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‘Stability CRGCSS REFER&NCE TCLRELAIED APPLICATFGNS The

present invention is related tiithe: subpect United States

Pat ent No. XXXX, XXX i ssued 5 i#/1 No.

08/392,393 filed Februal ) 2 }d.:;mﬁd"_m‘“ i 5tive Device and
i ; s€ SUppLEssI and United

Magnetoresistive Device Incorporating
Conductor Geometry Providing Substantially Uniform
Current Flow for Improved Magnetic Stability

.CROSS REFERENCE TO RELATED APPLICATIONS :
The present invention is related to the subject
matﬁer of United States Patent No. X,XXX,XXX issued
5 DDMonYY (Application Ser. No. 08/392,393 filed
February 22, 1995) for "“Magnetoresistive Device and
 Method Having Improved Barkhausen Noise Suppression"
and United States Patent Applications 'Serial No.
08/461,874 filed June 5, 1995 for "Soft Adjacent Layer
10 Biased Magnetoresistive Device Incorporating a Natural
Flux Closure Design Utilizing Coplanar Permanent
Magnet Thin Film Stabilization" and 08/401,553 filed
March 9, 1995 for "Shaped Spin Valve Type
Magnetoresistive Transducer and Method for Fabricating
15 the Same Incorporating  Domain Stabilization
Technique". The foregoing patent and patent
applications are assigned to Quantum Peripherals
Colorado, Inc., Louisville, Colorado, the disclosures
of which are hereby specifically incorporated by this

20 reference.

BACKGROUND OF THE INVENTION

The present invention relates, in general, to the

25 field of magnetoresistive ("MR") , giant

magnetoresistive (“"GMR") and spin-valve ("sv")

sensors. More particularly, the present invention

relates to an improved electrical conductor geohetry

for MR sensors providing for improved magnetic domain

30 stability, reduced Barkhausen noise and increased

reliability of operation without necessitating any
additional processing steps in implementation.
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reliability of oper e%n Wl]t.gogl.ts r;q.C%S%I:[.&er! n@hg@yfor an MR sensor to
' function effectively, it must be subjected to a
transverse bias field to linearize its response.
10 Various techniques for effectuating such transverse
biasing are known, including current shunt, "barber
pole"™ and soft adjacent film biasing. The transverse
bias field is applied normal to the plane of the
magnetic media and parallel to the surface of the MR
15 sensor. '

It is also known that an MR sensor may be
utilized in conjunction with a longitudinal bias field
extending parallel to the surface of the magnetic
media and parallel to the major axis of the MR sensor.

20 Stabilization of MR sensors by means of a longitudinal.
bias field is necessary for their application in high
track density disk drives in order to suppress

Barkhausen noise. Barkhausen noise results frdm
unstable magnetic properties such as multi-domain
25 states (or domain walls) within the MR element which

may appear, for example, following a magnetic

disturbance from an associated write head or other
external magnetic field source. _

In this regard, magnetoresistive and spin valve

30 magnetic recording' Yread" elements are ' commonly

stabilized with antiferromagnetic ("AF") materials

such as ferromanganese ("FeMn") or a permanent magnet

("PM") layer comprising cobalt platinum ("CoPt"),

cobalt platinum tantalum ("CoPtTa") or cobalt platinum

35 chromium ("CoPtCr") in order to pin the off-track

boundaries and obtain a single magnetic domain state

throughout the active MR element. However, the
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2 Magnet oresi stive sensors are known to be useful I n
readi ng data froma nagnetic surface with a sensitivity exceeding
that of inductive or other thin filmheads. [In operation, an MR
sensor is used to 5 detect magnetic field signal changes as a function
of the direction and anount of magnet3c fl ux being sensed. |t
is al so known that for an MR sensor to function effectively, it must

SF subjecteﬂ to aeffectivémesser o€ bisagsH | ebduhdatrynediase iapproashesse. 10
e e L PEy AR A" bR RHE A LR SBetve poliBN0BTEE |
bIaSIng The transherfact that the flux rapidly leaks out of the ‘active
MR region as the distance to the boundary increases.
S This undesired flux leakage is one common cause of
multi-domain states and associated Barkhausen nojise on
read back resulting ih concomitant instagility
problenms.
In conjunction with these previous approaches
10 directed toward obviating. the formation of domain
walls, none have heretofore addressed the current flow
pattern in the MR active region which is also a
significant contributing factor in the formation of
multi-domain states particularly during a read back
15 operation or in operation in the presence of stray
magnetic fields. Conventional conductor designs
induce a 90° turn in the current through the MR device
active region resulting in a non-uniform current flow
and increased-likelihood of domain wall, or multi-
20 domain state, formation.

SUMMARY OF THE INVENTION

_ The conductor geometry disclosed herein improves

25 the magnetic stability of MR, GMR and SV heads by

' modifying the current flow pattern in the active

region of the MR structure. This is accomplished in

a preferred embodiment by moving a portion of the

medial edge of a conventional conductor pattern

30 laterally of the device active region resulting in a

more streamlined and uniform current pattern. This

improved current pattern minimizes domain wall

formation in the MR structure and results in more

stable device performance, particularly during read

35 back operations and in the presence of stray magnetic
fields. -
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‘parallel to the surface of the MR 15 sensor. It is also known
that an MR sensor may be utilized in conjunction with a | ongitudi nal
bias field extending parallel to the surface.of the magnetic
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Further specifically disclosed herein is a
magnetoresistive device comprising a magnetoresistive
structure having an active region thereof forming at
least a portion of a magnetoresistive layer. At least
one conductor is in electrical contact with the
magnetofesistive structure with the conductor
presenting opposing medial and lateral edges thereof
and wherein at least a portion of the medial edge is
dispiaced laterally of the active region.

Also . further disclosed herein is a
magnetoresistive device comprising a magnetoresistive

layer presenting an easy axis extending longitudinally.

of an active region, a soft adjacent layer underlying
the magnetoresistive layer for providing a transverse
bias thereto and a magnetic spacing layer interposed
between the magnetoresistive and the soft adjacent
layer. First and second current conductors are
provided in electrical contact with the
magnetoresistive device and configured to provide
current to the magnetoresistive device at an angle of
less than 90° to the easy axis.

