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SOFT ADJACENT LAYER BIASED MAGNETQRESISTIVE DEVICE
INCORPORATING A NATURAL FLUX CLOSURE DESIGN
UTILIZING COPLANAR PERMANENT MAGNET THIN FIIM

STABILIZATION AND METHOD OF MANUFACTURE

BACKGROUND OF THE INVENTION

The present invention relates, in general, to the
field of magnetoresistive ("MR") devices and methods
for fabricating the sanme. More particularly, the
present invention relates to a soft adjacent layer
biased magnetoresistive sensor and method for

i ) fabricating the same incorporating a natural flux
closure design utilizing a substantially coplanar



for fabricating the sane. More particularly, the present invention
Pelates to a soft adjacent |ayer biased nagnetoresistive sensor and

met hod for fabricating the same incorporating a natural flux closure
design utilizing a substantially copl anar
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sensed. be useful in reading data from a magnetic media with
a sensitivity exceeding that of inductive or thin film
heads. In operation, an MR sensor is used to detect
magnetic field signal changes from a magnetic media
due to the fact that the resistance of the MR sensor
changes as a function of the direction and amount of
magnetic flux being sensed.

It is also generally known that for an MR sensor
to function effectively, it must be subjected to a
transverse bias field to linearize its response. The
transverse bias field is applied‘normal to the plane
of the magnetic media and parallel to the surface of
the MR sensor. Various techniques for effectuating
such transverse biasing are presently known including
current shunt and soft adjacent layer ("SAL") film
biasing, with the latter technigque being generally
superior for extending the usefulness of MR sensors to
storage devices of ever higher areal densities.

It is also known that an MR sensor may be
utilized in conjunction with a longitudinal bias fi=zld
extending parallel to the surface of the magnetic
media and parallel to the major axis of the MR sensor.
Stabilization of MR sensors by means of a longitudinal
bias field is necessary for their application with
high track density disk files in order to suppress
Barkhausen noise. Barkhausen noise results from
unstable magnetic properties such as multi-domain
activities within the MR element.

With respect to the application of a longitudinal
bias field for the suppression of Barkhausen noise in
an MR sensor, the literature describes a number of
techniques primarily dealing with "exchange bias"
through use of an antiferromagnet coupled in some
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head designs using permanent magnets for Barkhausen
noise suppression have been found to be not
particularly well suited for use with closely coupled
magnetic shielding layers. Moreover, while the use of
permanent magnet films to provide longitudinal bias is
perhaps the most efficacious technique known,
conventional designs nevertheless result in inferior
and/or unreliable performance due to the tendency of
the flux from the 1nterlor ends of the permanent
magnet films to nucleate undesired edge domains in
both the MR and soft adjacent layer films.

The ultimate effectiveness of a given MR device
is very much dependant upon the properties of the
design employed, particularly when it is used in
conjunction with magnetic shields. 1In this regard, an
especially effective design 1is disclosed in the
aforementioned United States Patent Application Serial
No. 07/975,479 filed November 12, 1992. However, the
configuration described may, in some instances, result
in the device having an equilibrium with a relatively
high energy state and, at numerous realizable states
of the device, there exist multiple energy equilibrium
states. As a consequence, despite the robustness of
the design, the possibility exists that the MR or SAL
layers might switch irretrievably into one of the
nearby states thus altering the device transfer
characteristics and, hence, its operating
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SUMMARY OF THE INVENTION

Disclosed herein is a design for a soft adjacent
layer biased magnetoresistive device, and a method for
producing the same, which incorporates a natural flux
closure design utilizing substantially coplanar thin
film permanent magnets to stabilize the device while
obviating induced domain walls in the magnetoresistive
and soft adjacent layers. The device disclosed
comprises an SAL film and overlying magnetic spacer
layer ("MSL") in conjunction with an MR f£film to
produce an SAL biased magnetoresistive structure
("MRS") with the MR layer patterned to a shortened
length with respect to the SAL and MSL layers. A
separation layer? which may comprise a non-magnetic
metal such as chromium ("Cr"), a weak antiferromagnet
or a dielectric material such as alumina ("Al,03"), is
then deposited over the MSL layer and the sides of the
MR layer to a thickness of on the order of 20-300
angstroms ("A"). Permanent magnet layer portions are
then deposited over the separation layer followed by
low resistivity metal conductor electrodes, with the
spacing between the electrodes defining the sensor
active track width.

The electrodes may, in a preferred embodiment, be
coextensive with the medial ends of the permanent
magnet layer portions. Alternatively, they may overly
and contact the MR layer or be located at a point
intermediate the permanent magnet layer portions and
the MR layer.

With the design herein disclosed, in its
unexcited state, the magnetic spins in the MR and SAL
layers will naturally lie in an antiparallel state.
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Still further, due to its natural flux closure design,
this lower energy configuration results in higher
device sensitivity and greater signal output than is
produced by existing sensors. '

Broadly, what 1is disclosed herein 1is a
magnetoresistive device comprising a magnetoresistive
layer presenting first and second oppositely disposed
end portions transverse to a major axis thereof. The
magnetoresistive layer is disposed in an overlying
relationship with respect to a soft adjacent layer.
First and second permanent magnet layer portions are
positioned in an overlying relationship with respect
to the soft adjacent layer and disposed adjacent to,
but spaced apart~from, the first and second end
portions of the magnetoresistive layer in a generally
coplanar relationship thereto.

Further disclosed is a magnetoresistive device
comprising a magnetoresistive layer having a soft
adjacent layer in an underlying relationship with
respect thereto. A separation layer adjoins opposing
end portions of the magnetoresistive layer and first
and second permanent magnet regions are contiguous
with the separation layer and generally coplanar with
the magnetoresistive layer at the end portions
thereof. In operative association, the first and
second permanent magnet regions provide a longitudinal
bias to the magnetoresistive layer.

In accordance with a method for producing a
magnetoresistive device as described above there is
disclosed a process for forming a magnetoresistive
device which comprises the steps of providing a
substrate, forming a soft adjacent 1layer on the
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magnetic spacer layer and adjoining side portions of
the magnetoresistive mesa, next forming first and
second permanent magnet layer portions on the first
and second separation layer portions respectively and
then forring first and second conductive layer
portions adjoining the first and second pernanent
magnet layer portions respectively. The photoresist
region is then removed ' from the magnetoresistive
layer. In accordance w1th a more specific process,
another photore51st reglon may be additionally
patterned on the first and second conductive layer
portions and an upper surface of the magnetoresistive
mesa whereupon portions of the first and second
conductive layer portions and the upper surface of the
magnetoresistive mesa surrounding the photoresist
region are removed to define the physical dimensions

of the magnetoresistive device.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing, and other features and objects of
the present invention and the manner of attaining thenm
will become more apparent and the invention itself
will be best understood by reference to the following
description of a preferred embodiment taken in
conjunction with the accompanying drawings, wherein:

Fig. 1 is a simplified cross sectional air
bearing surface ("ABS") plan view of a prior art
magnetoresistive sensor utilizing permanent magnet
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substantially coplanar relationship achieved between
the permanent magnet layer portions and the active MR
layer as well as the absence of induced domain walls
utilizing the mnatural flux closure design herein
disclosed;

Figs. 2B and 2C are additional isometric views of
the MR device of Fig. 2A wherein, respectively, the
conductors are indicated as overlying and contacting
the MR layer instead of the permanent magnet layer
portions (in a further alternative embodiment, the
conductors maygvbe excluded altogether and the
permanent magnet layer portions wused as the
conductors) and the MR layer is patterned into a
substantially elliptical shape 1in 1lieu of the
rectilinear shape illustrated in the preceding Fig 23;

Fig. 3 1s 'a more detailed, partial cross
sectional plan and isometric ABS wview of a MR
read/write transducer in accordance with the present
invention incorporating the design of Figs. 2A-2C
further illustrating the transducer substrate and
various layers underlying the natural flux closure MR
device as well as associated shields and write
components; and

Figs. 4A-4F are successive simplified isometric
views of a self-aligned process flow for producing the
MR device of the ® preceding Figs. 2A-2C and 3
illustrating the salient processing steps in the

production thereof.
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In addition to the undesirable stacked nature of
the prior art MR sensor 10, wherein the permanent
magnet layers 20 are in an overlying relationship with

respect to an MR layer 12, which is itself generally
coextensive in length with the underlying SAL layer 14
and MSL layer 16, this device design exhibits the
tendency to nucleate edge domains in both the MR layer
12 and SAL 1ayer~14. This is primarily due to the
magnetic flux emanating from the medial ends of the
permanent magnet layers 20 producing the induced
domain walls 22 in the area shown. As can be seen,
the induced domain walls 22 cause a reversal of the
flux in the active region of the MR layer 12 and also
result in an indeterminate magnetic state in the SAL
layer 14 in the region underlying the same active
region.

