ' '_

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

a frame;

a magnetic disk rotatably supported on 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.

This Sheet Has Been Replaced
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-7d - sai d keeper |ayer being 77-94% Co,

1-6% Hf , 1-14% . Nb and 1-3% Fe; and

a second non-rmagnetic spacer |ayer sandw ched

between the free |layer and the keeper | ayer; first
and second shield | ayers; and first and second gap
| ayers sandwi ched between the first and2l- second shield

| ayers; wherein the spin valve sensor is

sandwi ched between the first and second gap | ayers;

an inductive coilh. empeegathead aaRldimsd iRtiadn 9Sinakidingand
first and second pol e pieces spaced by a third gap layer..at_an air bearing

surf ace; the AMR sensgh éncduding RNiFaGr seediayar;Andck and t he i nductive -

2o 55 5300 Gt o s st O 0

13. A read head as claimed in claim 9 including:
a capping layer; and
the SAL being located between the MR stripe and the capping layer.

14. A read head as claimed in claim 9 wherein said SAL is substantially
87% Co, 2% Hf and 11% Nb.

15. A read head as claimed in claim 14 wherein the SAL has a thickness
of substantially 100 A.

i

16. A read head as claimed in claim 7 wherein said SAL is _ConNbFe.

17. A read head as claimed in claim 16 wherein said SAL is 77-94% Co,
1-6% Hf, 1-14% Nb and 1-3% Fe.

18. A read head as claimed in claim 17 including:

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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between the first and second pol e pieces; a frane; a

magneti c disk rotatably supported on the frane; a support nounted
on the. frame.for .supporting the conbined head in a transducing relationship
with the ma netic dISk means for rotating the magnetic disk;

p05| “ﬂu “@4 '@eﬂl@ nect ed to the support for noving the head to multiple
posi t to said magneti c2#i sk; and nmeans connect ed
to the he he nmeans for rotating the magnetic disk and to the
positioning nmeans for exchanging signals with the conbi ned head, for

control ling novegrent AfonttigedRIRIa hedd 8d madctiver weittisadlihdloding fiee POSI ti on
of the conbi ned head. O her objects and attendant advantages of the
present i ueed thieesh ofielaim 8, ther eombingd heashemaprisiegi aft er readi ng t he

foll owi ng descript.i t ake S rrpanyi ng draw ngs.
DESCRI PTI ON OF #I %ﬁ%’ﬁ R@gem%ggée%emlgﬂgﬁl?\llm&;n gtgp ’anar view of a magnetic
di sk drive. the insufatibn ftadkSand the @vduictiteBoibbeing sadwichdd betivea fifst gnd 1.
second pole pieces; and |
the first and second pole pieces being spaced by a third gap layer at an air

bearing surface.

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

a frame;

a magnetic disk rotatably supported on 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.

21. A read head as claimed in claim 18 including:
the AMR sensor including a NiFeCr seedlayer; and
the SAL interfacing the NiFeCr seedlayer.
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-T7e-- Fig. 3 is an elevation view of the magnetic disk drive of
Fi.g’ Fig. 4 1is a viewtaken along plane IV-1V of Fig. 2 showing a
cross section of a magnetic head. Fig. 5is an ABS view taken al ong
pl ane V-V of Fig. 4 showing the magnetic head with an AMR sensor with

under coat and over coat

I ncreased di sproportionately for enphas

| ayers added and,the thickness of sonme of the |ayers
? Fig. 6 Shows anenlarged —

ABS vi ew of one enbodi nent of the AMR sensor. Fig.
enl arged ABS view of a second enbodi nent of the AWMR sensor. ,m m,’m“ﬂl,ﬂ",
shows an enl ar g22l AB& reaéwead asclafmediiredbiulil fentludingt he AMR sensort

Fig. 9 shows an enl ar
a cappin

G

dye,rABS view of a fourth enbodi nent of the AMR sensor.

the SAL being located between the MR stripe and the capping layer.

23. A read head as claimed in claim 18 wherein said SAL is substantially
87% Co, 2% Hf, 10% Nb and 1% Fe.

24. A read head as claimed in claim 23 wherein the SAL has a thickness
of substantially 100 A.

25. A read head as claimed in claim 1 including:

the MR sensor being a spin valve;

the spin valve including:

a ferromagnetic free layer, a ferromagnetic pinned layer and a first non- -

magnetic spacer layer;

the first non-magnetic spacer layer being sandwiched between the free

and pinned layers;

a second non-magnetic spacer layer; and

the second non-magnetic spacer layer being sandwiched between the

free layer and the SAL layer.

26.  Aread head as claimed in claim 25 wherein the magnetostriction of the

SAL being substantially zero.

27. A read head as claimed in claim 26 wherein said SAL is 79-94% Co,
1-6% Hf and 5-15% Nb.
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-8- Fig. 10 shows a hysteresis |oop of CoNoHf as deposited.

Fi.g. 11 shows a hysteresis |oop of CoNoHf after annealing. Fig. 12
shows an ABS view of a prior art spin valve sensor. . Fig. 13 shows an
ABS vi ew of the present spin valve sensor. DESCRI PTI ON OF THE
PREFERRED ENMBODI MENTS Referring now to the draw ngs wherein |ike

reference nunerals designate |ike or stafr1 ar parts throughout -t-he severat——""

views there is illustrated in Figs. 1, 2 and 3 a nmagnetic di |
The drive 30 includes a spindle 32 which supports and rot at eFliHmnF“iﬁﬂlmm“
di sk 34. The s@8dl eA3Fead heddodsadlgichedyinacl4ini 2T indfudifig:ch in tu L M s %
controlled by nptor controller 38. A magnetic head 40, which nmay be a

nmerged MR head frst andhesspad 8P 43¥8ieadi ng, is nounted on a slider 42 which,
inturn, i's SURRERNR%ensor 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.

29. A combined MR read head and inductive write head including the MR
read head of claim 28, 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.

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

a frame;

a magnetic disk rotatably supported on 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.

This Sheet Has Been Replaced
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by a éuspensi on 43 and actuator arm44. A plurality of disks, sliders and
suspensi ons may be enployed in a | arge capacity direct access storage
devi ce (DASD) as shown in Fig. 3. The suspension 43 and actuat-or--arm 44

position the slider 42 to place the magnetic head ' transduci ng
relationship with a surface of the magnetic disk 33@'“#&"' ﬂ,’lﬂm 4 1is
rotated by the notor 36 the slider is s'@ﬁ‘ported on Iy , .075
[err]m cushion of air (air bearing) by the air bearing surface’ (ABS) 46.
The magnetic head 40 is then enployed for witing information to nultiple

circular tracks3on thereidriicadas efairhb® irdtlain 28 WiRdrdin 3sidf QAL lie asbstgtially
I nformation _therefrom Processing circuitry 48 exchanges signals
representiﬁa%éﬁpdz%hH5PW%ﬂﬂ%hNhﬁth t he head 40, provides notor drive
signals, and provides control signals for noving the slider to various
tracks. Fig. 4 is a side cross-sectional elevation view of a nerged
MR head 40 whi ci32bas A read headheathimedtin eimrdl wheremdtheeSxd. has hithieknésse read
head portion enploying a spin valve MR sensor 52 of the present invention.
The MR sen§5ﬁmgﬁnﬁ@n¥§@8w§ched between the first and second gap | ayers 54
and 56, the first and second gap layers, in turn, being sandw ched between
first and second shield |layers 58 and 60. In response

33. A read head as claimed in claim 26 wherein said SAL is CoHfNbFe.

34. A read head as claimed in claim 33 wherein said SAL is 77-94% Co,
1-6% Hf, 1-14% Nb and 1-3% Fe.

35. A read head as claimed in claim 34 including:

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.