BRIEF DESCRIPTIOﬁ OF THE DRAWINGS

The aforementioned 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

I n
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3 - ~effectiveness of such boundary bias approaches
*di m nishes in the center of the active region due to the fact that
the flux rapidly | eaks out of the active MR region as the distance to
t he boundary increases. 5 This undesired flux | eakage is one comon
cause of mul ti-domain states and associ ated Bar khausen noi se on

read back resulting in concomtant instability pr obl ens.

In conjunction with these previous approaches 10 directed toward

obvi ating the forfeilewing deseription ofiya |prefismed gnboddments Saken

addressed the curignt cbhgWnction p%ﬁ%ﬂ“1ﬁﬁbthScE@hﬁSﬁYYﬁgre@&%@fﬂ@§ﬂ1'5
al so a S|gn|f|cant contributing factor in the fornatlon of

Fig. 1 is a simplified, cut-away, top plan view
5 of a conventional disk drive constituting one
application of a magnetoresistive sensor ‘of the
present invention as a magnetic "read" head;
' Fig. 2A is a partial top plan view showing a
conventional conductor geometry (in phantom) for a
10 magnetoresistive device wherein the current flow
pattern is indicated as having to traverse a
substantially 90° path at each end of the MR active
region;

Fig. 2B is an enlarged top plan view of the MR

15 layer of the magﬁetoresistive device of Fig. 2A
illustrating in greater detail the substantially non-
uniform current flow pattern through the device active
regidn which increases the likelihood of undesired
domain wall formation and concomitant Barkhausen

20 noise; -

Fig. 2C is an isometric view of the conventional
conductor geometry (shown in phantom) of the
magnetoresistive 'device of Figs. 2A-2B further
i_llustratir;g the MRS structure of an MR sensor in

25 accordance with the foregoing United States patent;

Fig. 3A is a partial top plan view showing an
improved conductor geometry (in phantom) for a
magnetoresistive device in accordance with the present
invention wherein the current flow pattern is

30 indicated as substantially uniform at each end of the
MR active region and therethrough thus effectively
precluding the formation of undesired domain walls;

Fig. 3B is an isometric view of the improved
conductor geometry of the present invention (shown in

35 phantom) of the magnetoresistive device of Fig. 3A
also illustrating the MRS structure thereof;
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mul ti-domain states particularly during a read back 15 - operation or in

soperation in the presence of stray magnetic fields. Conventi onal
‘conductor designs i nduce a 90[err] turn in the current through the
MR devi ce active region resulting in a non-uniformcurrent flow

and increased |ikelihood of domain wall, or nulti- 20 domai n state,
formati on. SUMVARY OF THE | NVENTI &N The conduct or
geonetry di scl osed herein inproves 25 the magnetic stability of MR GWR
and SV heads by Figdi #3i A aheraphical reswepghteataopnofhdhecMRie

region of the MR SLLpUeLUECE raid for TudSe0FBL €h€ tdrivent iona B drfuticad
enbodi nent by noving a portion of t a conventJ onal

t he ) nmedi al edgL of

conduct or .pat t er ng89metry| hlbpgtrated ymEigsvi e84kt ?‘Qee'?%dﬁ)er??'b%%ﬁ' ng in
a g nore streansi pegsead YNO&V) NstHay esdgpet ierfieldhisnd
| nprove cyrrent pattern I nim zgs ., domai I f | in the
MR structure and resul %gi'n4ﬁ10}§ a teurthes’f a%’irs(?h eval'lcgeﬁ)errefs(?rn%aa{r%e%rprbf
particularly dur|m@eruRdrasponsbatkangﬁxzu¢urﬂﬁeﬁnria1mﬂﬁ9qﬁQ§ﬁﬁi§¥¥ﬁestray
magnetic Fifhdze utilizing the improved conductor geometry of

the present invention illustrated, for example, in

Figs. 3A-3B in the presence of a stray field of like

10 magnitude.

DESCRIPTION OF A PREFERRED EMBODIMENT

With reference now to Fig. 1, a simplified, cut-

15 away, tbp plan view of a disk drive 10 is shown for
possible use in conjunction with the MR sensor of the

_ present invention. The disk drive 10 comprises, in
pertinent part, a number of disks 12 which are rotated

about a central axis. A read/write head 14, which may

20 include an MR sensor in accordance with the pfesent
invention as a "read" element, is positioned by means

of a positioner 16 with respect to a number of
concentric data tracks on the surfaces 18 of the disks

12 to enable data to be written to, or read from, the

25 magnetically hard surfaces 18 thereof. '

Magnetic instability in previous MR heads

primarily arises due to magnetic domain formation in

the active MR element (also referred to as Barkhausen

noise) and results in sudden amplitude and baseline’

30 jumping in the readback waveform. This can adversely
~affect the servo positioning feedback system of the
positioner 16 and more seriously the data error rate

in the read channel of the disk drive 10. In other

_ words, it seriously affects the disk drive’s ability
35 to correctly position the read/write head 14 over the
recorded data on the sugfaces 18 of the disks 12 and
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4 Specifically disclosed  herein  is a

ragnet or esi sti ve device conprising a nagnetoresistive | ayer havi ng an
active region thereof and at | east one conductor having a proximal -
end thereof electrically 5 coupled to the active region of the

magnet or esi stive | ayer and a distal end thereof extending primarily
longitudinally from the active region. 7 In a parti cul ar
enbodi nent, the conductor width is |esser at the proximal end than
at the distal endrel@ably readFtheheecosfedi Gacal|yHeticeql dtedanmaieddn is
a magnet or egj.SLi % S esi s

structure %aV|ng gh éc¥§$gfrggglﬁggﬁé#e%?gf%¥%?gagi€£ 26 éﬁ%?% °%.'portlon

of a magnetoresistive Wa?brr%ﬁﬁﬂaﬂﬁﬁ nhow to Flg 2A, a conventional
conductor geometry for utilization with an exemplary

5 MR device is shown. The conventional MR device 20, as
shown, comprises an MR sensor 22 which ‘mﬁyz be
utilized, for example, as a "read" head in a magnetic
disk drive.