With reference now to Fig. 2A, a natural flux
closure MR device 30 in accordance with the present
invention is shown. MR device 30 comprises, in
pertinent part, an MR layer 32 which is shortened in
length with respect to an underlying SAL layer 34 and
an intermediate MSL layer 36. In a particular
embodiment, the MR layer 32 may comprise substantially
between 200-500 A of nickel iron ("NiFe"). The SAL
layer 34 may also comprise substantially between 200-
500 A of nickel iron molybdenum ("NiFeMoY), nickel
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("NiFeTa"). The MSL layer 36 may comprise
approximately 100-250 4 of tantalum ("Ta") or titanium
("Tivy.

A pair of separation layer portions 38 adjoin the
opposing end portions of the MR layer 32 and overlie
the MSL layer 36 substantially as shown. A pair of
permanent magnet layer portions 40 are deposited over
the separation layer portions 38 in substantially
coplanar relationship with respect to the MR layer 32.
The separation layer portions 38 may comprise a non-
magnetic metal such as chromium ("Cr"), a weak
antiferromagnet or a dielectric material such as
alumiha ("Al,03"). It should be noted that the

separation layer can also be utilized to enﬁan:e or
control the material properties of the MR layer- 32.
In a particular embodiﬁent, the permanent magnet
layers may comggise coba}t platinum ("CoPt"), cobalt
platinum tantalum ("Co?tTa") or cobalt platinum
chromium ("CoPtCr").
' A pair of conductors 42 are formed in contact
with and overlying the permanent magnet layer portions
40 as shown to define the trackwidth of the MR device
30 as will be more fully described hereinafter. The
conductors 42, which may comprise gold ("Au") or other
suitable conductive material, may also, as also
described hereinafter, overlie solely the MR layer 32
or overlie both the MR layer 32 and the permanent
magnet layer portions 40. In an alternative
embodiment (not shown) the permanent magnet layer
portions 40 may be utilized as electrical contacts to
the MR device 30 in lieu of the conductors 42 shown.
As can be seen, the natural flux closure design
of the MR device 30 provides a uniform magnetic flux
direction to the MR layer 32 in the active region of
the MR device 30 as well as a uniform magnetic flux
through the SAL layer 34 due to the flux closure
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embodiment for a natural flux closure MR device 30 is
shown. As with the preceding embodiment illustrated
in PFig. 23, the MR device 30 comprises a
magnetoresistive structure ("MRS") comprising a
rectilinear s’:aped MR layer 32 overlying an SAL layer
34 and having an MSL layer 36 interposed therebetween.
The separation layer portions 38 separate the
permanent magnet layer portions 40 from the opposing
ends of the MR layer 32 as before. In this
embodiment, the conductors 42 are aligned with, and
provide electrica} contact to, the MR layer 32 instead

-0of the permanent magnet 1layer portions 40 as

previously shown and described.

With reference additionally now to Fig. 2C, an
additional alternative embodiment of an MR device 30
in accordance with the present invention is shown. In
this embodiment, the active portion of the MR device
30 comprises a substantially elliptically shaped MR
layer 32 separated from conformally shaped permanent
magnet layer portions 40 by means of separation layer
portions 38. The substantially ellipsoid shape of the
MR layer 32 1is disclosed in United States Patent
Application Serial No. 07/975,479 filed November 12,
1992 for "Magnetoresistive Device and Method Having
Improved Barkhausen Noise Suppression. In a
preferred embodiment, the elliptically shaped MR layer
32 will have a principal axis dimension along the
longitudinal axis of the MR layer 32 of between 1.1 to
1.5 times the desired magnetic trackwidth.
Concomitantly, the axis orthogonal to the longitudinal

used



substantially elliptical shape in lieu of the rectilinear shape illustrated
i'n the preceding Fig 2A Fig. 3 1s a nore detailed, partial cross
sectional plan and isonmetric ABS view of a MR read/ wite transducer in
accordance with the present invention incorporating the design of Figs.
2A-2C further illustrating the transducer suldstrate and various |ayers
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surface leaves the MR layer 32 with a slightly
flattened bottom portion such that all of the MR layer
32 along the ABS is exposed and parallel to the
lapped/polished surface. _
With reference additionally now to PFig. 3, a
natural flux closure MR read/write transducer 50 is
shown incorporating the principals of the MR device 30
described previously with respect to Figs. 2A-2C. The
MR read/write transducer 50 is constructed upon a
substrate 52 which may comprise silicon ("si"), glass,
alumina titanium carbide ("Al,0;-TiC") or other

suitable material.

An overlying underlayer 54 is formed upon the
substrate 52 and may comprise silicon dioxide ("SiO,")
or alumina. A first shield layer 56 may be formed on
top of the underlayer 54 prior to deposition of a
first gap layer 58. The first gap layer 58 may
comprise either alumina, silicon dioxide or other
suitable material.

The MR read/write transducer 50 then presents an
SAL layer 60, an overlying MSL layer 62 and a
shortened, overlying MR layer 64 forming the device
MRS structure. As previously described, separation
layer portions 66 are formed over the MSL layer 62
comprising substantially between 20-300 A of a non-
magnetic metal or dielectric material. The separation
layer portions 66 adjoin the opposing end portions of
the MR layer 64. As also previously described, a pair
of permanent magnetic layer portions 68 overlie the
two separation layer portions 66 and are separated
from the end portions of the MR layer 64 by the
thickness of the separation layer portions 66. f%ae
permanent magnet layer portions 68 are substantially
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design exhibits t
12 and SAL | ayer

| ayer 14 in the r
reference now to

| ié:fé&f}fl%%&%%ﬂ?%ﬁ hﬁiﬁéﬁﬁe%téﬁ@ tfddibter indrelisea
in thickness by the additional deposition of more
conductive material.

The MR read/write transducer 50 comprises a
second gap layer 72 which may be forred of materials
the same'as, or similar to, those of the first gap
lJayer 58. To complete the structure of the MR
read/write transducer 50, a merged shield-pole 74,
write gap 76 and a trailiﬂg write pole 78 are formed.

With referenge additjonally now to Figs. 4A-4F,
a process flow for constructing a natural flux closure
MR device in accordance with the present invention and

‘the preceding description of Figs. 2A-2C and Fig. 3 is

shown.

With reference particularly now to Fig. 44, the
MRS layers 100 which may be formed upon the substrate,
underlayer, shield and gap layers illustrated in Fig.
3 is shown. The first step shown is the deposition of
a soft adjacent layer 102 followed by the deposition
of a magnetic spacer layer 104. A blanket MR film
deposition forming MR layer 106 then follows. The
various materials and thicknesses appropriate for
forming the respective portions of the MRS layers 100
may be those described previously with respect to the
preceding Figures.

With reference additionally now to Fig. 4B, a

region of patterned photoresist 108 is formed on top

of the MR layer 106 having sides sloping in a manner
substantially as shown in this simplified illustration



cl osure MR device 30 in accordance with the present invention is shown.
MR device 30 conprises, in pertinent part, an MR layer 32 which is
shortened in length with respect to an underlying SAL | ayer 34 and an
intermedi ate MSL | ayer 36. In a particul ar enbodi nent, the MR | ayer 32
may conprise substantially between 200-500 Atdf nickel iron ("N Fe"). The
SAL layer 34 may al so conprjse substantially between 200- 500 A of nickel

i ron nol ybdenum (" M¢e§ﬂp3;ltﬁ%@e¢he subsequent processing of the devige

i ron chrom um ("N Fekd "go ogeguhp{_(einitfm de(?]jtzx@gug\m( %M@Eﬁ% . TTPe VSBL

Yo 30 TR CoPT Seuspr o gRtely Mo Al tart A LT B

opposi ng end porti ooperdtide MR hagertdPemnak otltes |éxpddeal Mipperysir Béce

substantially as shown.y & 921 {20br 106 to produce a mesa 110 comprising
a shortened MR layer 106 and an MSL layer 104 somewhat
reduced in thickness due to the ion milling operation.
In practice, the ion milling operation may be carried
out as a function of time/power until the desired
amount of material removal is effectuated or,
alternatively, the process may be controlled by
reference to a secondary ion mass spectrometer for
providing an indication of when the desired portions
of the MR layer 106 have been removed and the upper
surface of the MSL layer 104 is then being removed.
Using tantalum as an MSL layer 104 has proven to be
particularly advantageous with respect to the former
time/power process control.

With reference additionally now to Fig. 4D,
separation layer portions 112 are then deposited to a
thickness of between 20-300 A overlying the wupper
surface of the MSL layer 104 and the sides of the mesa
110 adjoining the opposing end portions of the MR
layer 106. Likewise, a pair of permanent magnet layer
portions 114 are then deposited overlying the
separatidn layer portions 112 such that they are
separated from, but substantially coplanar with, the
shortened MR layer 106 comprising the mesa 110.
Conductors 116 may then be deposited overlying the
permanent magnet layer portions 114 to provide
electrical contact to the device and define the
desired device trackwidth.