36. A combined MR read head and inductive write head including the MR
read head of claim 35, 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 1ayer at an air

bearing surface.
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-9- ~ to external magnetic fields, the resistance of the MR sensor 52
chafiges. A sense current conducted through the sensor causes these changes
to be mani fested as potential changes. These potential changes are
processed by the processing circuitry 38 shown in Fig. 3. The wite
head portion of the head 40 includes a coil |ayer 64 which is sandw ched
between first and second insulation |ay&rs 66 and 68. A third insulation

| ayer 70 may be enpl oyed for planarizing the head to elimnate ripples in
the second insulation |ayer caused by the coil |ayer 64. The coil |ayer 64,
and the first, skcondAanagnetic didk idnive imbiding theyermbirkd, head ancldini@ mradaim
sandwi ched between first _.and second pole piece |layers 72 and 74.—The-first-.

and second JSithe Siivk€OMBYHERE: 72 and 74 are separated by j | ayer
76 at the ABS a f&k% magnetically coupled at a back gapﬂ,m,imgmiﬂm”ﬁ' h
is spaced fromthe S. As shown in Fig. 2 first and secon n W

52 to

connections 80 amnfhaghetixodisle edtatabhydsupporttd shake frafrepm t he MR sensor
| eads (not shown) on the suspension 43 and third and_fourth sdol der .
connections 84 ohdURRPTESMRIERed PR ths frame 1oR SHRpOrting nthe rrometined dgad dn| 2ads

(not  shown) ARabdife SUSRGRI Rith 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: . |

38. A read head as claimed in claim 35 wherein said SAL is substantially
87% Co, 2% Hf, 10% Nb and 1% Fe.

39. A read head as claimed in claim 38 wherein the SAL has a thickness
of substantially 100 A.
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Fig. 5 shows an ABS view of the head 40 with an anisotropic

magiet or esi stive (AMR) sensor 90 serving the function of the MR sensor 52
shown in Fig. 4. Fig. 5 has added an undercoat |ayer and an overcoat | ayer
94 to show the relationship of these layers to the other |ayers of the
head. First and second hard bias |ayers ¥ and 98 may be enpl oyed at the

si de edges of the AVR sensor 90 for stabilizing the nagnetic domains of the

sensor. First GSW ( L0t Xgihije edges
of the AMR sen‘Isv(Il;I?1 orﬁﬁgﬁgﬁ%%%%@kﬁgkgiﬁiséﬁ@@@ ﬁf;l&lrﬂg Ob Thg 102
hard bias | ayer SHARING HIGRMAUNETIZ &GN HIEEP o, an
may be joined to the side edges o tLe.’XWéensorﬁggllg; con |g§8ﬁs .
junctions as JINWRINSICCAWNISBTROPY AND NEARSZERO MAGNET ment s
90A, 90B, 90C and 90D respectively of the AWR sensor 90 shown in Fig. 5.
Al'l of these enbodi nents enploy a soft adjacent |ayer (SAL) which is
conposed of CoHf Nb or CoHf NoFe. We have found

ABSTRACT

A high magnetization, high resistivity, low corrosion and near zero
magnetostriction soft adjacent layer (SAL) is provided or a magnetoresistive (MR) sensor
(90A) of a read head. The MR sensor (90A) may either be an anisotropic MR (AMR)
sensor or a spin valve sensor. In both sensors the SAL (120) is CoHfNb or CoHfNbFe.
The Hf is added to reduce corrosion and the Hf and Nb are balanced to provide near
zero magnetostriction. The addition of Fe is an enhancer for reducing negative
magnetostriction without diluting the magnetism of the alloy. Since CoHfNb has
significantly higher magnetization than NiFeCr the SAL layer (120) of CoHfNb can be
thinoer than the SAL of NiFeCr which results in a significantly higher resistance SAL.
The higher resistance SAL eciuates to less shunting of the sense current through the SAL

and better signal performance of the MR read head.

FIG. 6
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-10- that the magneti zation of CoNbHf is significantly greater than

Ni FeCr which is typically enployed for a soft adjacent |ayer (SAL). The
soft adjacent |ayers are shown cross-sectioned in Figs. 6, 7, 8 and 9 for

hi ghlighting their locations. In the followi ng table normalized rho ([err]
Ohmcn) as well as other properties are listed for various alloys including
CoNbHf and N FeCr. Table A Mat eri al
P hysical Mag. Thick Sheet R Rho IM6r mal i zed Rho
Thick(A) (NiFe Eq.) OChnms/Sq. ferr] CGhmcecm ( Chmcm OoNb’g?FyZ% 1075
1460 9.2 99 134~ CONDOHf TTT0 400

9.15 101 128 Ni FeCr 895 5.3 70
47

80 84 86 82

) {
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FIG. 2
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"N FeNb 1915 2180 4.9 94 107 Nor mal i zed
rho is a critical paraneter which determnes the suitability of a nmagnetic
material for a soft adjacent |ayer. The normalized rho value is cal cul ated
using the N Fe equival ent magnetic thickness as follows: Nor mal i zed
rho = N Fe equival ent magnetic thickness - physical thickness x
resistivity. These values are shown in Table A It can be seen that the
normalized rho for CoNoHf is 128 wherggs the nornmalized rho for NiFeCr is
47. CoNbHf has 1.86 higher magnetization than N FeCr which can be

cal cul ated by taking 1400 [err] 1110/895 [err] 1324 whoch is the ratio of
normal i zed magnetic thicknesses of CoNbHf to Ni FeCr. AAccordingly, the

t hi ckness of CoNbHf reqU|red to obtain the sane b| |eId as. N FeCr i
[err] 1.86 which equﬁ& 5529 Accor di ngl h §L€$5 _cag be
approxi mately one-h g@ thick as N FeCr and obta| subst 8ht y thejsane

bias field. The 5@t|500f t he r62|§B|V|
resistivity of NFeGf is T 8 [ rr] 47
by dividing t

‘;/ TRVATRATREERN

of CoNbHf g&s conpared-to the
ich equals 22 72. This is obt ai hed
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by the normalized rho of NiFeCr. Accordingly, for the sane bias field the
CoNbHf soft adjacent layer is 2.72 nore resistive to the sense current than
a N FeCr soft adjacent |ayer. Because of this additional resistance, when
CoNbHf is enpl oyed as a soft adjacent |ayer, significantly |ess sense
current is shunted through the SAL. It should be noted that the alloy
CoNbFe has a high normalized rho of 134. This shows excellent soft nagnetic
properties, however, this alloy is not 8#corrosion-resistant as CoHf Nb.
Table B shows the nornalized rho as well as other nagnetic properties for
CoNbHf , Ni FeCr and ot her alloys after annealing.