The MR sensor 22 of the conventional MR device 20

10 . includes an MR layer active region 24 as shown as well
as, in this exemplary embodiment, a pair of
longitudinal bias elements 26, 28 disposed adjacent
opposing ends of the MR layer active region 24. The
longitudinal bias elements 26, 28 may comprise, for

15 example, pérmanent magnet elements as disclosed in the
foregoing United States Patent and Patent
Applications.

As also disclosed in the foregoing Patént and
Patent Applications, separation layers 30, 32 may be
20 interposed between the longitudinal bias elements 26,
28 respectively and the MR layer active region 24.
Also illustrated are conventional conductors 34,
36 which partially overlie and contact the MR layer
active region 24. In this regard, it can be seen that
25 the conventional conductors 34, 36 also include a
right angled corner 38, 40 respectively in the region
of the MR layer active region 24.
Additionally, it can be seen that the
conventional conductors 34, 36 include straight medial
30 edges 42; 44 extending from the corners 38, 40
respectively and generally parallel and opposing
lateral edges 46, 48 respectively.
With additional reference now to Fig. 2B, an
enlarged top plan view of that portion of the
35 conventional MR device 20 shown in Figs. 2A is shown
to further illustrate the substantially right angled
turn the current delivered to the MR sensor 22 by
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one conductor is in electrical contact mnth the 15 nﬁgnetoresistive

structure wth t he conduct or presenting opposi ng nedi al and

| at eral edges thereof and wherein at |least a portion of the nedial-
edge is di spl aced laterally of the active region. Al so
further di scl osed her ei n S a 20 magnet or esi stive device
conprising a nagnetoresistive | ayer pﬁesentlng an easy axis
extendi ng | ongitudinally an actjve regio a soft adjacent |ayer

under | yi ng oeansagREt oT'}é§| sqqq,\ger}fawa]f or°°d'tdé\ﬁttﬂ I'$y 34 «t r d8svBRSE
bias thereto and atrayegiseCbgpairtgel afethe rﬁtﬁfamﬂﬂméalal elgbsean,t e

magnet or esi stive a%%dtQ%sﬁ&@%n%dgﬁéﬁQtaEgled K %?Es 386aF6t ggdv1§?ﬁgnd

current conduct ors ectri nt ac
with the g rfduep sadisdtantd addy 0 adregxemf tyon ethe ocprventienust

current to e MRORGKRS CakSteyen I ConY 84aRy e%gg;es’»%z 4ol Nafe
90[err] to the easy axis. BRI EF DESCRI PTI THE DRA

The af or ement i oned S@RyedtHoOnalegonARstarg éﬂyeéﬁs‘:‘f?ﬁ?e‘:t]d‘feltﬂveap‘%%éﬁ?r
i nvention and the mEKeinodabEaliohain wall fdiiede idn lisheaedanteredagnar ent

and the invention to this non-uniform current flow.
With additional reference now to Fig. 2C, an

10 isometric view of the conventional MR device 20
illustrated in the preceding Figs. 2A-2B is shown. 1In
this view, it can be seen that the MR layer active
region 24 overlies a magnetic spacing layer ("MSL") 50
as well as an underlying soft adjacent layer ("“SAL")

15 52 for providing transverse bias to the MR layer
active region 24. As illustrated, the easy axis of
the MR sensor 22 is indicated by line 54 extending
substantially 1longitudinally of the conventional MR
device 20. A track width ("TW") for the MR sensor 22

20 is set by the distance between the respective
conventional conductors 34, 36 as well as the length
of the MR layer active region 24.

With reference édditionally now to Fig. 3A, an MR
device 60 in accordance with the present invention is

25 shown. MR device 60 comprises an MR sensor 62 having
an MR layer active region 64. In the embodiment
illustrated, the MR layer active region 64 may
comprise between substantially 200-500 A of NiFe or
other suitable ferromagnetic material.

30 In accordance with the teachings of the
aforementioned United States Patent and Patent
Applications, a pair of longitudinal bias elements 66,
68 may be disposed adjacent the end pdrtions"of the MR
layer active region 64 to provide a longitudinal bias

35 thereto. In the embodiment . illustrated, the
longitudinal bias elements 66, 68 may comprise
permanent magnet layers comprising CoPt, CoPtCr or
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conjunction with the acconpanyi ng draw ngs, wher ei n: Fi g.
1is asinplified, cut-away, top plan view 5 of a conventional disk
drive <constituting one application of a magnetoresistive sensor
of the present invention as a magnet®8c "read" head, Fi g.

2A is a partial top plan view showi ng a conventi onal conductor
geonetry (in phanfeRfTaer a 1 showbdetbeesnetede tHati calthbegki nthe he

current flow lon?f‘ &éiﬂalsbigg' %&S%P%% ) r&t&érﬁrﬁuéﬁé’ted as

substantially 90[err] path at each active
permanent magnet layers, other

conventional
techniques may be utilized in
5 conjunction with the present invention 1nclud1ng the

use of antiferromagnets.

longitudinal bias

Also in accordance with the teaching of the
aforementioned United States Patent and Patent
Applications, a pair of separation layers 70, 72 may

10 be . the 1ong1tud1na1
elements 66, 68 respectively, and the end portions of
the MR layer active
layers 70,

interposed between

bias
region 64. The separation
72 may comprise a non-magnetic metal such

as Cr or, alternatively, a dielectric material such as
15 aluminum oxide.

Also 1illustrated are the improved geometry
conductors 74, 76 of the MR device 60. The improved
geometry conductors 74, 76 overlie and contact the MR
layer active region 64 although, it should be noted

20 that in other applications, the improved geometry
conductors 74, 76 may provide electrical contact to
the MR device 60 by means of direct contact to the
longitudinal bias elements 66, 68 when such are
provided as PM elements.
76 include
80 adjacent one edge of the MR layer
active region 64 and present first medial edges 82, 84
having, a height ("h"). The height "h"
of the first medial edges 82, 84 of the improved

. 25 The improved geometry conductors 74,
a corner 78,

as indicated,
30 geometry

conductors 74, 76 respectively, may be

35

exactly equal to the stripe
(the width
region perpendicular to the

active region 64

larger as illustrated.

height of the MR layer
of the MR layer active
easy axis) or slightly

In a particular embodiment,

"h" may be approximately equal to 5 u.