With respect to the deposition processes
described with respect to Fig. 4D, it can also be seen
that a separation layer 112°, a permanent magnet
portion 114 ' and a conductor 116 ' are simultaneously
formed on the upper surface of the previously



permanent magnet |ayer portions 40 are deposited over the separation |ayer
portions 38 in substantially coplanar relationship with respect to the MR
| ayer 32. The separation |ayer portions 38 may conprise a non- magnetic
metal such as chromum ("Cr"), a weak antiferromagnet or a dielectric
material such as alumna ("Al[err]derr]").14 It should be noted that the
separation |ayer can also be utilized to enhance or control the naterial
properties of the Npatbgened2. photarpaistculias enhodi s@aitibhe per metiest

magnet | ayers may cC L s£: CODb [ (" : ba p I num
tantal um (" CoPt Ta")&%%)é%:%g%ﬁ? gﬁL%t P‘lhtﬁém %ﬁ‘%’m g?ng%t%ﬁﬁg%r " #‘ h% Aalf)%al‘sr of
“conductors 42 are fadhedning cdm aasanlin. affheopetkyingst andperhckressengnet

l ayer portions 40 aﬁofh%t%é&fﬁa&qohhelsfr@&k\yo%ao% thea MR M&%é@ as
will be nore fully described héreinafter. "The Conductors 42, I ch may
conprise gold ("Au"yagpebiimyes Rarhiodsc bhti ARG Fondctors 118apa¥| k8 ass
al so described her epreficiislpveaekiceibaichithharddpdcayeto32hey Pvetdd ndpot h
the MR | ayer 32 an%{{g Her manent magnet | ayer portions 40. In an
al ternative enbodi nen fno’t shown) the pernmanent nagnet |ayer portions 40
may be utilized as el ectPethdwimmt &bes proceseinB desteps 30 lustiratedofin he

Conhe ohan 42 S0°prEiTetD] $H8, BhcRSaesbbeuty Serbithbhd iy 85k O
with the overlying separation layer 112 ‘, permanent
magnet portion 114’ and conductor 116 ' and a second
photoresist operation is wundertaken to provide a
second patterned photoresist 118. As can be seen, the
second patterned photorésist 118 is wutilized in
conjunction with another ion milling operation shown
in Pig. 4F to form a natural flux closure MR device
120 having the appropriate physical dimensions for the
intended application. The natural flux closure MR
device 120 shown in Fig. 4F exhibits a trackwidth
("t,") and a stripe height (the width of the active MR
region taken orthogonally to the trackwidth dimension)
as is appropriate for the particular application in
which it will be employed following a conventional
lapping and polishing operation along what will become
the air bearing surface.

What has been provided, therefore, is a design
for a soft adjacent layer biased magnetoresistive
device, and a method for producing the same, which
incorporates a natural flux closure design utilizing
substantially coplanar thin film permanent magnets to
stabilize the device. The device disclosed comprises
an SAL film and overlying MSL layer in conjunction
with an overlying MR film to produce an SAL biased MRS
structure with the MR layer then patterned to a
shortened length with respect to the SAL and MSL
layers. A separation layer, which may comprise a non-
magnetic metal or a dielectric material is then



direction to the MR layer 32 in the active region of the MR device 30 as
well as a uniformmagnetic flux through the SAL |ayer 34 due to the fl ux

cl osure 10 between the | ateral ends of
t he permanent magner |ayer portions 40 and the | ateral ends of the SAL

| ayer 34. Uilizing the natural flux closurasdesign for the MR device 30

di scl osed herein, no undesired domain walls are induced within either the
MR | ayer 32 or the demitachpv@at dhey#Si34ayer andi ther efideenes e tMr Fi 0.

2B, an alternativelea{ry&dl nt, f ur uxngl 0 dgvice 30, is
shown. As with the p ecedlgﬁgtae&il rre%{s i% ué{’r aP%d %\ge%F:vg.f 3\62§, O the MR
device 30 conpri feFrmanenimghegeetsilayeye postigosurare (tMRS" demasiradsi ng

a rectilinear shapes,dyRtHy Yepaza®ieh! Yapsr Fo ud Ny 3 AHEMAENHAN
MSL | ayer 36 inter plosed t her ebet ween.
ow resistivity metal conductor electrodes, with the

spacing between the electrodes defining the sensor
active track width.

While there have been described above the
principals of the present invention in conjunction
with specific structure, materials and processing
sequences, it is to be clearly understood that the
foregoing description is made only by way of example
and not as a limitation to the scope of the invention.

What is claimed is:
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The sepaLaLLgn—Laye%—portrons 38 Sepaﬂﬁseﬂﬁﬁ?

portlon I ng ends jof @
In th| “m !Eonductors d wigh
electrlca * o, the MR | ayer 32 instead of the

| ayer portlons 40 as previously shown an@iédescri bed. | !
additionally nowto Fig. 2C, an additional alternative enbodi nent of an M
device 30 in accor 85AEMSWith the present invention is shown. In this

enbodi nent, the acgive ﬂ%&gﬁateieéb@tmc&éw& R IRiingAs a
substantlally elliptically Shaped MR | ayer 32 separated fron1conf

ly
shaped pernanent nagnet |ayef B@ﬁﬁq§ﬁ§e§ésﬁ9vﬁe&ﬁ¥qﬁ RESRE: i h &y@%

portions 38. In a ahdf@écﬁ@ﬁaeiﬂpuhmty dﬁ.bpoeédllemd qoa:h:lt)iosahapednwei:s;er 32
wi |l have a princi

t he desired nagnet£8 Pfﬁéﬁﬁ?&?ﬁlsc%ESE ;n%% Fggksxege%?%ﬁ%g%négy% the

| ongi t udi nal in an overlying relatlonshlp with respect to a soft

adjacent layer; and

firét and second permanent maghet Ilayer
portions in an overlying relationship with respect to
said soft adjacent layer and disposed adjacent to, but
spaced apart from, said first and second end portions
of said magnetoresistive layer in a generally coplanar
relationship thereto.
2. The device of claim 1 further comprlslng a spacer
layer interposed between said magnetoresistive layer
and said soft adjacent layer, said spacer layer being
generally coextensive with said soft adjacent layer
'énd in an overlyigg relationship with respect thereto.
3. The device of claim 1 wherein said
‘magnetoresistive layer comprises NiFe.
4. The device of claim 1 wherein said soft adjacent
layer is selected from a group consisting essentially
of [NiFeMo, NiFeCr or NiFeTa].
5. The device of claim 2 wherein said spacer layer
is selected from a group consisting essentially of [Ta
or Ti}.
6. The device of claim 1 further comprising first
and second electrodes for providing electrical contact
to said device.
7. The device of claim 6 wherein said first and
second electrodes are selected from a group consisting
essentially of [Au].
8. The device of claim 6 wherein said first and
second electrodes contact said magnetoresistive layer.
9. The device of claim 6 wherein said first and
second electrodes contact said first and second
permanent magnet layer portions respectively.
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12. The device of claim 1 wherein said first and

second end portions of said magnetoresistive layer are
generally defined by an ellipse having its foci
generally along said major axis of said
magnetoresistive layer.

13. The device of claim 12 wherein said ellipse
presents a dimension along said major axis
substantially 1.1 to 1.5 times the desired magnetic
trackwidth.

14. The device of claim 12 wherein said ellipse
presents a dimension transverse to said major axis
substantially 1.1 to 1.5 +times the desired
magnetoresistive stripe height.

15. The device of claim 1 wherein said first and
second end portions of said magnetoresistive layer are
curvilinearly disposed within a plane generally
defined by said magnetoresistive layer.

16. The device of claim 1 wherein said first and
second end portions of said magnetoresistive layer are .
non-orthogonal to said major axis.

17. The device of claim 1 wherein separation between
said first and second permanent magnet layver portions
and said first and second end portions of said
magnetoresistive layer is defined by a non-magnetic
metal layer.

18. The device of claim 17 wherein said non-magnetic
metal layer is selected from a group consisting
essentially of [Cr].

19. The device of claim 1 wherein separation between
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64 by the thickne e _separation_|ayer portions 66 per manent
magnet |ayer porti¥Hd f565§%aﬁPﬁaJ$%P°nd end portions Of sa'a
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with the medial emtPY%rtions of the permanent nagnet layer portions
20, The device of claim 19 wherein said dielectric

layer is selected from a group consisting essentially
of [Al,05].

21. The device of claim 1 wherein said permanent
magnet layer portions are selected from a group
consisting essentially of [CoPt, CoPtTa or CoPtCr].
22. A magnetoresistive device comprising:

a magnetoresistive layer;

a soft adjacent layer disposed in an
underlying relationship with respect to said
magnetoresistive layer; and

first and second permanent magnet layer
portions adjacent to, but separated apart from said
magnetoresistive~ layer, said first and second
permanent magnet layer portions being generally
coplanar with said magnetoresistive layer and in an
overlying relationship with respect to said soft
adjacent layer.

23. The magnetoresistive device of claim 22 further
comprising a spacer layer interposed between said
magnetoresistive layer and said soft adjacent layer,
said spacer layer being generally coextensive with
said soft -adjacent layer.