Tabl e B Mat eri al Thi ck Hc Hk Lanbda Normalized
Rho

L2 %102
Hard Blas -/j
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(-A) | (0e.) (Ce.) (x10-6) ([err] OCmcm CoNbFe( 2% 121

1.59 18.9 2.35 116 CoNb Hf 186 2.35
14.6 -2.6 122 Ni FeCr 112 0.7 3.0 -1.5
44 Ni FeNb 103 1.5 11.0 65. 0 1 05 Thi s

tabl e shows that the normalized rho for CoNbHf has not changed nuch after
anneal ing. The coercivity Hc is 2.35 OGe which is within the acceptable

| evel of below 2.5 Ce. The problen1wﬁtH(? hi gh coercivity Hc is that the
material acts as a hard nmagnet and is é in a single domain state.
Further, the uniaxial anisotropy Herr] is 14.6 which is within an
accept abl e range qL bel ow 15 Ce. The nagnetostrictépn IS ggightly negative
at -2.6 x 10.6 which is wtRin an acceptabl e rangegc This <drmgnetostriction

———

has been brought t@ an acceptable | evel by an apprgpriate onbi nati on of
Nbo and Hf. The i\t i on nly Nb to Co nakes magnet -} striction of
the CoNb all oy ver €gati vg—The el enent Hf i s{adde 0 bprifn
magnetostrictijon to a ngar zerojlevel. The hafnfumis al sp enpl oyled for
provi ding the
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-12- CoNbHf alloy with superior corrosion resistance. CoNoHf is

approxi mately one-half as corrosive as NNFeCr. This is inportant because
the edge of the SAL is exposed at the ABS. Further, corrosion can devel op
at high tenperatures during fabrication of the sensor resulting in a
reaction between the SAL and adjacent |ayers which can dramatically change
the properties of the SAL. The preferreggratio of the CoHf Nb alloy is Co87,
Hf 2, NB[err] and acceptable ranges of ratios are Co79-94, H 1[err] Nb5.15.
The addition of Hf makes the CoHf Nb alkm sel f - asswa ng. It is
important that the CoNoHf retain it&®9 tbh%ﬁs BPé‘t is allows the alloy
to be changed in thicknes8.&i rqtTan Th TETENT{OTepdgsi r abl e
properties for a SAL. It shotil d pe rotej tkat )otgrof t he| el gentjs Hf and
Nb reduce 0.6

0.4 410
02 /

o:o | d
0.2
-0.4 ~

nanoWebers
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fhe magneti zation of Co. At least 5% Nb is added to Co in order to nmake the

al I oy anor phous.
Co is lost. Further,
nore magneti zation is | ost

when Hf

Accordi ngly,

When this is done a certain anobunt of the magnetization of
is added to adjust the magnetostriction stil
t he ambunt of Hf and Nb added to

Co should be mnimzed up to the point where the aforenentioned desirable

properties are obtained.

all oy that the magnetostriction can b .
near zero value without diluting the magnetization of the alloy.
foll owi ng Table C shows the results from exper

e haéﬁSd

di scovered that by adding Fe to the
riven froma negative value to a

The

nts with CoFeNb based

all oys. CoFeHf No denonstrates normalized rho o 37, magnetostriction of
only 0.12 x 106 and excel |l ent corrosion resistant properties.
Table C [Material | Conposition Thick Hk Lanbda Nor mal i zed
Rho (% 18 (0Oe.) Oe.) (x10939 (u Omcm
CoFeNb 87/1/12 104.7 3/ 06 15.0 __0, 3?5 187 CoFeNb
87/1.5/11.5 105.4 . 0.7a 144 C 11
104.9 1.66 13.97 )0. 12 Cu
/ 110 138 136 L2
4 L4 i
Nit-e
144 7 146
HB — o HB
|) \\ NiFe
132" 134 NiO
S
FIG. 12 142
160
162 //
- Ta
| ™\ 140 — g - | (
148 ' _ :
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- 13- Fe has an advantage over Hf in that it drives the nmagnetostriction
nore quickly in a positive direction than H. In a preferred enbodi nent 1%
tto 3% Fe is alloyed with CoHf No. The uni axi al ani sotropy HK of
CoNbHf is shown as 14.6 Oe after annealing. This is also shown in the graph
in Fig. 11. The hard axis |oop 110 for CoNbHf before annealing is shown in
Fig. 10. The hard axis B/H loop of CoHhkNb after annealing is shown at 112
in Fig. 11. It should be noted that the scale on the abscissa of the table
in Fig. 10 is twce that of the scale of the abscissa in Fig. 11. There.is

a slight decrease in coercivity after neal i.ng whi ch tightens the | oop
112 and HRSIHSNER dodndqthess V;ﬁff\fﬁoﬁﬁl@f.a % G GEOPITCS HBIRPIBE not ed

fromFig. p1lidBede fd?% ERBY W& havd AQPdildeled A WL SHHRELAIBNE AbggRaed axis
l-oop 112 is very closed after
selected layers that some of their pro‘eperties are improved.

- Thos, a need exists - a
: i lani 3 more robust SAL for an MR

read head. A need a.\s_o excisks o

ide. a SAL which has improved magnetization,

improved corrosion resistance and near zero magnetostriction.
need exists -G’or_ )
A further objeet~is—to—previde a SAL which shunt less sense current than

NiFeCr and yet has all of the aforementioned desirable properties.

N .

Other objects and attendant advantages of the present invention will be more
fully appreciated after reading the following description taken together with the

accompanying drawings.

DESCRIPTION OF THE DRAWINGS
Fig. 1 is a planar view of a magnetic disk drive.

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

ga

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

Fig. 4 is a view taken along plane IV-IV of Fig. 2 showing a cross section of
a magnetic head.

Fig. 5 is an ABS view taken along plane V-V of Fig. 4 showing the magnetic

'\._,.':

head with an AMR sensor with undercoat and overcoat layers added and the
thicknesses of some of the laye;rs increased disl;roportionately for emphasis.
Fig. 6 shows an enlarged ABS view of one embodiment of the AMR sensor.
Fig. 7 shows an enlarged ABS view of a second embodiment of the AMR
sensor.
Fig. 8 shows an enlarged ABS view of a third embodiment of the AMR sensor.
Fig. 9 shows an enlarged ABS view of a fourth embodiment of .the AMR
Sensor.
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anneal i ng. Accordingly, CoHf Nb denonstrates well-defined easy and hard axes
whi ch neans that the material has a well-behaved domain structure. The

wel | -defined easy axis indicates that the material is magnetically uniform
The B/H | oops for CoHf NbFe are simlar to the B/H loops in Figs. 10 and 11.
The enbodi nent 90A, shown in Fig. 6, enploys a soft adjacent |ayer 120 of
CoHf Nbo or CoHf NoFe and an MR stripe 122,9f N Fe (Pernalloy). A non-magnetic
el ectrically-insulative tantalum (Ta) |ayer 124 is sandw ched between the
SAL 120 and the MR stripe 122. The MR stripe 122 is sandw ched between the
tant al um spacer |ayer 124 and anot her_spacer, | ayer 126. The enbodi nent 90A
Is a typical AMR sensor arrangenent: ! The enbodinment 90B in Fig. 7 is
the same as theygplqdifgnt 90A except a seedl ayer of Ta 128 is enployed for
the SAL | ayer 120. The thickness of the Ta seedl ayer 128 is 30 A and the

t hi ckness of the tantalumlayer 124 is 60 A. Table D shows the properties
of a CoNoHf SAL,layer, 120 when sandw.ched, between the tantaluml|ayers 128
and 124. Siio a8 UTT - LIViD Cad nead comprising:

an MR sensor;

first and second leéds connected to the MR sensor;

the MR sensor including a plurality of layers;

one layer of the plurality of layers being a soft adjacent layer (RAL); and
the SAL being an alloy of CoHfNb. |

2. A combined MR read head and inductive write/head including the MR
read head of claim 1, the combined head comprising:

an inductive coil embedded in an insulation staek;

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

the first and second pole pieces i)ein spaced by a third gap layer at an air

bearing surface.