Improved geometry conductors 74,
a respective displaced edge 86,

76 also include
88 coupling the first
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r egi on; Flg ZB |s an enlarged top plan V|em10f the NR 15
|ayer of the magnetoresistive device of Fig. 2A " illustrating in
greater detail the substantially non- uniformcurrent flow pattern
t hrough the device active regi on which increases the |ikelihood of .
undesi red domain wall formation and concom tant Barkhausen 20

noi se; Fig. 2Cis an i sonetric VA&w of the conventiona
conductor geonetry _ (shown p anto t he magnet or esi sti ve

device of Figs. Begdaig eFGP?h@P' nkPIugF?BﬁFﬁdthe ng ; feddpd of
an MR sensor in ZEedgesacscoqr dancexmttt’mé. hedard,g@ithduyg dd 1Ssatiratg@gbent ;

Fig. 3Ais a parti I n ved condu
geonetry (in phantsgrﬁ aDntDlaqq S%\g g'\#elri n§§| st d&egacge‘l%neggggr ggnce
with the present 88 may pmte'ﬁt fnqmthefIrstheneﬂwalerﬁdqés)v&%a.at&%m ithe30
i ndi cated as; substaddeadd e Nisk@omaat m%ﬁfi'ale“@d%st % 92 'Xlﬁda Y491

region and therethrough thus effectively precl'udi ng the formation of
undesi red domai n Wq&tde the benefitg: W?%n%t‘%orﬁ%#?%n?ﬁ@w of Thige
ILrpr oved . C BB meQaE! rec?qa‘s tdbef DQES%YEe i a\ieptla@ald( sm?nlil ithe35
phant o) of the MRENELONeSlSh LagdS" 63 B Felpetivery, 1Y WO didhlisiert 1N
(ra") In the embodiment illustrated, 4 may be
10 substantially between 10 apd 20 4 in length.

With reference additionally now to Fig. 3B, the
MR device 60 of the preceding Fig. 3A is illustraﬁed
in an isometric view thereof to better illustrate the
structure of the MR sensor 62. A magnetic spacing
15 layer 94 of between approximately 100-250_A of Ta'may
underlie the MR layer active region 64. Moreover, a
soft adjacent layer 96 comprising between
approximately 200-500 A of NiFeMo may be utilized to
provide a transverse bias to the MR layer active
20 region 64. As illustfated, the easy axis 98 of the MR
sensor 62 lies substantially longitudinally of the MR
device 60. _
As can be seen by reference to Figs. 3A-3B, the
current flow through the MR device 60 by virtue of the
25 improved geometry conductors 74, 76 is substantially
linear and uniform through the MR layer active
region 64. In this manner, a more uniform current
flow pattern is created thereby greatly minimizing the
likelihood of domain wall formation within the MR .
30 device 60 and the concomitant production of Barkhausen
noise. By altering the shape of the conductors to the
MR device 60 as shown, the current. flow pattern in the
MR layer active region 64 becomes more streamlined
and, hence, results in more stable device performance
35 by improving its overall magnetic stability. This ha$
been accomplished by making the first medial edges 82,
84 not colinear with the second medial edges 90, 92



6 Fig. 4Ais a graphical representation of the MR

response transfer curve for the conventional conductor ‘geonetry
illustrated in Figs. 2A-2C in the presence of a 15 Cersted ("Ce")
stray magnetic field; and 5 Fig. 4B is a further graphica
representation of the MR response transfer curve for a

magnet oresi sti ve deV|ce utilizing thélinproved conduct or giéggtry ?L
t he present inventiagn strate for exanple, i - in e
presgnce of a str&P%i gshﬁ) {atfrﬁﬁgrﬁ'i udedistance f%BES('EﬁIeP'Wb\I OF

A PREFERRED EMBODlREEE actlve reglon 64. In this manner, current flow
may be directed to the MR layer active region 64 at an
angle of less than 90 degrees thus distinguishing it

5 from the conventional MR device 20 (Figs. 2A-2C). By
moving the current turning corner away from' the MR
layer active region 64, the maximum current dénsity
near the active area is reduced significantly. This,
therefore, reduces the probability of a domaln wall

10 formation in the active area.

With reference additionally now to Figs. 4A
and 4B, a conventional transfer curve 100 for a
conventional MR device 20 (Figs. 2A-2C) as well as an
improved transfer curve 102 for the MR device 60

15 (Figs. 3A-3B) is shown. The conventional transfer
curve 100 as well as the improved transfer curve 102
are plotted with respect to a field of between -150 to
-+150 Oersteds ("Oe") and indicates their response from
between -600 to +600 microvolts.

20 Experimentally, a field of up to 100 Oe was
utilized in order to stress the devices beyond what
they might encounter from any accompanying magnetic
media as an excitation field. In this manner, the
devices will more 'readily exhibit the inherent

25 ‘differences in stability between the conventional MR
device 20 and the MR device 60 of the present
invention, even though a field of only

approximately 50 to 60 Oe is required to simulate the
amplitude generated by a medla field.

30 As can be seen, the 1mproved transfer curve 102
of the MR device 60 exhibits much less Barkhausen
noise and generally exhibits a much more stable
performancé than the conventional transfer curve 100
of the conventional MR device 20. Significantly, the

35 improved transfer curve 102 exhibits no Barkhausen
noise even in the presence of a 15 Oe stray magnetic
field applied opposing the direction of the
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away, top plan view

of a disk drive 10 is shown for possi bl e use in conjunction with the
MR sensor of. the present invention. The disk drive 10 conprises, in
pertinent part, a nunber of disks 12 which are rotated about a

central axis. Aread/wite head 14, which may 20
I n accordance with the present i nvent4on as a

i ncl ude an MR sensor

"read" elenent, is
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adversely ~ affect the seryo positioning feedback system of the
posi tioner 16 and ¥RRECEHEus| yNt hdhifat aC¥PFBLLr atM@gnetic gtahblityg

channel of the di dhalfdcterli®tidsn 6fhethe MR dewicls.60) %TBei Oumpyowéd ects

the disk drive's ag):'llit r.ect |

eadlwlite head 14

over the rec &%e%'ergg:tug v(?% Q%Ce) rasflgf &%’gg‘%sflg’te%? %Ptﬁgeﬁf‘%ﬁsdi%l%ﬂdls :

quite insensitive to easy axis stray fields as high as

10 15 Oe, thus implying better cross-track performance.