24. The device of claim 22 comprising a separation
between said first and second permanent magnet layer
portions and said magnetoresistive layer of
substantially between 0-300 angstroms.

25. The device of claim 24 wherein sald separation is
defined by a non-magnetic metal.

26. The device of claim 24 wherein said non-magnetic
metal is selected from a group consisting essentially
of [Cr].

27. The device of claim 24 wherein said separation is
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is selected from a group consisting essentially of [Ta
or Ti].

32. The device of claim 22 wherein said permanent
magnet layer portions are selected from a group
consisting essentially of [CoPt, CoPtTa or CoPtcCr].
33. The device of claim 22 further comprising first
and second electrodes for providing electrical contact
to said device. ~

34. The device of claim 33 wherein said first and
second electrodes are selected from a group consisting
essentially of [Au].

35. The device of claim 33 wherein said first and
second electrodes contact said magnetoresistive layer.
36. The device of claim 33 wherein said first and
second electrodes contact said first and second
permanent magnet layer portions respectively.

37. The device of claim 22 wherein first and. second
end portions of said magnetoresistive layer transverse
to a major axis thereof are orthogonal to said major
axis.

38. The device of claim 22 wherein first and second
end portions of said magnetoresistive layer are
generally defined by an ellipse having its foci
generally 1lying along a major axis of said
magnetoresistive layer.

39. The device of claim 38 wherein said ellipse
presents a dimension along said major axis
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substantially 1.1 to 1.5 times the desired
magnetoresistive stripe height.
41. The device of claim 22 wherein first and second
end portions of said magnetoresistive 1layer are
curvilinearly disposed within a plane generally
defined by said magnetoresistive layer.
42. The device of claim 22 wherein said first and
second end portions of said magnetoresistive layér
transverse to a major axis thereof are non-orthogonal
to said major axis.
43. A magnetoresistive device comprising:

' a magnetcresistive layer;

a soft adjacent layer in an underlying
relationship with respect to said magnetoresistive
layer;

a separation layer adjoining opposing end
portions of said magnetoresistive layer; and

first and second permanent magnet regions
contiguous with said separation layer and generally
coplanar with said magnetoresistive layer at said end
portions of said magnetoresistive layer

whereby said first and second permanent magnet
regions provide longitudinal bias to said
magnetoresistive layer.
44. The device of claim 43 wherein said
magnetoresistive layer comprises NiFe.
45. The device of claim 43 further comprising a
magnetic spacer layer interposed between said
magnetoresistive layer and said soft magnetic layer.
said magnetic spacer layer being generally coextensive
with said soft magnetic layer.
46. The device of claim 43 wherein said
magnetoresistive layer is substantially elliptical in
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material is selected from a group consisting2
essentially of [Al,04].
51. The device of claim 43 wherein said first and

second magnetic regions are selected from a group
consisting essentially of [COPt, CoPtTa or CoPtCr].



14 patterned photoresist 108 in addition to the deposition of the
sane substances in the areas adjoining the nesa 110. The materials and

thi cknesses for the separation |ayer portions 112, permanent magnet |ayer
portions 114 and conductors 116 may be as previously_descrlbed_mnth respect
to the precedi ng Figures. Fol | owi ng theéa%oce55|ng steps illustrated
in Fig. 4D, the photoresist 108 is stripped y along with the overly!ng
separation layer 112', permanent magnet portion 114' and conductor 116" and
a second photoresist operation is undertaken to provide a second patterned
photoresist 118. As can be seen, the second patterned photoresist 118 is

utilized in conjunctBen v tgrcueaid&or Toriihly Q9nABReRLEEDI SERD LvILE- 4F
to forma natural fILgh£¥f§¥ﬁgagM2 %%gbs of :
providing a substrate;h
firstly forming a soft adjacent layer on said
substrate;
_' secondly forming a magnetic spacer layer on said
soft adjacent layer;
thirdly forming a magnetoresistive layer on said
magnetic spacer layer;
patterning a photoresist region on said
magnetoresistive layer;
removing portions of said magnetoresistive layer
surrounding said photoresist region to deflne a
magnetoresistive mesa;
fourthly forming first and second separation
R ' layer portions-~on said magnetic spacer layer and
' adjoining side portions of said magnetoresistive mesa;
fifthly forming first and second permanent magnet
layer portions on said first and second separation
layer portions respectively;
sixthly forming first and second conductive layer
portions on said first and second permanent magnet
layer portions respectively; and
removing said photoresist region from said
magnetoresistive layer.
53. The process of claim 52 further comprising the
steps of:
additionally patterning another photoresist
region on said first and second conductive layer
portions and an upper surface of said magnetoresistive
mesa to define said magnetoresistive device; and
removing portions of said first and second
conductive layer portions and said upper surface of
said magnetoresistive mesa surrounding said another
photoresist region to define said magnetoresistive



>0 having the appropriat i cal dinensions for the intended
*application. € natural f| cl osure MR device 120 shown in Fig. 4F
exhibits a tr m‘m“mmtn g") and a stripe height (the width of the
activel\/Rregﬁ m ! nally to the trackwidth dinension) as is
appropriate forxtte particular appiication ipswhich it will be enpl oyed
follow ng a conventional |apping and polishing operation along what w ||
beconme the air beari sk face. What has been provided, therefore, is
a design for a soft adjacent |ayer biased magnetoresistive device, and a
met hod for produci nP4he EereProfpen iofco?lroimt 3 Wherally asaid usteposef e
design utilizing substenidand Y isOdadled Nbut f by MinENENt ATBSEBEErd e
stabilize the device. The devi ceed_ﬁ! scl ose cg&rl ses an SAL film and
overlying ML | ayer BVE¥Hh AT YAPEh UBACHYR¥ ¥4 ng MR filmto produce an
SAL bi ased MRS strucisy e Thé hprbeeb® lofyeeldirefspaiticvaier said shept esed
|l ength with respect toth.SAL.and_N?Lil yer,s. ?se ation la whyj ch
may conprise a non- %%Yl’écfjrllg métal “B gdgi%‘FtZCP icmeﬁaaser?gl 3 sgﬁ%%ra €
having a first shield layer overlying said underlayer.
56. The process of claim 55 wherein said step of
providing is carried out by means of a substrate
having a first gap layer overlying said first shield
layer.
57. The process of claim 52 wherein said step of
firstly forming is carried out by the step of:
~ depositing a soft adjacent layer selected from a
group consisting essentially of [NiFeMo, NiFeCr or
NiFeTa].
58. The process of claim 52 wherein said step of
secondly forming is carried out by the step of:
depositing a magnetic spacer layer selected from
a group consisting essentially of [Ta or Ti].
59. The process of claim 52 wherein said step of
thirdly forming is carried out by the step of:
depositing a magnetoresistive layer substantially
comprising NiFe.
60. The process of claim 52wherein said step of
fourthly forming is carried out by the step of:
depositing a non-magnetic separation layer
substantially comprising Cr.
61, The process of claim 52 wherein said step of
fourthly forming is carried out by the step of:
depositing a dielectric separation layer
substantially comprising Al,0,.
62. The process of claim 52 wherein said step of
fifthly forming is carried out by the step of:
depositing a permanent magnet layer selected from
a group consisting essentially of [CoPt, CoPtTa or
CoPtCr].
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degosited over the MSL-layer and the sides of the MR layer to a thickness

bf on the orider,.of . er manent magnet | ayer portions are then
deposi ted ov‘sﬂ!!l a ; mwjl ayer followed by the addition of |ow
resistivity' A ectrodes, with the spacing between the

el ectrodes defining the sensor active track wgdth. Wi | e there have

been descri bed above the principals of the present invention in conjunction

wi th specific structyge, ethal ng,4or e gHggfe s bt to_pe
clearly understood that tﬁ@éféreﬁ%F%gqﬁgs§%$%§ion ?@ nade %ﬁf§ 5$§“%y°gf
exanpl e and not as aSHKERI%tFRFMIRG tife cagBpedoputhy ithembemot:  what is
claimed is: depositing a conductive layer selected from a

group consisting essentially of [Au}.