) 3. A magnetic disk drivg/including the combined head as claimed in claim
2, the drive comprising:

a frame;

a magnetic disk pétatably supported on the frame;

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

megns for rotating the magnetic disk;

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

New daiam i )



-14- _ Table D Structure St at e

Mag. Thick Hc Hk Lanbda (A
(Oe.) (0Oe.) (10-6) f Ta/ CoNbHf/Ta As Dep. 112 1.13
12.6 -2.68 Tal/ CoNbHf/ Ta Anneal ed 108 1.11 11.9

-3.60 Bef ore anneal i ng magnetostriction was -2.68 x 10 and after
anneal i ng the nmagnetostriction was -3.6{.x 10-6. It can be seen that
magnetostriction has decreased from-2.6 in Table Bto -3.60 in Table D
when the CoNbHf |ayer is sandw ched between the Ta |ayers. This

magnetostriction is still hin_anh acceptabl e | evel . It cfurtherbe
seen fromTabl e D that "ot h 3 HE E8er it IV EHC oA R 2t g ganedte SBFTODY

HK has decreasegosilibeing hR¥e Fordklchhbink Wehill "wik CRt @&h@m‘%@nﬂéﬁi for

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

comtined heac.

4, A read head as claimed in claim 1 including:
the MR sensor being an anisotropic MR sensor;
the anisotropic MR (AMR)sensor including:
a ferromagnetic MR stripe;
a non-magnetic, non-conductive spacer layer; and

the spacer layer being sandwiched between the ¥R stripe and the SAL

layer.

5. A read head as claimed in claim 4 #cluding:
~ the AMR sensor including a NiFeCr sgédlayer; and
the SAL interfacing the NiFeCr sgédlayer.

6. A read head as claimed in claim 4 including:

a capping layer; and

_ the SAL being located between the MR stripe and the capping layer.

7. A read head as claimed in claim 4 wherein the magnetostriction of the
SAL beipg substantially zero.

8. A read head as claimed in claim 7 wherein said SAL is 79-94% Co, 1-

Y- Hfand 5139
T ULT -..u-r&.}/
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The enbodi nent 90C in Fig. 8 is the sane as the enbodinent 90B in Fig. 7
except N FeCr is enployed as a seedl ayer for the SAL 120 instead of Ta. The
results of this arrangenent are shown in Table E.

Table E Structure | Thickness(A) State Lanbda
(10-6) N FeCr/ CoHf No/ Ta 20/ 100/ 60 As Deposited 5.3 It
Anneal ed 5.4 CoHf Nbf Ni FeCr [J@ 100/ 20/ 60 As Deposited

1. 26 o .. 11Anneal ed 4.1 The
first and second ro in Table E indicate the nagnetostriction of this

arrangenent befogpe af ter ~anneal i ng. Ih@aﬁﬁﬁ‘%ﬁgeﬁ%‘f“%’er anneal i ng
t he magnet ost Pi€t i o 28 hgaq a3 glagngghinc¢la “the Ni FeCr seedl ayer
for the SAL | ayg%@%ﬁ%ﬁkl he nagnetostriction froma negative

val ue, as sho LR A Dae&sa positvevatte—Rous—3—anrd—4—Fagl e E
show t he resul senaor s savdwicledrietwenn tBAlfirktagrel seCoib EEp layethie) f i r st

|\ayer fol I Enf‘r;nd TAa \vl\hi !e

b first and second gap layers betrg sandwiched between the first and second

shield layers;,
wheitin W*'am‘.ﬂs‘\'we. CQ-NP"“Szhs'-
bl A combinedé/lR)read head and inductive write head(incl-ué-iﬁg-the—}rﬁk-
1 head of claim94 bimed-head
“ ce s ML read Waad o€ closan Voo =
an inductive coil embedded in an insulation stack; awd-

the insulation stack and the inductive coil being sandwiched between ﬁr@

second pole pieces}ﬁrr

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

bearing surface)'

HW’ I !
3 LY A magnetic disk drive including the-combined-head-as-elaimed-imctaim—
~10—the-drive comprising: :

ve s Comiald. fe,«A.meﬁ—‘m-M- of doswa baas
a frame;

" a magnetic disk rotatably supported on the frame;

a support mounted on the frame for supporting the combined head in 2
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.



-15- not shown in the drawi ngs, the nmagnetostriction of this arrangenent
is +4.1 after annealing. Again, the N FeCr adjacent |ayer increases the
magnefostriction of the SAL. Table E shows that excellent magnetostrictions
can be obtained for SAL | ayers of CoBbHf only 100 A thick. The
enbodi nent 90D is an inverted MR stripe arrangenent which enables the MR
stripe 122 to be anneal ed at tenperaturgs higher than 300[err]C in order to
i nprove its magnet oresi stance coefficient. Wien CoHf Nb i s anneal ed above
300[err]C it changes from an anorphous state to a crystalline state. In

this arrangemW _s;n,dvm ched between the-spacer |ayers
124 and 128 fo d pirag neasat © a‘af?‘“éfml Binh i RGUEHISAW ched bet ween t he

spacer layer 124 a2 B&62RtAY: PecrTheail e Mg-Stripe can now be
deposited at a lf.heerrper aturse ﬁ‘lcg"ﬁeﬂr\:\grat1 nc 3r00[er and then the SAL

the SAL interfacing the NiFeCr seedlayer.

~

13. A read head as claimed in claim 9 including:

a capping layer; and

Tha 3, kezgec laver
L. 14 & read head as claimed in claim £ wherein said Sﬁd‘f is substantially

87% Co, 2% Hf and 11% Nb.
g, 157 X read head as claimed in claim 1»4;wherein the has a thickness
of substantially 100 A.

. as claimed in claim 7 wherein said SAL is CoHfN

—3#+—ATéad head as claimed in claim 16 Wherein sai i = 5
—1-6%Hf1=14% Nb and 1-3% Fe.
L q.18” A read head(as-claimed-in-elaim 17 including: (camprising

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.

NM &l-a&m 8



| ayer 120 can be deposited at a |ower tenperature so that its anorphous
state is ensured. It is desirable that the CoHf Nbo or CoHf NbFe SAL | ayer be
fornmed by ion beam sputtering. This nakes these alloys with lowintrinsic
ani sotropy so that they can be used for soft adjacent layers in the MR
heads. In Fig. 12, there is shown a prior art spin valve sensor 130
whi ch i ncl udes pi nned Iayers 132, 134, _g, copper spacer | ayer 136, a free

| ayer 138 and a cap | ayer of Ta 140. An“antiferromagnetic |layer of N O 142
may be enpl oyed for pinning the magnetic nonents of the layers 132 and 134

into the pap out of the paper) perpendicular to the ABS. First and
second hard ﬁ-aé’g; ayérgonlbme@?@i 1ep6 f@tldabll‘ld inductiveewriterhead intledieedhedMib t he

layers in th S @NSoL . Q.Jlaver. he the first gap |ayer 54
shown in FI'g. ‘pag_i ,@ay\ ':-' has %prf‘g‘r(ﬁl%kness which is |l ess than
the mean free pahhndlfcu@é)ladill@tﬂbéadéﬂ mcarrmeﬂaﬁdxpmag dejween first and second
|-eads 148 ang 0—Jhe degree ch—deper ds-ypon
the relative an&!@nb‘é@mﬁaw@dﬁﬁgchavmhﬁggémdvmhqdr@wmyérst@a@ and

t he pi nne n 34, #4etermmnes ere 2 e VRTSensor
to the Sé&%g %lelgl%f;@s " e/Qreatest scattering and the correspondl ng

gr eat est i ncr eaglgs ﬁf‘straﬁalsaécﬂidCﬁoléNp@éth Rphded BRRERRIrE GapOEPet & A Bir
anti-parpllel and the | east scattering and Fhe correspondi ng | east

bearing surface;

wheeon .
| 15" 20 A magnetic disk drive ineluding the-combined-head-aschaimed-inrclainr
e 20;-the-drive-comprising:
é.‘f;a;::- combined baad o clataiz .u-
a magnetic disk rotatably supported on 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
X J 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.