The HAMPster (a data analysis

sof twafe for the

15

20

25

transfer curves 100, 102 of F'iqs. 4A-4B) data
corresponding to the transfer curves 100, 102 is shown
in the following Table 1. Table 1 compares the
hysteresis percentage and derivative range percentage
for the MR device 60 (Figs. 3A-3B) as well as the
conventional device 20 (Figs. 2A-2C) " and shows the
significant performance enhancements in the presence
of both a zero stray field as well as a 15 Oe stray
field. The hysteresis percentage may be given as:
[ (area enclosed by the transfer curve)/(applied field
range * total amplitude)] x 100%. The derivative
range may be given as: ([(slope).. =-(slope),.]/total
amplitude) x 100% where (slope) is the derivative of
the transfer curve with respect to the applied field.
The derivative range is indicative of sudden jumps in
the transfer curve and, hence, 1is a measure of
Barkhausen noise. -



7 - reliably read the recorded data. Hence, it can |ead to a

total failure of the disk drive 10 operation. Wth reference now
to Fig. 2A, a conventional conductor geonetry for utilization with an
exenplary 5 MR device is shown. The conventional MR device 20, as
shown, conprises an MR sensor 22 which may be utilized, for exanple,
as a "read" head in a magnetic di sk dr3d ve. The MR sensor
22 of the conventional MR device 20 10 i ncludes an MR | ayer active
region 24 as shown as well Tableds in this exenplary enbodinent, a
pair of | oger ; j , ' Fen '
opposi ng ends of fhe MR | ayer acti veHystgesn%24. Th Derivhtya Banged® nal 1f}i as
el ements 26, 28 565 ; ts
as disclosed in the No stray field 15 Oe stray field | No stray field 15 Oe stray field
MR device 60 Avg 1.74 1.6 1.025 RA
5 Std Dev  0.40 0375 | 0.1 0.i26

| Conventional Avg 286 368 123 164

| MR device 20 Std Dev  0.80 153 0.421 0.71

L

It should also be noted that, experimentally} the
10 resistance of the MR device 60 did not rise
significantly due to the change in the shape of the
improved geometry conductors 74, 76. This is due to-
the fact that, in the use of gold ("“Au") for the
improved geometry conductofs_74, 76, such electrical
15 conductors form a fairly small portion of the entire
MR resistance of the MR device 60 and the
reconfiguration of the conductors has a negligible
effect on the overall MR resistance. Moreover, the MR
device 60 incorporation of the improved geometry
20 conductors 74, 76 also had no. significant impact on
the overwrite capability of the MR device 60 during a
read back process. From experimental data, the
overwrite appears to be independent of the design and
on average was approximately 38 dB which is well
25 within design tolerance. _

While there have been described above the
principles of the present invention in conjunction
with a specific embodiment of a PM longitudinally
biased magnetoresistive device, it should be clearly

30 understood that the foregoing description is made only
by way of example and not as a limitation to the scope
of the invention. Particularly, the conductor
geometry herein disclosed may be utilized 1in
conjunction with GMR and SV devices as well as MR

35 devices having longitudinal bias supplied by means of



f or egoi ng United St at es Pat ent and Patent Appl i cati ons.

As al so disclosed in the foregoing Patent and Pat ent Applicati ons,
separation |layers 30, 32 nay be 20 i nterposed between the | ongitudinal
bi as el enments 26, 28 respectively and the MR | ayer active region 24.
Also illustrated are conventional conductorf 36 which partially
overlie and contact the MR | ayer act %e region 24. In this regard, '
it can be seen th v S cIude
2 Tont anarsaesFsERoaRe il Mise SAEHEL PG SfansiBraboRines

the MR | ayer acti \t@qh@glq@nsznther than SALA@bﬁQf oTaie ?resief‘t é&H’e“tBQ“
seen that  the fofxﬂﬁﬁﬁﬁﬂénnﬁeCEHWEH%ééﬁoﬁgly3@t1D§kédelﬁtH&bﬂht

medi al 30 edgeségg extendi ng. from cOr ners 8
respectively and g’éﬁé’reahle?dﬁarﬁ??%ld’éh\ﬂedb%%?nd‘e ical scan. Fape figads e,
48 respectively. (such as tnd¥de vkl tiwmatrs pf anénothapwebaphtgr 2Bssan
enl arged top plan view of that, rtlon of o] opal devi ce
20 shown in Figs. SIRTAGS idat lonﬁ(quw%éEwé ??%gt$¥f§£% BR hedldsC
substantial |y ri ghthiaigl échclude & urmaghetevesistive| i félwd F@ t senmR

sensor 22 by magnetic field.



8- ____ﬁ_ﬁ§5ﬁ§“bf—fhe—convent|onal conduct or s 34 36 nust o traVéfse by

Vi rf—;ﬂ,ﬂ"gﬂ, t nmedial edges 42, 44 and resultant right angled
cor HWHW rtue of the substantially 90 degree turn the

current Sust each of the nedial edges 42, 44 of the

conventi onal conductors 34, 36 respectivelg, a greater | i kel i hood of
domain wall formation is encountered due to this non-uniformcurrent
fl ow. Wth additional reference nowto Fig. 2C, an 10

i sometric view of the conventional MR device 20 illustrated in
the preceding Fi gsLAXMS 2B is shown. In this view, it can be seen that
the MR | ayer actiyve I on 24 .qverljes a nmagnet. ¢ _spacing | ayer
("MBL") 50 bs weﬁlmaa?é‘ TSsdERY e §e0Ge & d’q"fé'éﬁ”\‘g'yer ("SAL") 15