€4. The process of claim 1 wherein said step of
removing is carried out by ion milling.
63. A process for forming a magnetoresistive device
comprising the steps of:

providing a substrate;

overlying said substrate with an MRS structure;

removing a portion of an upper surface of said
MRS structure to provide an upper MR layer thereof of
shortened dimensions with respect to underlying layers
thereof; and

longitudinally biasing said MR 1layer with
substantially coplanar opposing permanent magnet layer
portions overlying éaid underlying layers of said MRS
structure and spaced apart from said MR layer.
66. The process of claim 65 wherein said step cf
providing is carried out by a material selected from
a group consisting essentially of [glass, Si or Al,04-
TiC].
67. The process of claim 65 wherein said step of
overlying is carried out by an SAL/MSL/MR structure.
68. The process of claim 65 wherein said step of
removing is carried out by the steps of:

patterning photoresist on said MRS structure to
define an MR layer mesa thereon; and

ion milling said MR layer of said MRS structure
to remove portions of said MR layer not covered by
said photoresist.
69. The process of claim 68 wherein said step of
longitudinally biasing is carried out by the steps of:

additionally overlying said MRS structure and
opposing sides of said MR layer mesa with a separation
layer; and

depositing said permanent magnet layer portions



2%20 T CLA Wfor form ng a nmagnetoresistive device
é e provi di.ng a substrate,; firstly form ng

onpri sing} ﬂ”“wi of :

a soft adj ' s;‘i/ / id substrate; secondly form ng a nmagnetic
spacer |ayer oh vl %”Edjacent | ayer; thirdly formng a
nmagnet or esi stive layer ort said magnetic spacer |ayer; patterning a
phot oresi st regi on on said magnetoresistive | ayer; renovi ng portions

of said magnetor espgt kY ¢g! gg@;réﬁu{&pwé}q said photoresist region to
nesa,

define a magnetoresistive ourthly formng first and second
separation | ayer pb?ti oRBeoRregEessSmfnetiainpddewheripdn FrihdPEeRi AF si de
portions of said naaAet6RELEY | YefBPing is cafiriédl yut opyi REahsr € and
second per nanent magget .Iiyer130£té ?s on said first agn{j second 3%3 ration
layer portions resBBLEFIaf Selected firgm A SropR; Gansisting, aFsentindly
conductive | ayer pofti{non-pagsetikc fnettlsamdt ddededtpécapnent magnet | ayer
portions respectively; [ i & j [ f sai d
magnet or esi sti ve Iﬁ/ér ) égg pr?ﬁgégpg%es'&gagﬁ cﬁagi m E'Jr ts‘{?é“ﬁ’%%%?i gtl?lr?g t he
steps of: adekteponfit|y patterning another photoresist region on said

first and second conducﬂ,ﬁ%{,@ye% pgggi'xonso@ndcaﬂdﬁ@ggfssyggacgﬁgfvia@i d

magnet oresi stive nmesa to, definhe sai d nmagnetoresistive device,; (
removi ng portions @feskrical centact e Sdd aagnetrresigtive fR¥i%hs and
sai d upper surface7ef sghd Pprekelser ast stlybm Hsa whereindidin satap ave her
photoresist regi Onfto%mg%a' Y§ carried out by the step of:
contacting said permanent magnet layer portions
with said conductors.
73. The process of claim 71 wherein said step of
forming is carried out by the step of:

contacting said MR layer with said conductors.



i %d magnet or esi stive device. 3. The process of claim1l wherein said step
providing is carried out by neans of a substrate having an overlying
under| ayer. 4. The process of claim3 wherein said step of providing is
carried out by neans of a substrate having a first shield | ayer overlying
sai d underl ayer. 5. The process of claim4 wherein said step of providing
Is carried out by neans of a substrate ha&tng a first gap |ayer overlying
said first shield | ayer. 6. The process of claim 1l wherein said step of
firstly formng is carried out by the step of: depositing a soft
adj acent | ayer selected froma group consisting essentially of N FeM,
Ni FeCr or N FeTa. 7. The process of claim1 wherein said step of secondly
forming is carried out by the step of:

o rie . _

L7 et ov1 nSBREADIREER AR G865 ARSI S BRI GHTORATING

sai d step of s NATERAL BLIXNELOSURY DESIGIUTIRYZING COPEANAR PERMANENT
MAGNET THIN FILM STABILIZATION AND METHOD OF MANUFACTURE

ABSTRACT

A soft adjacent layer biased magnetoresistive ("MR") device (30), and a method for
producing the same, which incorporates a natural flux closure desién utilizing coplanar thin
ﬁ]m permanent magnets to stabilize the device while obviating induced domain walls in the
magnetoresistive and soft adjacent layers (60) ("SAL"). The device structure includes an
SAL film and overlying magnetic spacer layer (62) ("MSL") in conjunction with an MR film ,
to produce an SAL biased magnetoresistive structure ("MRS") with the MR layer (64)
patterned to a shortened length with respect to the SAL and MSL layers (62). A non-
magnetic metal or dielectric separation layer of on the order of 20-300 angstroms ("A") is
then deposited over the MSL layer and the sides of the MR layer (64) followed by the
deposition of permanent magnet layer portions (68) substantially coplanar with the MR layer

to produce a low energy equilibria device with high sensitivity and superior signal output.
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gf/'j depositing a nmagnetoresistive |ayer substantially conprising N Fe.
The process of claiml1l wherein said step of fourthly formng is

carried out by the step of: depositing a non-magnetic separation |ayer
substantially conprising Cr. 10. The process of claim1l wherein said step
of fourthly formng is carried out by the step of: depositing a

dielectric separation |ayer substantially conprising Al[err]Jerr]. 11. The
process of claim1 wherein said step of ‘”rféthly formng is carried out by
the step of: depositing a pernanent gnet | ayer selected froma group
consisting essentially of CoPt, CoPtTa or CoPtCr. 12. The process of claim
1 wherein said step of sixthly formng is carried out by the step of:

depositing a conductive |ayer selected froma group consisting essentially
of Au. 13. The process g aim1l mherein said step of r (4 ng is carried
out by ion mlling. 14/ A process fo? orm ng ? gneto esi stive device
conprising the steps ¢f: provi di g a subst{ate pl aci ng a

magnet oresi stive struqture on said spibstrate, said nag et oresi stive 12
structure having an; llu-l-'n-l,[nﬁ oredi stive |ayer i

| ayers; renmovi pg—a—po of sald upper mad\ e theresst-ve—f aygr to
provi de an upper nagRet+e+e , FFE S Ron¢-ered—a-rergian ¢vith
respect to said undlﬂrl VIO Tay/Ers, A1Nal Ty Drasiing gal d

upper magnetoresist[ve |ayer mesa aIIy copl anar ogpedi ng
per manent magnet | aj m OIS o313 e K and spaced
apart from said uppkr_nn mw ---W ‘@ 1SS of4cl aim

14 wherein said step of providi ng s carried out Wy provi di ng a

,— A~ Fig. 1
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<
Substrate selected froma group consisting essentially of glass, Si or
Wi[err]Jerr]-TiC. 16. The process of claim 14 wherein said step of placing
is carried out by placing a soft-

adj acent -l ayer/ magneti c- spacer - | ayer/ upper - magnet or esi sti ve-l ayer structure
on said substrate. 17. The process of claim 16 wherein said step of
renmoving is carried out by the steps of; patterni ng photoresist on
sai d upper-nmagnet oresi stive-layer to dézﬂﬁe sai d nmagnet oresi stive | ayer
nmesa t hereon; and 18
ion mlling said uppeggragnetoresistive-layer to renove portions of said
upper magnetoresistivg-1layer not covered by said photoresist. 18. The
process of claim 17 erei,Q said step of longitudinally biasing is carried
out by the steps of: ' ppo%4ng sides of said
magnet or esi st e ayer; and depositing
sai d per manent 70 /Searation |ayer. 19. The
process of cl a pallyagverlying is carried
out by means of / ) ?gtin essefrially of
non- magneti c nf
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3
di el ectrics. 20. The process of claim14 further conprising the step of:
ormng a pair of conductors to provide electrical contact to said
magnet oresi stive device. 21. The process of claim 20 wherein said step of
forming is carried out by the step of: contacting said permanent
magnet | ayer portions with said conductors. 22. The process of claim 20
wherein said step of forming is carried out by the step of: contacting
sai d nagnetoresistive |layer nmesa with §9E§ conductors. 23. A
magnet or esi stive device conpri sing: a magnet oresi stive | ayer
presenting first and second oppositely disposed end portions transverse to
a mgjor axis thereof, said magngt o e:éfti e | ayer iQ_an o&?rlying
ac

\l
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H

D L L e Bkl lird

ol al =t ot

PP P el e L Ll Ll oL

N

relationship with respect to a ®of t lgyer;yand & first and
apart from said first and sedQnd dnd, pQyrTA ay6t or esi stive
" We\devi ce of claim
d - N O
magnet or esi stive | ayer and sa w?' &l O @
wherein said spacer |layer is
is selected froma group cons stT!ﬂ

second pernmanent magnet | gyer poktiens\in &n o\erlyig relNati onship with
respect to said soft adjaednt | ay®&r \and\di sjposed adj gcent %o, but spaced
| ayer in a generally coplanar r¥l at NONs \z

23 further conprising a space ayer\l o1 A

bei ng generally coextensive

overlying relationship with r :

of Ta or Ti. 26. The dEVngRO cla

conprises N Fe. 27. The deWTE™%

Ni FeTa. 28. The device of clajW 23} &

el ectrodes for providing elecfrisa
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29> The device of claim28 wherein said first and second el ectrodes are
Belected froma group consisting essentially of Au.