; aimed in claim 18 includifig:
ensor including a NiFeCr seedlayer; and —

the SAL-interfoeing-the-NiFeCrseedlayer———




- 16- resi stance change occurs when the magnetic nonents are parallel with
respect to one another. The magnetic nonent of the free |layer 138 is
typically oriented parallel to the ABS so that upon receiving positive and
negative field signals froma rotating disk the magnetic nonent rotates
upwardly or downwardly to decrease or increase the resistance of the
sensor. The change in resistance woul d_pg opposite if the layers 132 and
134 had their magnetic nonments pinned in an opposite direction. _
Because of the thinness of the spacer |ayer 136 and roughnesses at the
interfaces, the g is,a ferromagnetic.coupli HEc which is induced on the
free | ayer 138"gy—théLﬁ?ﬁﬁﬁﬂ&Fgﬁgpgmi§Eégﬁ%%géaﬁﬁgE%ther field acting on
the free |layer 338phi tization field fromthe pinned | ayers 132
and 134 which causes_an ‘i nduced demagnetization field HY err] EMG on the
free | ayer 138. &bt segigtHbptvprertthe Mkt SicCepmnEnaydte Spin val ve
n

sensor is centered between te first and second shi el dI ayrgwg%?nﬁ_g‘ﬁo, as
shown in Fig. 4. By qppropriately controlling the thicknes | ayers
132, 134, 13(gand’ 138 aand Hele ageRunsd af clhie 18 eRecis Uak i§ stbRantially
87% Co, 2% Hf, 10% Nb and 1% Fe. '
Te o, st
1l 2% A read head as claimed in claim 23 wherein the SAT'has a thickness
of substantially 100 A.

Ba eHtrarraestetoetwes

N
— A read-head-es-elaimed-irclaimt iududing.
the MR sensor being a spin valve;
the spin valve including:
a ferromagnetic free layer, a ferromagnetic pinned layer4nd a first non-
magnetic spacer layer; '
the first non-magnetic spacer layer being sahdwiched between the free
and pinned layers;
a second non-magnetic spacegAayer; and
) the second non-magnetic§pacer layer being sandwiched between the
v free layer and the SAL layef.

A read head as claimed in claim 26 wherein said SAL is 79-94% Co,
% Hf and 5-15% Nb.




ferromagnetic coupling field HFC and the demagneti zation field HD err] can
be made to substantially counterbal ance one another so that the nagnetic
moment of the free layer 138 can be parallel to the ABS. _ _
Unfortunately,-as the tenperature of the spin valve sensor 130 rises during
operation, the exchange field coupling between the antiferromagnetic |ayer
142 and the pinned | ayer 132 decreases yhile the HYerr]mAG field fromthe
pi nned | ayers 132 and 134 renmai ns substantially constant. At sone
tenperature | evel the HDENAG field becones stronger than the exchange

pi nning fiel a:” Lu prrmed [ ayers 132 and 134 to becone disori
with a randomd Hﬁﬁaq?%Fbunﬂ#nkﬂénhéﬁéﬁﬂwﬁnginghfleld HSEPAG fr
t he pi nned | aye d be nade zero then the pinne ayer,
and 234 mou|dyk§§%%§ﬁ§??%d%%ﬁ oﬂientation up to a higher tenperat

since there is tie MBpsisén baingdyaridaéctrt eeveentthe fiest 4l ResddVBEp dyeld.
-17-

132

first and second shield layers; and

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

shield layers. .

25. A combined MR read head and inductive write Mead including the MR

read head of claim 28, the combined head comprising:

an inductive coil embedded in an insulation st
the insulation stack and the inductive coil beiig sandwiched between first and
second pole pieces; and
the first and second pole pieces beipf spaced by a third gap layer at an air
bearing surface.
30. A magnetic disk dri¥e includihg the combined head as claimed in claim
29, the drive comprising:
a frame;
) a magnetic diskfotatably supported on the frame;
“ a support prounted on the frame for supporting the combined head in a

transducing relgtionship with the magnetic disk;

' megn$ for rotating the magnetic disk;

ositioning means connected to the support for moving the head to multiple
posjtions 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.



In the enmbodi ment 160, shown in Fig. 13, a soft adjacent |ayer 162 of

CoHf Nb or CoHf NbFe is enployed as a "keeper" layer for reducing the
HD[err] MAG field of the pinned |ayers 132 and 134 to zero. The SAL 162 is
separated fromthe free layer 138 by a Ta spacer |ayer 164. The HD err]
field fromthe pinned | ayers 132 and 134 is drawn in by the SAL | ayer 162
causing the HDEmMAG field of the pinned..ayers 132 and 134 to be zero. Since
the HDEMAG field is zero there is no HIEMAG fiel d opposi ng the exchange
pinning field on the [ayer 132 which neans that the pinned |ayers 132 and
134 remai n pinned at hi eratures. Further, a proper bias for th
free |ayer I noww Taehheadeas diaimed uinclaith A8awéraig wid §ALhis shbstantielynet|
coupl i ng fg HEEC wict.h ithe, fiel d fromthe sense current Is along with
pr oper thigcf)‘r’lgts?éezg’o atr‘;&ﬁeﬂI/"a§f>’ebr’s. Al'l of the desirable properties a
material for a SAL for an AMR sensor also apply to the SAL for th
val ve sensor shown in Fig. 13. . . Cearly, other enbodi nent

nodi fi cati ons 0%2-t_hiériem%é¢ﬁdi ¥rclolmed ipcdaim $ﬁaa'r:neynttlc¢ $ Abdmsaf thekaiessar y
skill int k1 Vi of these teachings. Therefore, this ¥nvention is
to be li mﬁgﬁgﬁgﬁgyjﬁgfol | ow ng cl ai ns, which include alf such

enbodi nents and nodificati ons when viewed in conjunction wi/h the above

speci fication d acco i ng draw ngs.
P a,% X rggg ggad gs claimed i% claim 26 wherein said S is CoHfNbFe.

34, A read head as claimed in claim 33 wherein
1-6% Hf, 1-14% Nb and 1-3% Fe.

id SAL is 77-94% Co,

35. A read head as claimed in claim 34 including:
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 Jyers being sandwiched between: the first and second

shield layers.

) 36. Aco
read head of clag

ined MR read head and inductive write head including the MR

35, the combined head comprising:

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

bearing surface.