52 for providing transyveagndtioresistive VRyeaypresentingcianyeasggiasis24.
As illustrajed, the GashPNchdiitudinal1yN8eVBnSaRtIve?2elyd onTheko? ;PY

l'ine 54 extendlng )
_ a soft adjacent layer underlying = said

magnetoresistive layer for providing a transverse bias
thereto; '

a magnetic spacing layer interposed between said

10 magnetoresistive and said soft adjacent layer; and

first and secohd current conductors in electrical

- contact with said magnetoresistive device, said first

and second current conductors being configured to

provide current to said magnetoresistive device at an

15 angle of less than 90° to said easy axis.
- 2. The magnetoresistive device of claim 1 further
comprising:

first and second longitudinal biasing elements
disposed laterally of said magnetoresistive layer for
5 providing a longitudinal bias thereto.
3. The magnetoresistive device of claim 2 further
comprising:
first and second separation layers interposed
between said first and second longitudinal biasing
5 elements and opposing end portions of said
magnetore51st1ve layer.
4, The magnetoresistive device of clalm 3 wherein
said first and second separation layers comprise a
dielectric material
5. The magnetoresistive device of claim 4 wherein
said dielectric material comprises aluminum oxide.
6. The magnétoresistive'device of claim 3 wherein
said first and second separation layers comprise a
non-magnetic metal. '
7. The magnetoresistive device of claim 6 wherein
said non-magnetic metal comprises Cr.
' \
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subst ongltudlnally of the conventlonal MR device 20. A

. track m“ “ummmm mhe sensor 22 20 Is set by the distance
betmeeqw H conventional conductors 34, 36 as well as
the length ¢ L Mof*thée MR |ayer active region 24. Wth
reference additionally nowto Fig. 3A an MR device 60 in accordance
with the present invention is 25 shownlé MR device 60 conprises an MR
sensor 62 havi ng an MR | ayer active region 64. I n the enbodi nent

illustrated, the8 MR I'ByasrmagneVQreegsan€4d|¢é{y-ce of ctaiPr ils&haxiaiden
substantial | y 209a§<9q1:£e;r94t$\!§ Lot 1ve 1a¥1e1°t&§‘x£ peikdahieré erromagneti c

material. 30 accor teachin of .the
af orenenti oned Uhi t edTiee a!‘égnP'é?éﬁ§1§ﬁH"Paf3@|Ytlce of A%b’l“. dat{FRELY pair

of longitudinal bias £beFEsdFadént layer SSmpeysde NiBgmsed adjacent t he

end portions of | tive lon 6 o]

| ongi t udi nal b|a%OSSAF%etﬂ%?@?g°¥3515£ﬁve ﬁ%ggéﬁbodén%% Ph % Iugﬁigt

t he | ongi $aild nedgihetabc et paeing BfyeBscomyr toeprTae X pernanent
magnet |ayers copprisyyng ﬁQEBetSPEE?Et?be device of claim 2 wherein

said first and second longitudinal biasing elements

comprise CoPt, CoPtCr or CoPtTa.

12. The magnetoresistive device of claim 1 wherein

said first and second conductors comprise respective

first medial edge portions thereof overlapping said

magnetoresistive layer and second medial edge portions
5 displaced laterally of said first medial edge

portions.

13. The magnetoresistive device of claim 12 wherein

said first and second medial edge portions of said

first and second conductors are non-colinear.

14. The magnetoresistive device of claim 12 wherein

said first medial edge portions are substantially

equal in length to a stripe height of said

magnetoresistive device.

15. The magnetoresistive device of claim 12 wherein

said first medial edge portions are substantially Sg

in length.

16. The magnetoresistive device of claim 12 wherein

said second medial edge portions are displaced

laterally of said first medial edge portions at a

distance substantially greater than said stripe
5 height.

17. The magnetoresistive device of claim 16 wherein

said distance is substantially between 10-20u.

18. The magnetoresistive device of claim 11 further

comprising:

a head disk assembly;
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CoPt Ta: uld be noted that although'.fﬁe.

Iongl tuH,m ’m ts 66, 68 are illustrated as per manent
magnet L" conventi onal | ongi tudi nal bias techni ques

“may be util9zéd nn conjunctlon with the present invention including

. the use of antlferronagnets Also in accordance with the
teachi ng of the aforenentioned United7 States Patent and Patent
Applications, a pair of separatlon | ayers 70, 72 may 10 i nt er posed

between the |ongitu@tnaleast agne magQﬁ%H%nFE°BB$e6@%@&&%&9#4&9 LY and
the end portions of:ontameaheuﬂmn |s’a'iQT hedd | ¥isk I &b B -havilf data

separati on er rj se a non-nagnetic metal such

as O or, alternatﬁégP azged%§F§€% iic 3t erial such as 15 al um num

- oxi de. Al so ialtl usteadted ane t positpomesrd gesrtetrrism movably
conductors 74, 76 EBnEQ‘?.nIXB deyq g1 £0- s-gliﬁl\/R'WéaFH’Eddlsk SEUBhY  for

conductors 74, 76 overlie and contact th
positioning said magnetoresistive device with respect

to said storage media to enable reading of selected
portions of said data.
19. A magnetoresistive device comprising:
a magnetoresistive structure having an active
region thereof forming at 1least a portion of a
magnetoresistive layer; and
5 . at least one conductor in ele;tricai contact with
said magnetoresistive structure, said conductor
presenting opposing medial and lateral edges thereof
wherein at least a portion of said medial edge is
displaced laterally of said active region.
20. The magnetofésistive device of claim 19 further
comprising: -
first and second longitudinal biasing elements
disposed laterally of said magnetoresistive layer for
S providing a longitudinal bias thereto.
21. The magnetoresistive device of claim 20 further
comprising:
first and second separation layers interposed
between said first and second longitudinal biasing
5 elements and opposing end portions of said
magnetoresistive layer.
22. The magnetoresistive device of claim 21 wherein
said first and second separation layers comprise a
dielectric material
23. The magnetoresistive device of claim 22 wherein
said dielectric material comprises aluminum oxide.
24. The magnetoresistive device of claim 21 wherein
said first and second separation layers comprise a
non-magnetic metal.
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Iayer actlve reglon 64 although {f”éhau|a”6é”ﬁafed 20 that in other
applications, eonetry conductors 74, 76 may provide

electrlcavamw the MR device 60 by neans of direct contact to
t he ”Im ”’ﬁl’,mﬂt el enents 66, 68 when such are provi ded as
PM el ement s. | nproved geonetry conductors 74, 76 include

a corner 78, 80 adjacent one edge of the MRUgayer active region 64
and present first medial edges 82, 84 havi ng, as indicated, a height