19 30. The device of claim?28 wherein said first and second el ectrodes
contact said nmagnetoresistive |layer. 31. The device of claim 28 wherein
said first and second el ectrodes contact said first and second permanent
magnet | ayer portions respectively. 32. T evice of claim 23 wherein
separation between said first and second permanent nmagnet | ayer portions
and said first and second end portions of said nagnetoresistive |ayer is
substantially between 20-300 angstrons. 33. The device of claim 23 wherein
said first and second end portlons of said magnetoresistive |ayer are

ort hogonal to sai-d major - XM, The device of claim23 wherein said
first and second end por {4 \d negnetoresistive layer are generally
defined by an ellipse h i j i
sai d magnetoresistive | p g of claim34 wherein said

106
100 _ o __’/)
Fig. 4A |7
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~36> The device of claim34 wherein said ellipse presents a di nension
fransverse to said major axis substantially 1.1 to 1.5 tinmes the desired
magnet oresi stive stripe height. 37. The device of claim 23 wherein said
first and second end portions of said nmagnetoresistive |ayer are
curvilinearly disposed within a plane generally defined by said

magnet oresi stive | ayer. 38. The device of claim23 wherein said first and
second end portions of said nagnetoniﬂﬁﬁive | ayer are non-orthogonal to
said major axis. 39. The devi ﬁ f cl 23 wherein separation between said
first and second per mppgnt nag | ay¢d’ por . 86’ and said first and second
end portions of said magnetorgsigti ve |ayey is defined by a non-nmagnetic
nmetal |ayer. 40. The dew ) v ei n sai d non-magneti c netal

| ayer is selectedffigppm a X $Ng esseqtially of Cr. 41. The device
of claim 23 wherein sgpars Re\WeEn said firskhh and second per manent
magnet | ayer portions ang 3 N Zhd pd08 ons of said
nagnetoresistive1?g¥er IR el OB N 2. The device of
claim 41l wherein e P gr 84 consi sting
essentially of Alferr]Je rein said

per manent nagnet | ayer porti ON nsi s ﬁﬁg
essentially of CoPt, CoPtTa or [
conpri si ng: a nmagnet or esy

di sposed in an underlying relationship

magnet or esi sti ve liﬁfn; an
Ig. 4D
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L.acent--+o,

fggom sai d magnetoresi stive |ayer, said fi {774 aegmaem&lﬁagti%&
I‘ayer portions ‘being generally copl anar h said nmagnet )r"_ tStTve ayer

and in an overlying relationship with respect to said soft %y
45. The magnetoresistive device of claPm 44 further conphi s acer

| ayer |nterp ed be d netoresl stjve layer and sch”sniLMadj—aeLnt
| ayer, said spa@&F ggeb@ ge gﬁ@ral FyCRoEREERSFYEPAPER SARE MBft

adj acent | ayeensdgs, Thfaueiewactemfalcsl aiim 4ercorgl | skeg ﬁosW
d first
raonet o sei Sy S 2ERNURRER BRSNS MR D 985 8045081 ke 47 e

magnet or esi st1ve layer ween ang
devi ce of cl%RA¥RG tthebei migdily sé@épéﬂv’@n angl deavaeddsyr athenmadbgnetic
nmetal . 48. Thradgwteeigtiekai m 46 wherein said non-magnetic nmetal is

selected froma group consisting essentially of C. 49. The device of claim
46 wherein said s@Bagﬁt?ib‘he‘?% det ﬁf@d’%ﬁgﬁ éF@Pé@F‘Fl énhareptavitso. The

devi ce of clthen d8evbersh ﬁﬁai?eﬂreh&ghét%ﬂqﬁﬁvﬁdelBox‘é@iﬁ@&ﬁ@?irﬁm a
group consi s Lally err err evice of claim44
wher ei n sai dﬁigghegos’uéqbﬁr OeP ﬁeglfr%h‘% rﬁﬂ%& Gﬁ“?é’edeW%e of claim
44 wherein sa$e oFFf taad@caﬁndmestabliezedt éthrfaugh atlgeoum;ecoaﬁl sting
essentially Hsénh&E&P{’e nbbRECT e2nald. o T cierlle, deiiEneloRl 24 Vherel n

sai d spacer layer Is seléected roma gro Sonsi’stT ng
*o hedad designs using permanent magnets for Barkhausen

noise suppression have been found to be not

205 | frfﬂ**eﬁd—see&ﬁd—pefﬁanent magn%

particularly well suited for use with closely coupled
magnetic shielding layers. Moreover, while the use of
permanent magnet films to provide longitudinal bias is
perhaps the most efficacious technique known,
conventional designs nevertheless result in inferior
and/or unreliable performance due to the tendency of
the flux from the J_nterlor ends of the permanent
magnet films to nucleate undesired edge domains in
both the MR and soft adjaeent layer films.

The ultimate effectiveness of a given MR device
is ve'ry:. much- dependant upon the properties of the
design Iemployed, particularly when it is used in
conjunction with magnetic shields. However, the
configuration - may, in some instances, result
in the device having an equilibrium with a relatively
high energy state and, at numerous realizable states
of the device, there exist multiple energy equiljibrium
states. As a consequence, despite the robustness of
the design, the possibility exists that the MR or SAL
layers might switch irretrievably into. one of the
nearby states thus altering the device transfer
characteristics and, hence, its operating



essentially of_Ta or Ti. 54. The device of claim44 wh
magnet | ayer p%@iﬁd froma group consi

CoPt, CoPtTa or CePtCr . evice of claim44 fur
and second el ectro;’des ‘for Pproviding electrical contact \t
The device of ‘i dl%iT‘SS wherei- n said first and second elie trodes ar
sel ected froma group consi-sting.essentiélly of Au. 57.
55 wherein said first and second el ectrodes contact sai

layer. 58. The device of claimb55 wherein said first and-second el ectrodes
contact said first and second pernanent magnet Iayer portions respectively.

59. The dev 0 r r I d
nmagnet or e@%‘%f@ilfz gbgn{; eé&e F §e lgdhaasém CO%%% Per eo g‘% ie&gﬁaﬁgzéﬁal to
sai d maj om efféctive G@ta tnamed@evim@p@ﬁlculaapmmerm&sémagq application- second end
portions of said magnetoresistive |layer are generally defined by an ellipse
having its foci generally lying along a major axis of said magnetoresistive
| ayer. 61. The device of cI aim 60 wherein said ellipse presents a di mension

al ong sai g y 1.1 to 1.5 tines the desired magnetic
trackw dt h.

According to one aspect of the first invention there is disclosed a process for forming
a magnetoresistive device comprising the steps of:

providing a substrate;

firstly forming a soft adjacent layer on said substrate;

secondly forming a magnetic spacer layer on said soft adjacent layer;

thirdly forming a magnetoresistive layer on said magnetic spacer layer;

patterning a photoresist region on said magnetoresistive layer;

removing portions of said magnetoresistive layer surrounding said photoresist region
to define a magnetoresistive mesa;

fourthly forming first and second separation layer portions on said magnetic spacer
layer and adjoining side portions of said magnetoresistive mesa;

fifthly forming first and second permanent magnet layer portions on said first and
second separation layer portions respectively;

sixthly forming first and second conductive layer portions on said first and second
permanent magnet layer portions respectively; and

removing said photoresist region from said magnetoresistive layer.

According to another aspect of the first invention there is disclosed a process for
forming a magnetoresistive device comprising the steps of:

providing a substrate;

placing a magnetoresistive structure on said substrate, said magnetoresistive structure
having an upper magnetoresistive layer, and having underlying layers;

‘removing a portion of said upper magnetoresistive layer to provide an upper
magnetoresistive layer mesa of shortened dimensions with respect to said underlying layers;
and

longitudinally biasing said upper magnetoresistive layer mesa with substantially
coplanar opposing permanent magnet layer portions overlying said underlying layers and
spaced apart from said upper magnetoresistive layer mesa.



2% 62. The device of ctarm66—wherein said ellipse presents a di nension
transverse to said major axrsswbstantially 1.1 to 1.5 tines the-desire
magnet or esi stive stripe, heifglit. ~63. The device of claim 44 wher.ei n f F 5t
and second end ‘portions gof sgiid magnet oresi stive |ayer jaf&-eurvitinearly
di sposed within a plane gener.ally defined by said magnet s@i, egbRy €r |
64. The device of claim44 wherein said f#rst and secon “3 ﬁii ons qf
sai d nmagnetoresi stive |ayer transverse &xp axi.s th _ —
agnetoresistive
yer in an

) : a_[mj or axi:
non- or t hogonal ASPTIRE 0 B AiPeshgtdhe sagon lWﬁ'&FPé‘Jt‘g?@é? dis¢lpse
conpri si ngdevice congprisiggaet or esi stive |ayer; a soft adj.acent—t
underlying rel ationship w th respect. ' oresl Sl I [ a
separation | ay%P’aéﬂffs‘Sﬁeﬁ‘r‘%“ @Bﬁ%‘?ﬁ?@‘{“éﬁﬁf%%ﬁ%ﬁgyﬁmég%Sd???é%é‘t%@g |rt§ Byve
| ayer; andtransverstito 8majorchxietheredf, saidmnagnetoresisgive layer i anmeverlying nglationship t h
sai d separ%%qg#g@tytgra &ﬁdadﬁla%?&rli%éyarﬁppl anar with said magnetoresistive