-18 - W claim . 1. A magnet oresi stive (MR) read

head conpri si ng: a spin valve sensor, the spin valve
sensor i ncl udi ng: a ferromagnetic free | ayer;
ferromagnetic pinned | ayer having a denmagnetizing field, a first
non- magneti c spacer |ayer sandw ched between the free and

pi nned | ayers; 260Nnly one keeper |ayer, which at
| east partially provides flux closure for sai d

demagneti zing field of the pinned | ayer, said keeper |ayer being 79-94%

Co, 1-6%Hf and _

-15% Nb; and L , a_secand
A-ERARCH GHEgCHaingdbhcqrpRined Aead gpedaimed In claim

non- nagRe C—S17a

36, the drive comprising:
a frame;
a magnetic disk rotatably supported on the frame;
a support mounted on the frame for supporting the coprbined head in a
transducing relationship with the magnetic disk; | i
means for rotating the magnetic disk;
positioning means connected to the supporyfor moving the head to multiple
positions with respect to said magnetic disk;
means connected to the head, to th€ means for rotating the magnetic disk and
to the positioning means for exelanging signals with the combined head, for
controlling movement of the agnetic disk and for controlling the position of the

combined head.

% HIf, 10% Nb and 1% Fe.

39. A read head as claimed in claim 38 wherein the SAL has a thickness
of substantially 100 A.

read head as claimed in claim 35 wherein said SAL is substantially

a



~and the keeper |ayer. : 2. The read head as clainmed in claim
1, wherein the magnetostriction of the keeper | ayer is zero.

3. ' The read head as clained in claim2, further conprising:

first and second shield |layers; and . & first and second gap
| ayers sandwi ched between the first and cond shield

| ayers; wherein the sp?%evalve sensor i s sandw ched
between the first and second gap | ayers. 4. The

read head as ChpAGRETORESETIVE sﬂmsm WER A KeFIEADJACENTI. SRt antial Iy
87% Co, 2% Hf and 11% Nb. The read head as clained in

claim4, wherei THANVING:EIGH l\MGNEﬁH@A&‘IﬂN CHIGHSREBSISTIVITY, LOoWwst anti al |y
-100 A
: INTRINSIC ANISOTROPY AND NEAR ZERO MAGNETOSTRICTION

ABSTRACT

A hig'h' magnetization, high resistivity, low corrosion and near zero
magnetostriction soft adjacent layer (SAL) is provided or a magnetoresistive (MR) sensor
(90A) of a read head. The MR sensor (90A) may either be an anisotropic MR (AMR)
sensor or a spin valve sensor. In both sensors the SAL (120) is CoHfNb or CoHfNbFe.
The Hf is added to reduce corrosion and the Hf and Nb are balanced to provide near
zero magnetostriction. The addition of Fe is an enhancer for reducing negative
magnetostriction without diluting the magnetism of the alloy. Since CoHfNb has
significantly higher magnetization than NiFeCr the SAL layer (120) of CoHfNDb can be
thinner than the SAL of NiFeCr which results in a significantly higher resistance SAL.
The higher resistance SAL equates to less shunting of the sense current through the SAL

and better signal performance of the MR read head.

FIG. 6



6. . . A conbined magnetoresistive (M) read head and |nduct|v%E%ACﬂ—M"ﬁéa§ﬁEET

conpr|5|ng 19
a MR read head havi ng: a spin val ve sensof, tﬂe1sﬁ n 290
val ve sensor incl uding: -7- a ferrompgnetic free

| ayer; a erromagnetic pi nned | ayer having a demagnetizing field; a first
non- magneti c spacer |ayer sandw ched between the free

and pi nned hasearaster both of these alloy have all of the desirable properties mentioned hereinabove
for a SAL. We have also discovered that when these alloys are adjacent selected layers
that some of their properties are improved.
Thus, a need exists for a more robust SAL for an MR read head. -
A need also exists for a SAL which has improved magnetization, improved
corrosion resistance and near zero magnetostriction.
A further need exists for a SAL which shunt less sense current than NiFeCr and
yet has all of the aforementioned desirable properties.
Accordingly, the invention provides a magnetoresistive (MR) read head
comprising:
a spin valve sensor, the spin valve sensor including:
a ferromagnetic free layer;
a ferromagnetic pinned layer having a demagnetizing field,
a first non-magnetic spacer layer sandwiched between the free and
pinned layers;
only one keeper layer, which at least partially provides flux closure for
said demagnetizing field of the pinned layer, said keeper layer being 79-94%
Co, 1-6% Hf and 5-15% Nb; and
a second non-magnetic spacer layer sandwiched between the free layer and the
keeper layer. -
The invention also provides a combined magnetoresistive (MR) read head and
inductive writé head comprising:
a MR read head having:
a spin valve sensor, the spin valve sensor including:
a ferromagnetic free layer;
a ferromagnetic pinned layer having a demagnetizing field;
a first non-magnetic spacer layer sandwiched between the free
and pinned layers;
only one keeper layer, which at least partially provides flux
closure for said demagnetizing field of the pinned layer, said keeper

layer being 79-94% Co, 1-6% Hf and 5-15% Nb; and



only one keeper layer, which at least partially provides flgx\EFuAbElitt: SHEET
closure for said demagnetizing field of the pinned |ayer, said Keeper

| ayer being 79-94% Co, 1-6% Hf and 5-15% Nb; and 24 1Y a0
a second non-rmagneti c spacer |ayer sandwyghed between the _
free layer and the keeper | ayer; first and second
shield | ayers; and first and second gapllayers

sandwi ched between the first asgosdaondnagnetic spacer layshisaidwvitkegdebdween the
wherein the spin valve sensor is sandw ched between the first and
second gap | ayers and tﬁ\@lﬁﬂ@ﬂé@é@kqeﬁﬁﬂé}’ﬁfof t he keeper | ayer is zero;

an inductive coil enbed I N 2N 4 s tion ack; and first
and second pol e pieces fgrg d:fhfeﬂﬁlif eréa%n# ayer at an air bearing
surface; E&% aneil Blé QQm%»ﬁeﬂfedaB&wkae fhe st tainll & s&id
are sandw ched between satleglIiti 3 hg%? agrllof second pol e pi eces. °

A magnetic di sk cshislé layenpri si ng a conbi ned nmagnet or esi st Ive
(MR) read head and inductive wite head havin

read head having: wherem the spin valve sensor ?s éalglwrphega\)qg(egréﬁgeo,ﬁ,rsttw

fs glr po\r/rglgxgt ;sgnfs ?(ra%l {;]Ig g lagérs and the magnetostriction of the keeper layer is zero; a

an inductive coil embedded in an insulation stack; and
first and second pole pieces spaced by a third gap layer at an air bearing surface;
wherein the insulation stack and the inductive coil are sandwiched between said first and
second pole pieces.
The invention further provides a magnetic disk drive comprising:
a combined magnetoresistive (MR) read head and inductive write head having:
a MR read head having:
a spin valve sensor, the spin valve sensor including:
a ferromagnetic free layer;
a ferromagnetic pinned layer having a demagnetizing
field;
a first non-magnetic spacer layer sandwiched between
the free and pinned iayers; -
only one keeper layer, which at least partially provides
flux closure for said demagnetizing field of the pinned layer,
said keeper layer being 79-94% Co, 1-6% Hf and 5-15% Nb;
a second non-magnetic | spacer layer sandwiched
between the free layer and the keeper layer;
first and second shield layers; and
first and second gap layers sandwiched between the first and
second shield layers;
wherein the spin valve sensor is sandwiched betweén the first
and second gap layers and the magnetostriction of the keeper layer is