("h"). The hei ght28h" The maghethzesistdveedievicedgfs F2im2dowharein

i mproved 30 QGOEEiaYnoﬁDﬁQ§EEEEé ﬁéta17§omP§§ESQtt¥e|y, nmay be
exactly equal to the stripe h ht of ayer active regi,on 64

(the width of the #R|afRe Héﬁf‘?&oreSlStlF’@gld@t’l’LE@r Rfnledmarl % ¥hate idasy
axis) or slightly said magféforedistlivdstagbedcomppigepanireynl ar
?ggfgbggn;éoﬁgtry %2hdH§¥8P§agﬁg%$ge§ﬁ§§lxﬁc%@agce ééléif%%gﬁécq%ﬁfin
di spl aced edge 86,s88dcompygnatorpeistive structure comprises' a soft
adjacent layer :
28. The magnetoresistive device of claim 27 wherein
said soft adjacent layer comprises NiFeMo.
29. The magnetoresistive device of claim 27 wherein
said magnetoresistive structure further comprises a
magnetic spacing layer. |
30. The magnetoresistive device of claim 29 wherein
said magnetic spacing layer comprises Ta.
31. The magnetoresistive device of claim 20 wherein
said first and second longitudinal biasing elements
comprise CoPt, CoPtCr or CoPtTa.
32. The magnetoresistive device of claim 19 wherein
said at least one conductor comprises a first medial
edge portion thereof overlapping said magnetoresistive
layer and a second medial edge portion displaced
5 laterally of said first medial edge portion.
33. The nmagnetoresistive device of claim 32 wherein
said first and second medial edge portions of said at
least one conductor are non-colinear.
34. The magnetoresistive device of claim 32 wherein
said first medial edge portion is substantially equal
in length to a stripe height of said magnetoresistive
device.
35. The magnetoresistive device of claim 32 wherein
said first medial edge portion is substantially 5x in
length.
36. The magnetoresistive device of claim 32 wherein
said second medial edge portion is displaced laterally
of said first medial edge portion at a distance
. substantially greater than said stripe height.
\
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medi al edges 82, 84 to respecti ve second medial edgeé
mnmuu al though illustrated as substantially strai
: d edges 86, 88 may curve fromthe first nedi

edges 82,"84' t 6 ;he S respective second nedial edges 90, 92 a
provi de the benefits hereinafter described. The
al edges 90, 92 are displaced fromtheaso first nedial edges 8

stil
medi

respectively,

d may be 10
Wth reference a lltsd ﬁ%@fgﬁég\g&t %u@sg:a.lnﬁ%altl@e between’ve_od-@bip@e 60 of

preceding Fig. 3A"

by a di stance ("d") . In the enmbodinent illustr

Sa¥st armhealnagriettoreeyistivendiedtideeref ¢haimngéhwherein

ght

al

nd ,
second
2, 84

at ed,

t he

an rsonetric_view thereof to

better illustrat&8&he The magnetpnegistdve ewcaPGoflatm 19 ALHEGREEI ¢
spaci ng 15
underlie the MR | ayer active reqion 64. Moreover, a sof t adj acent

conpri si nd heaght assemblyi,. oy mately 200-500 A of Ni FelMb

| ayer
may be utilized to

—_—

I

96

5

10

| asprs Gfg :bet ween approxi mately 100-250 A of Ta may

contained within said head disk assembly having data
encodable thereon; and

at least one positioner mechanism movably
contained within said head disk assembly for
positioning said magnetoresistive device with respect
to said storage media to enable reading of selected
portions of said data.
39. A magnetic sensor comprising:

a magnetoresistive layer having an active region
thereof; and

at least one conductor having a proximal end
thereof eiéétrically coupled to said active region of
said magnetoresistive layer and a distal end thereof
extending primarily longitudinally from said active
region.
40. The magnetic sensor of claim 39 wherein said
conductor width is lesser at said proximal end than at
said distal end.
41. The magnetic sensor of <claim 39 further
comprising:

first and second longitudinal biasing elements
disposed laterally of said magnetoresistive layer for
providing a longitudinal bias thereto.
42. The magnetic sensor of «claim 41 further
comprising:

first and second separation layers interposed
between said first and second longitudinal biasing
elements and opposing end portions of said
"magnetoresistive layer.

.-\‘\\\\;\\‘\§5\\~
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20 reg| W , the easy axis 98 of the MR sensor

62 |ies substantiall I on ud| nally of the MR devi ce 60.
As can be s “ﬁ o Figs. 3A-3B, the - current flow through
the MR deVI u t he 25 | nproved geonetry conductors 74,
76 is substariti 4l I y I I near and uni formthrough the MR | ayer active

. region 64. In this manner, a nore uniform @@rrent flow pattern is

. created thereby greatly mnimzing the | i kel i hood of domain wall

formation within tHAd-VMRTBE magnefice senspl Ofe €LAEBni4ZanWhErEdfct$3HA of

~ Barkhausen Ferse. Bndal tRiddid t heepdivdEion t heyéepsdudionpy ilse t he

~ MR device 60 as shg Qe currgnt.f ow pattern in the MR | ayer

" active region 64 b8SAES ArFEAEM i ned and, hence, results in

nore stabl e devi ce4perf Theanegrizhic bgnsopr @fi nglaim ar ahkeredgnesaid

Stability. Thi's haSeroctricbEeRepEER BbhaDEdLYa I At | BesBLIST rodial

. edges 82, not colinear W ePsecond. ges 90, 92
: 45. The magnetic sensor of claim 42 whereln said

first and second separation layers comprise & non-
magnetic metal.

46. The magnetic sensor of claim 45 wherein said non-
magnetic metal comprises Cr.

47. The magnetic sensor of claim 39 wherein said
magnetoresistive layer comprises NiFe. .
48. The magnetic sensor of claim 39 wherein said
magnetoresistive layer forms a portion of a
magnetoresistive structure comprising a soft adjacent
layer

49. The magnetic sensor of claim 48 wherein said soft
adjacent layer comprises NiFeMo.
© 50. The magnetic sensor of claim 48 wherein said
magnetoresistive structure further comprises a
magnetic spacing layer.

$S1. The magnetic sensor of claim 50 wherein said
magnetic spacing layer comprises Ta.

52. The magnetic sensor of claim 41 wherein said
first and second 1longitudinal biasing elements
comprise CoPt, CoPtCr or CoPtTa.