€

| ayer at sai portions”of sald magnetoresistive Ia?(e,r wher eby said

first and secofiest ped srEAeh PeTRAGRRIIMAZRG! IBHEF ROFERASIR 2P GXEH Yipg relationshig Wity saj d
nmagnet or estegpdcy @ sAY Soft adificent edMd disparéd sdfdem 5 bt ¥pacddrupatifebm, said first

nd

magnet oresi stive | ayer conprjs Ni Fe. 67. The device claim 65 furt.her
conpri si ng %@‘Fde?‘%fp(gﬁﬁg“g?ﬂﬁ pENCIArEsISHvE SAYeh & %%I}?I‘éﬁ'l W%&?&?P&%’P& ive
| ayer and twerefo.soft magnetic |ayer said nagnetic spacer |ayer being

general |y coex g ' ' rgg%ghgtﬁ : : evi ce of
cl ai m 65 V\/nere%ﬁ&;g]}_sg tg\rr%%&r}g orsg?sﬁ?gﬁh\?e ayeﬁrn?eldga%{u §ot %ﬁ‘i’?°g‘fgﬁ‘§/qe| liptical in
conf i gur at magnet@gsistiveedeyiogicoBPHSIDE] ai m 65 wherein said separation |ayer

conprises a n%m@%&tegigﬁm%n

a soft adjacent layer disposed in an underlying relationship with respect to said
magnetoresistive layer; and

first and second permanent magnet layer portions adjacent to, but separated apart
from said magnetoresistive layer, said first and second permanent magnet layer portions
being generally coplanar with said magnetoresistive layer and in an overlying relationship
with respect to said soft adjacent layer.

According to still another aspect of the second invention there is disclosed a
magnetoresistive device comprising:

a magnetoresistive layer;

a soft adjacent layer in an underlying relationship with respect to said

magnetoresistive layer;

a separation layer adjoining opposing end portions of said magnetoresistive layer; and

first and second permanent magnet regions contiguous with said separation layer and
generally coplanar with said magnetoresistive layer at said end portions of said
magnetoresistive layer

whereby said first and second permanent magnet regions provide longitudinal bias to
said magnetoresistive layer. '



78. The deviLLoerv\%h_ﬂei n said non-magnetic netal is selected from
a group consgsti essentialTy of C. 71. The device of claij. rein
sai d separ atfi oyt -ayer. T ses, a dielectric materi gt ¢ AGEMTC@% e} of
dl ai m 65 wher ei nf&HiI‘#H; di el ectrijc material is select
consi sting essenptlally:of Alferr]err]. 73. The devjc erein
said first and second nagnetic,regi ons &e selected tr

essentially of CoPt, CoPtTa or 'CoPt Cr. — 22
52. A process for form ng a magnetoresistive device |c rising the steéeps
of : provi di ng a substrate; firstly formng ] | ayer
on said substrate; secondly form ng a nmagnetic spacer |ayer on said

The foregoing, and other features and objects of the present invention and the manner
of attaining them will become more apparent and the invention itself will be best understood
by reference to the following description of a preferred embodiment taken in conjunction
with the accompanying drawings, wherein:

Fig. 1 is a simplified cross sectional air bearing surface ("ABS") plan view of a prior
art magnetoresistive sensor utilizing permanent magnet



on said

sof t adj acent Iayer;\tmTTform ng a magnet o;_r_"g;s"i

n

fagneti ¢ spacer™Tayer; patterning a photor ‘sl’\%;t‘;,.,.raegrti‘ n sai d
‘.‘nagnetoresi stive |ayar;- ; ‘renovi ng portions of {sdid ma%ggtﬁ% sikstive

g ayer surroundi ng said photoresist region to defin 102200 or esi st iive
nesa, fourthly formng first and secont@separétion |a I gns on
sai d magnetic spacer, | ayer and adjoining side portiio Of said

magnet or esi stive nedEween the;katrxak 6PRFNGE i PAmE R

magnet Iayler pOFtip@ﬁtDﬁ{@a?d éhastt;@nthgndnsepgféft*%nsmyaﬁaya@t3i4qns
respectively; I Xt mn Lrst.and second conducti ye er
portions on said f?f%flé?%gsgg%ﬁgﬁgf nent” neEghet: 1 a‘g%?l%%r¥95n§¥le MR
respectively; and deviceebdvidhgclased giratedmesinst undgsdmeflr domedndwalls
magnet or esi stive | r.s e $$:1¢fe¢! dHB fuyr npL.L. Si t he
dé‘iﬁéonléﬁ%ce paﬁw?ﬁ i%he 5%rﬁ . S9TRSE SRR

steps of: addi |y erning anot her otoresi st region on
said first and secor@eEbyidngt 4E Layer Horti ons and an upper surface of

sai d magnetoresi stive ngsent ¢-cdRfriehReSadh MBINLIGI €DBST i ¥e daVtkePrataRe
removing portions of S8l defd’ 8- A0S0 (A00YHTLEVE | ARCHLRALL! 3 2
sai d upper surface®Bpodd d 18
shown. As with the preceding embodiment illustrated
in  Fig. 2a, the MR device 30 comprises a
magnetoresistive structure ("MRS") comprising a
rectilinear si:aped MR layer 32 overlying an SAL layer
34 and having an MSL layer 36 interposed therebetween.
The separation layer portions 38 separate the
permanent magnet layer portions 40 from the opposing
ends of- the MR 1layer 32 as before. In this
embodiment, the conductors 42 are aligned with, and
provide electricag contact to, the MR layer 32 instead
-of the permanent magnet layer portions 40 as
previously shown and described.
With reference additionally now to Fig. 2C, an
additional alternative embodiment of an MR device 30
in accordance with the present invention is shown. In
this embodiment, the active portion of the MR device
30 comprises a substantially elliptically shaped MR
layer 32 separated from conformally shaped permanent
magnet layer portions 40 by means of separatibn layer
portions 38. Ina preferred embodiment, the elliptically shaped MR layer
32 will have a principal axis of the MR layer 32 of between.1.1to 1.5
times the desired magnetic trackwidth. Concomitantly, the axis orthogonal to
the longitudinal



saj d magnet oresi stive mesa surroundi ng said anot her phot or esi st..- regTQ_rEjt'@
define said nagnetoresistive devi ce. 54. Th.e'"ntg_{}oqais,&'\‘ééf&@} i
|\f"'

52 wher ei n sai d {Fll u M g is carried out by nmeaps_:
hayi ng an ove'rﬂ"f‘: ﬁ mlr“m m 55. The process of clai
step of providing i ¢arfied out by neans of a substrat

shield | ayer overlying said underlayer. 36. The process ioff cl ai n

first gap | ayer overlying said first shield layer. 57. T claim
52 wherei ncgaifgstep of firstly formng is carried out by the step of:
depositing a soft adjacent |ayer selected froma

1. A process for forming a magnetoresistive device comprising the steps of:

providing a substrate;

firstly forming a soft adjacent layer on said substrate;

secondly forming a magnetic spacer layer on said soft adjacent layer;

- thirdly forming a magnetoresistive layer on said magnetic spacer layer;

patterning a photoresist region on said magnetoresistive layer;

removing portions of said magnetoresistive layer surrounding said photoresist region
to define a magnetoresistive mesa; '

fourthly forming first and second separation layer portions on said magnetic spacer
layer and adjoining side portions of said magnetoresistive mesa;

fifthly forming first and second permanent magnet layer portions on said first and
second separation layer portions respectively;

sixthly forming first and second conductive layer portions on said first and second
permanent magnet layer portions respectively; and

removing said photoresist region from said magnetoresistive layer.
2.  The process of claim 1 further comprising the steps of:

additionally patterning another photoresist region on said first and second conductive
layer portions and an upper surface of said magnetoresistive mesa to define said
magnetoresistive device; and

removing portions of said first and second conductive layer portions and said upper
surface of said magnetoresistive mesa surrounding said another photoresist region to define
said magnetoresistive device.
3.  The process of claim 1 wherein said step of providing is carried out by means of a
substrate having an overlying underlayer.
4,  The process of claim 3 wherein said step of providing is carried out by means of a
substrate having a first shield layer overlying said underlayer. '
5.  The process of claim 4 wherein said step of providing is carried out by means of a
substrate having a first gap layer overlying said first shield layer.
6.  The process of claim 1 wherein said step of firstly forming is carried out by the step
of:

depositing a soft adjacent layer selected from a group consisting essentially of
NiFeMo, NiFeCr or NiFeTa.
7.  The process of claim 1 wherein said step of secondly forming is carried out by the
step of:
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9.  The process of claim 1 wherein said step of fourthly formmg is carried out by the step
of:
depositing a non-magnetic separation layer substantially comprising Cr.
10. The process of claim 1 wherein said step of fourthly forming is carried out by the step
of: _
depositing a dielectric separation layer substantially comprising Al, Os.
11. The process of claim 1 wherein said step of fifthly forming is carried out by the step