Zero;



a ferromagnetic pinned | ayer having a demagneti zi ng

SR80 ACRASDAL
field; a first non- magnet"""(2:1"'3‘%3’;{'(fé’r’l'1r SHEET
| ayer sandw ched between _ the freejand pi nned
| ayors. ~Tb.- 20 |21 HAY 2609
only one keeper layer, which at |east partially provides

flux closure for said demagnetizing field of the pinned | ayer,
sai d keeper |ayer bei ngavidBeéocGoil entzdded inandnsHdtinvosidek; and

a second non-nmagnetic spacer |ayer sandw ched ) . )
between the free | ayer HistandheecRedpele pigggespaced by a third gap layer at an air bearigg r st

and second shield I%e_rs; and first and second gap
| ayer s sandwi ched*B&ffeen the first and

wherein the insulation stack and the inductive coil are sandwiched
between said first and second pole pieces;
a frame;
a magnetic disk rotatably supported on 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.
The invention yet further provides a magnetoresistive (MR) read head
comprising:
a spin valve sensor, the spin valve sensor including:
a ferromagnetic free layer;
a ferromagnetic pinned layer having a demagnetizing fieldy
a first non-magnetic spacer layer sandwiched between the free and
pinned layers;
only one keeper layer, which at least partially provides flux closure for
said demagnetizing field of the pinned layer, said keeper layer being 77-94% Co,
1-6% Hf, 1-14% Nb and 1-3% Fe; and
a second non-magnetic spacer layer sandwiched between the free layer and the keeper
layer;
The invention yet further provides a combined MR read head and inductive write
head comprising:
a magnetoresistive (MR) read head having:

a spin valve sensor, the spin valve sensor including:



second, shield | ayers; wherein the spln.vaWVe o
andw ched between the first and S(hcond gap

sensor is s
| ayers and
Zero;

and

| ayer at an
i nsul ati on
first and s

_rotatably supported on the fr%f?émmagnetlcPln%\edslﬁb?i&af’mmnwlﬂ&gelﬁ ame

for support
magnetic di

posi tioni ng means conneg&gﬂnﬁaiﬁpﬁssupport for moving the head to nultiple
positions with respect to said nagnetic disk; and

to the head,
posi tioni ng
control ling
of the conbi

SHEET

t he magnetostriction of the keeper layer is I
an inductive coil-7mnbedded in an insulat*o@ $taekuﬁﬁ3
first and second pol e pieces spaced by a ird gap
air bearing surface; whefein the

stack and the i ndua:feirmmagnétic ﬁeeelayemdwi ched bet ween sai d

cvene

econd pol e pi eces; ghet.i c di sk
LR e oM e B B S B R e e

to the neans foronlptcﬁnblkugpd:mkayemgﬂach at thask pamidlly andnhdaes flux

means for exchangi ng S|(%nal s wi,th the conbined head, for
movenent of ClogiEe fag s

ined head. . o peing 77-94% Co, 1-6% HI, 1-14% Nb and 1-3% Fe; and

a second non-magnetic spacer layer sandwiched between the
free layer and the keeper layer;
first and second shield layers; and
first and second gap layers sandwiched between the first and second
shield layers;
wherein the spin valve sensor is sandwiched between the first and
second gap layers;
an inductive coil embedded in an insulation stack; and
first and second pole pieces spaced by a third gap layer at an air bearing surface;
wherein the insulation stack and the inductive coil are sandwiched between first and
second pole pieces.
The invention yet further provides a magnetic disk drive comprising:
a combined magnetoresistive (MR) read head and inductive write head
comprising:
a magnetoresistive (MR) read head having:
a spin valve sensor, the spin valve sensor including:
a ferromagnetic free layer;
a ferromagnetic pinned layer having a demagnetizing
field;
a first non-magnetic spacer layer sandwiched between
the free and pinned layers;
only one keeper layer, which at least partially provides

flux closure for said demagnetizing field of the pinned layer

nmeans connect ed

magBRIZing field of et pigned fyer.hidkesner on



Ep AT g
8. . A magnetoresistive (MR) read head conpri sing: R %%Q%R}g \%’EET
sensor, the spin valve sensor including: k2 ferronagnetlc
free |ayer; a ferromagnetic pinned |ayer Haui ng falay 2081
demagneti zing field; -7d - -21 -
a first non-nmagnetic spacer |ayer sandw ched between the free -an
pi nned | ayers; only one keeper |ayer, whi ch-at-least
partially provides flux closure forsaid keeper laysr Heidg Fdef4d6 i(bi A%, d- %t he
pi nned | ayer, said keeper Iaygﬁ) g @g: 94% Co 1-6% Hf , 1-14% Nb
and 1-3% Fe; and ang 156 SePion- magnetlc spacer | ayer

sandwi ched between the free layer , (. ;g aﬂ&)—ﬁﬁgnéiﬁe%&rice'ra}'a%fcr sandwiched

between the free layer and the keeper layer; -
first and second shield layers; and
first and second gap layers sandwiched between the first and
second shield layers;
wherein the spin valve sensor is sandwiched between the first
and second gap layers;
an inductive coil embedded in an insulation stack; and
first and second pole pieces spaced by a third gap layer at an air bearing
surface;
wherein the insulation stack and the inductive coil are sandwiched
between the first and second pole pieces;
a frame;
a magnetic disk rotatably supported on 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.
Other objects and attendant advantages of the present invention will be more
fully appreciated after reading the following description taken together with the

accompanying drawings.

DESCRIPTION OF THE DRAWINGS
Fig. 1 is a planar view of a magnetic disk drive.

Fig. 2 is a view taken along plane II-II of Fig. 1.
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9. . The read head as clained in claim@8, further conp |ﬂgﬂgmﬁ?\ﬁt\\l -
first and second shield |layers; and first and sedo rs ™
sandwi ched between the first and second shield | ayers; ;{)\A@e@p@w
spi n val ve sensor is sandw ched between-¥&e first and secpn 3a ‘I"ayers.
10. The read head as clainmed in claim9, wherein said ke ,
substantially 87% Co,. 2% Hf , 10% Nb and 1% Fe. . 1. .The read head aS..es
claimed in cl ai mFi®,3 ijpckvationsepafias mpggetic WrafetqfiFé& D1 =

e e T

a spin val RagRASAEad.t he spin val ve sensor including:
a_ferromagnetic free | ayer;
- Fig. 5 is an ABS view taken along plane V-V of Fig. 4 showing the magnetic

head with an AMR sensor with undercoat and overcoat layers added and the thickness of
some of the layers increased disproportionately for emphasis.
Fig. 6 shows an enlarged ABS view of one embodiment of the AMR sensor.
Fig. 7 shows an enlarged ABS view of a second embodiment of the AMR sensor.
Fig. 8 shows an enlarged ABS view of a third embodiment of the AMR sensor.
Fig. 9 shows an enlarged ABS view of a fourth embodiment of the AMR sensor.



a ferronagnetic pi nned | ayer having a demagneti zing field,

a first non-magnetic spacer |ayer sandw ched between the frgegg;m AOFLLTS

and pi nned | ayers; only one keeper | ay;fe'r”'."s*‘"\'/\/'ﬁ’i':% SgitEET
| east partially provides flux -18 - closure for spil .
demagnetizing field of the pinned layer, said keeper r ? 1 MAT 208k
bei ng 77-W) . _1- 6% Hf , 1-14% Nb and 1-3% Fe; and _

REPLACEME Sg%tﬂi- 22-

a second non-nmagnetic spacer |ayer sandwi c ed between the |

free layer and the keeper | ayer; first and second shield

| ayers; and. A magnetoresistivd MR) vead hestompripme: | ayer s sandwi ched bet ween
the first and second shield | wherein the

spin val ve sensor SP¥ @YRiEHeResE estré;\éé’rfi‘?‘rl%qin&nd
- 77 7 aferromagnetic free layer;
; ”","’ ,"l" l"" "',' " ,"‘ a ferromagnetic pinned layer having a demagnetizing field;
b M a first non-magnetic spacer layer sandwiched between the free and
pinned layers;
only one keeper layer, which at least partially provides flux closure for
said demagnetizing field of the pinned layer, said keeper layer being 79-94%
Co, 1-6% Hf and 5-15% Nb; and
a second non-magnetic spacer layer sandwiched between the freg layer

and the keeper layer. .

2. The read head as claimed in claim 1, wherein the magnetostriction of the keeper

layer is zero.

3. The read head as claimed in claim 2, further comprising:
first and second shield layers; and
first and second gap layers sandwiched between the first and second shield
layers;
wherein the spin valve sensor is sandwiched between the first and second gap

layers.

4. The read head as claimed in claim 3, wherein said keeper layer is substantially
87% Co, 2% Hf and 11% Nb.

S The read head as claimed in claim 4, wherein the keeper layer has a thickness of
substantially 100 A.
6. A combined magnetoresistive (MR) read head and inductive write head

comprising:
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only one keeper layer, which at least partially provides flux
closure for said demagnetizing field of the pinned layer, said keeper
layer being 79-94% Co, 1-6% Hf and 5-15% Nb; and
a second ﬁon-magnetic spacer layer sandwiched between the
free layer and the keeper layer;
first and second shield layers; and
first and second gap layers sandwiched between the first and second
shield layers;
wherein the spin valve sensor is sandwiched between the first and
second gap layers and the magnetostriction of the keeper layer is zero;
an inductive coil embedded in an insulation stack; and
first and second pole pieces spaced by a third gap layer at an air bearing surface;
wherein the insulation stack and the inductive coil are sandwiched between said

first and second pole pieces.

7. A magnetic disk drive comprising:
a combined magnetoresistive (MR) read head and inductive write head having;:
a MR read head having:

a spin valve sensor, the spin valve sensor including:
a ferromagnetic free layer;
a ferromagnetic pinned layer having a demagnetizing

field;
a first non-magnetic spacer layer sandwiched between

the free and pinned layers;



3% Fe; and a second non-my ac

| ayer sandw ched between the free layer ngwj_; hm
keeper | ayer; first and second shi ¢l c |%13e "is%;{
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said keeper layer being 79-94% Co, 1-6% Hf and 5-15% Nb;
a second non-magnetic spacer layer sandwiched
VR OEANIHIIE vesecn thesreetayer andt e kesper ayes;
s first and second shield layers; and
first and second gap layers sandwiched between the first and
second shield layers;
wherein the spin valve sensor is sandwiched between the first
and second gap layers and the magnetostriction of the keeper layer is
zZero;
an inductive coil embedded in an insulation stack; and
first and second pole pieces spaced by a third gap layer at an air bearing
surface;
wherein the insulation stack and the inductive coil are sandwiched
between said first and second pole pieces;
a frame;
a magnetic disk rotatably supported on 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.

8. A magnetoresistive (MR) read head comprising:
a spin valve sensor, the spin valve sensor including:
a ferromagnetic free layer;

a ferromagnetic pinned layer having a demagnetizing field;
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magneti c di sk; . _ positioning means connected to the support for
movi ng the head PBUREIAYEIS e positions with respect to said nagnetic

di sk; and only one keeper layer, which at least partially provides flux closure for

“ said demagnetizing field of the pinned layer, said keeper layer being 77-94% Co,
1-6% Hf, 1-14% Nb and 1-3% Fe; and

a second non-magnetic spacer layer sandwiched between the free layer

and the keeper layer;

9. The read head as claimed in claim 8, further comprising: | I!""cl "IIlLl “I"" "IISI " I!Il

first and second shield layers; and

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

layers;

wherein the spin valve sensor is sandwiched between the first and second gap
layers.
10. The read head as claimed in claim 9, wherein said keeper layer is substantially

87% Co, 2% Hf, 10% Nb and 1% Fe.

11 The read head as claimed in claim 10, wherein the keeper layer has a thickness of
substantially 100 A.
12. A combined MR read head and inductive write head comprising:

a magnetoresistive (MR) read head having:

a spin valve sensor, the spin valve sensor including:

a ferromagnetic free layer;

a ferromagnetic pinned layer having a demagnetizing field,

a first non-magnetic spacer layer sandwiched between the free
and pinned layers;

only one keeper layer, which at least partially provides flux
closure for said demagnetizing field of the pinned layer, said keeper

layer being 77-94% Co, 1-6% Hf;, 1-14% Nb and 1-3% Fe; and




means connected to the head, to the neans for rotating the
and to the positioning nmeans for exchanging signals wt
head, for controlling novenent of the magnetic disk and

 RERLACEMENT SHEET

r 26rt2061 Alhg

the position of the conbined head. -22-

U %he conbi ned
f

a second non-magnetic spacer layer sandwiched between the

free layer and the keeper layer;
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first and second gap layers sandwiched between the first and second
shield layers;

wherein the spin valve sensor is sandwiched between the first and
second gap layers;
an inductive coil embedded in an insulation stack; and
first and second pole pieces spaced by a third gap layer at an air bearing surface;
wherein the insulation stack and the inductive coil are sandwiched between first

and second pole pieces.

13. A magnetic disk drive comprising:
a combined magnetoresistive (MR) read head and inductive write head
comprising:
a magnetoresistive (MR) read head having:
a spin valve sensor, the spin valve sensor including:
a ferromagnetic free layer;
a ferromagnetic pinned layer having a demagnetizing
field,
a first non-magnetic spacer layer sandwiched between
the free and pinned layers;
only one keeper layer, which at least partially provides
flux closure for said demagnetizing field of the pinned layer
said keeper layer being 77-94% Co, 1-6% Hf, 1-14% Nb and 1-
3% Fe; and
a second non-magnetic spacer layer sandwiched
between the free layer and the keeper layer;
first and second shield layers; and
first and second gap layers sandwiched between the first and

second shield layers;
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- wherein the spin valve sensor is sandwiched between the first
e and second gap layers:
l I!I,II' "ll" III" "III " III, an inductive coil embedded in an insulation stack; and
IR first and second pole pieces spaced by a third gap layer at an air bearing
surface;
wherein the insulation stack and the inductive coil are sandwiched
between the first and second pole pieces;
a frame;
a magnetic disk rotatably supported on 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.
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MAGNETORESISTIVE SENSOR WITH A SOFT ADJACENT LAYER
HAVING HIGH MAGNETIZATION, HIGH RESISTIVITY, LOW
INTRINSIC ANISOTROPY AND NEAR ZERO MAGNETOSTRICTION

ABSTRACT

A high magnetization, high resistivity, low corrosion and near zero
magnetostriction soft adjacent layer (SAL) is provided or a magnetoresistive (MR) sensor
(90A) of a read head. The MR sensor (30A) may either be an anisotropic MR (AMR)
sensor or a spin valve sensor. In both sensors the SAL (120) is CoHfNb or CoHfNbFe.
The Hf is added to reduce corrosion and the Hf and Nb are balanced to provide near
zero magnetostriction. 'fhe addition of Fe is an enhancer for reducing negative
magnetostriction without diluting the magnetism of the alloy. Since CoHfNb has
significantly higher magnetization than NiFeCr the SAL layer (120) of CoHfNb can be
thinner than the SAL of NiFeCr which results in a significantly higher resistance SAL.
The higher resistance SAL equates to less shunting bf the sense current through the SAL

and better signal performance of the MR read head.

FIG. 6