-(U

of:

depositing a permanent magnet layer selected from a group consisting essentially of
CoPt, CoPtTa or CoPtCr.
12. The process of claim 1 wherein said step of sixthly forming is carried out by the step
of:

depositing a conductive layer selected from a group consisting essentially of Au.
13. The process of claim 1 wherein said step of removing is carried out by ion milling.
14. A process for forming a magnetoresistive device comprising the steps of:

providing a substrate;

placing a magnetoresistive structure on said substrate, said magnetoresistive structure
having an upper magnetoresistive layer, and having underlying layers;

removing a portion of said upper magnetoresistive layer to provide an upper
magnetoresistive layer mesa of shortened dimensions with respect to said underlying layers;
and

longitudinally biasing said upper magnetoresistive layer mesa with substantially
coplanar opposing permanent magnet layer portions overlying said underlying layers and
spaced apart from said upper magnetoresistive layer mesa. '
15. The process of claim 14 wherein said step of providing is carried out by providing a
substrate selected from a group consisting essentially of glass, Si or Al, O3 -TiC.
16. The process of claim 14 wherein said step of placing is carried out by placing a soft-
adjacent-layer/magnetic-spacer-layer/upper-magnetoresistive-layer structure on said
substrate.
17. The process of claim 16 wherein said step of removing is carried out by the steps of:

patterning photoresist on said upper-magnetoresistive-layer to define said
magnetoresistive layer mesa thereon; and
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depositing said permanent magnet layer portions on said separation layer.

19. The process of claim 18 wherein said step of additionally overlying is carried out by
means of a material selected from a group consisting essentially of non-magnetic metals or
dielectrics. _

20. The process of claim 14 further comprising the step of:

forming a pair of conductors to provide electrical contact to said magnetoresistive
device.

21. The process of claim 20 wherein said step of forming is carried out by the step of:
contacting said permanent magnet layer portions with said conductors.

22. The process of claim 20 wherein said step of forming is carried out by the step of:
contacting said magnetoresistive layer mesa with said conductors.

23. A magnetoresistive device comprising:

a magnetoresistive layer presenting first and second oppositely disposed end portions
transverse to a major axis thereof, said magnetoresistive layer in an overlying relationship
with respect to a soft adjacent layer; and

first and second permanent magnet layer portions in an overlying relationship with
respect to said soft adjacent layer and disposed adjacent to, but spaced apart from, said first
and second end portions of said magnetoresistive layer in a generally coplanar relationship
thereto.

24. The device of claim 23 further comprising a spacer layer interposed between said
magnetoresistive layer and said soft adjacent layer, said spacer layer being generally
coextensive with said soft adjacent layer and in an overlying relationship with respect
thereto. _ '

25. The device of claim 24 wherein said spacer layer is selected from a group consisting
essentially of Ta or Ti.

26. The device of claim 23 wherein said magnetoresistive layer comprises NiFe.

27. The device of claim 23 wherein said soft adjacent layer is selected from a group
consisting essentially of NiFeMo, NiFeCr or NiFeTa.

28. The device of claim 23 further comprising first and second electrodes for providing
electrical contact to said device.

29. The device of claim 28 wherein said first and second electrodes are selected from a
group consisting essentially of Au.
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second permanent magnet layer portions respectively.
32. The device of claim 23 wherein separation between said first and second permanent
magnet layer portions and said first and second end portions of said magnetoresistive layer
is substantially between 20-300 angstroms.
33. The device of claim 23 wherein said first and second end portions of said
magnetoresistive layer are orthogonal to said major axis.
34. The device of claim 23 wherein said first and second end portions of said
magnetoresistive layer are generally defined by an ellipse having its foci generally along
said major axis of said magnetoresistive layer.
35. The device of claim 34 wherein said ellipse presents a dimension along said major
axis substantially 1.1 to 1.5 times the desired magnetic trackwidth.
36. The device of claim 34 wherein said ellipse presents a dimension transverse to said
major axis substantially 1.1 to 1.5 times the desired magnetoresistive stripe height.
37. The device of claim 23 wherein said first and second end portions of said
magnetoresistive layer are curvilinearly disposed within a plane generally defined by said
magnetoresistive layer.
38. The device of claim 23 wherein said first and second end portions of said
magnetoresistive layer are non-orthogonal to said major axis.
39. The device of claim 23 wherein separation between said first and second permanent
magnet layer portions and said first and second end portions of said magnetoresistive layer
is defined by a non-magnetic metal layer.
40. The device of claim 39 wherein said non-magnetic metal layer is selected from a
group consisting essentially of Cr.
41. The device of claim 23 wherein separation between said first and second permanent
magnet layer portions and said first and second end portions of said
magnetoresistive layer is defined by a dielectric layer.

42. The device of claim 41 wherein said dielectric layer is selected from a group
consisting essentially of Aly Oj. '
43. The device of claim 23 wherein said permanent magnet layer portions are selected
from a group consisting essentially of CoPt, CoPtTa or CoPtCr.
44. A magnetoresistive device comprising:

a magnetoresistive layer;

a soft adjacent layer disposed in an underlying relationship with respect to said
magnetoresistive layer; and
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eing generally coplanar with said magnetoresistive layer and in an overlying relationship
with respect to said soft adjacent layer.
45. The magnetoresistive device of claim 44 further comprising a spacer layer interposed
between said magnetoresistive layer and said soft adjacent layer, said spacer layer being
generally coextensive with said soft adjacent layer.
46. The device of claim 44 comprising a separation between said first and second
permanent magnet layer portions and said magnetoresistive layer of substantially between 0-
300 angstroms.
47. The device of claim 46 wherein said separation is defined by a non-magnpetic metal.
48. The device of claim 46 wherein said non-magnetic metal is selected from a group
consisting essentially of Cr.
49. The device of claim 46 wherein said separation is defined by a dielectric material.
50. The device of claim 49 wherein said dielectric material is selected from a group
consisting essentially of Al, Os.
51. The device of claim 44 wherein said magnetoresistive layer comprises NiFe.
52. The device of claim 44 wherein said soft adjacent layer is selected from a group
consisting essentially of NiFeMo, NiFeCr or NiFeTa.
53. The device of claim 49 wherein said spacer layer is selected from a group consisting
essentially of Ta or Ti.
54. The device of claim 44 wherein said permanent magnet layer portions are selected
from a group consisting essentially of CoPt, CoPtTa or CoPtCr.
55. The device of claim 44 further comprising first and second electrodes for providing
electrical contact to said device.
56. The device of claim 55 wherein said first and second electrodes are selected from a
group consisting essentially of Au.
57. The device of claim 55 whereln said first and second electrodes contact said
magnetoresistive layer. _
58. The device of claim 55 wherein said first and second electrodes contact said first and
second permanent magnet layer portions respectively.
59. The device of claim 44 wherein first and second end portions of said magnetoresistive
layer transverse to a major axis thereof are orthogonal to said major axis.
60. The device of claim 44 wherein first and second end portions of said magnetoresistive
layer are generally defined by an ellipse having its foci generally lying along a major axis
of said magnetoresistive layer.
61. The device of claim 60 wherein said ellipse presents a dimension along said major
axis substantially 1.1 to 1.5 times the desired magnetic trackwidth.
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62. The device of claim 60 wherein said ellipse presents a dimensidn transve
major axis substantially 1.1 to 1.5 times the desired magnetoresistive stripe height.
63. The device of claim 44 wherein first and second end portions of said magnetoresistive
layer are curvilinearly disposed within a plane generally defined by said magnetoresistive
layer.
64. The device of claim 44 wherein said first and second end portions of said
magnetoresistive layer transverse to a major axis thereof are non-orthogonal to said major

axis.
65. A magnetoresistive device comprising:

a magnetoresistive layer;

a soft adjacent layer in an underlying relationship with respect to said
magnetoresistive layer;

a separation layer adjoining opposing end portions of said magnetoresistive layer; and

first and second permanent magnet regions contiguous with said separation layer and
generally coplanar with said magnetoresistive layer at said end portions of said
magnetoresistive layer :

whereby said first and second permanent magnet regions provide longitudinal bias to
said magnetoresistive layer. i
66. The device of claim 65 wherein said magnetoresistive layer comprises NiFe.
67. The device of claim 65 further comprising a magnetic spacer layer interposed between
said magnetoresistive layer and said soft magnetic layer said magnetic spacer layer being
generally coextensive with said soft magnetic layer.
68. The device of claim 65 wherein said magnetoresistive layer is substantially elliptical
in configuration.
69. The device of claim 65 wherein said separation layer comprises a non-magnetic metal.
70. ‘The device of claim 69 wherein said non-magnetic metal is selected from a group
consisting essentially of Cr.

- 71. The device of claim 65 wherein said separation layer comprises a dielectric material.

72. The device of claim 65 wherein said dielectric material is selected from a group

consisting essentially of Al; Os.
73. The device of claim 65 wherein said first and second magnetic regions are selected
from a group consisting essentially of CoPt, CoPtTa or CoPtCr.