53. The magnetic sensor of claim 39 wherein said at
least one conductor comprises a first medial edge
portion at said proximal end thereof and a second
medial edge portion displaced laterally of said first

S medial edge portion towards said proximal end thereof.

54. The magnetic sensor of claim 53 wherein said
first and second medial edge portions of said at least
one conductor are non-colinear.

55. The magnetic sensor of claim 53 wherein said
first medial edge portion is substantially equal in
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and tter at a distance fromthe MR layer active =~
‘reg im(!mll nner, current flow may be directed to the MR
Iay 4 at an angl e of less than 90 degrees thus

dlstanU|sh|ng it fromthe conventional MR device 20 (Figs. 2A-20).
By . nmovi ng the current turning corner away fromthe MR | ayer
active region 64, the nmaxi mum current den5|4§/ near the active area is

duced signifi Thy d th babi | jty_of
Gommi n vl |10 YBEFR 1 Wh o SRR CTIOLONT oge said magnS{OPEAlativen.,”

additionally now ﬁ@“&ogs 4A and 4B, a conventional transfer

curve 100 for ' ony I Vi
an |nproved tranggér £€ﬁ$€§§15¥ﬁ g@- 8€héﬁﬁ& deV|céﬁ€% Sx@%Flgs.
3A-3B) is shown. fixstcomedhaloredge r pestdon is %Lh&ﬁ‘earmlalsy\/\ﬁul 38 the

i nproved transfer 1@Hge® 102 are plotted with respect to a field of
between -150 to %Fb Cersteds ("Ce") and |nd|cates their response
from bet weer?7+608 1€ BIPRETICr SeFSEE. 9 claim Sk, whergdd oF2§d a

field of up to l@Eecondvaedial eddjd Ipcarfid ¥ dbisplacdd eEstéF€l Dpvbees
beyond what said first medial edge portion at a distance
substantially greater than said stripe height.
58. The magnetic sensor of claim 57 wherein said
distance is substantiaily between 10-20u.
59. The magnetic sensor of claim 39 further
comprising:
a head disk assembly; _
at least one magnetic storage media rotatably
5 contained within said head disk assembly having data
encodable thereon; and
at least one positioner mechanism movably
contained within said head disk assembly for
positioning said magnetic sensor with respect to said
10 storage media to enable reading of selected portions
of said data.

\
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théy m ght encounter from any acconpanyi ng magnetic medi a as an

excitation field. In this manner, the devices will nore readily
exhi bit the inherent 25 differences in stability between the
conventional MR device 20 and the MR device 60 of the present

I nventi on, even t hough a field -of22 only approxi mately 50

to 60 Oe is reMAGNEIDORES BSTANRIDBEVIGE INCORPORAT INGI € ONDHY T Re (G HOMET Riedi a
field. 30 PROY IBI NGarS Altlhe 0RMe (C URRENET drl. @WUrRGR 102 of
t he MR device w@é‘%ﬁ# %&%Men . noi se and generally
exhi bits a nuch apl e pertormance than the conventi onal
transfer curve 100 A mggneteresassiveohAMRIR device nForgayatingan v,
the 35 i nprovedidgredE! Sohtctdy? exdbhetsynotbar Fbausae enhan@@dse

g\[;[e)gs: Rgt htehgr ezie%(écegqo%%% é?ta%{.i%{?ybga%nregs}fding essclerenlzgalfgplulr& orm
' current flow through the device active region in order

5 to effectively obviate the formation of undésired

domain walls, .particularly during read |Dback

operations. A pair of current conductors are provided

in electrical contact with the magnetoresistive device

and configured to provide current to the

10 -magnetoresistive device at an angle of less than 90°

to the easy axis.

FIGURE 3B



12 | ongi tudi nal bias elenents 66, 68 (Figs. 3A-3B).
. Under simlar conditions, the conventional MR . device 20 showed
consi derabl e hysteresis in the conventional transfer curve 100 which
is indicative of 5 magnetic instability. In addition to a significant
inprovenent in the overall nmagnetic stability _ characteristics
of the MR device 60, the inproved transfer curve 102 al so indicates
that this design is guite insensitive to easy axis stray fields as
hi gh as 10 15 Ce, thus inplying Wé ter cross-track perfornmance.
The HAMPster (a data anal ysis software fg{ t he. . transfer curves 100,
102 of Figs. 4A-4B) dat a ' corr é%onding to the transfer curves
100, 102 is shown in the followng Table 1. Tabl e 1 conpares
the 15 hysteresi s percentage and derifati ve range percentage for
the MR device 60 (Fid A- 3B) as well ag-the conventi onal device 20
(Figs. 2A-2C) and H&W t he C>rignivicanth~ f ormance enhancenents in
t he presence of both a zerol|gtray/field as Well as a 15i0Ce stray 20
field. The hyster@Sis per =

| L} bg given as:@] [ (area encl osed
by the transfer cufve)/ (3
100% The derivative

d I~ e range otal anplitude)] x._
[
-(slope)[err]/tota“

t
be given aslj ([(slope)[err]

©
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®

|

is

T St ey
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Vo

anplitude) x 100% where (slope) is the derivative of 25 the transfer

curve with respect to the applied field. _ The derivative range is
“indicative of sudden junps in the transfer curve and, hence, is a

neasur e of : Bar khausen noi se.

13 Table 1 Hysteresis %

Derivative Range % ' stray field 15 Ce stray field No

strayfieldwa—d\/j dgVice~80 Avg —H74—176\
1. 025 1.11 5 Std Devl 0. 40 0. 375 0.1 0. 126'
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Convehticnal Avg  2.86 3.68  1.23 1.64 MR device 20 Std

Dev 0.80-1.53 0.421 0.71 It should al so be noted that,
experinentally, the 10 resistance of the MR device 60 did not
rise significantly due to the change in the shape of the

i nproved geonetry conductors 74, 76. This is due to the fact that,
in the use of gold ("Au") for the i nproved geonetry conductors 74,
76, such electrical 15 conductors forn}?GfairIy smal | portion of the
entire VR res'§tance of the MR device 60 and the
reconfiguration g& the gonductors has a negligible effect on the
overall MR resistiange~ Moreover, the MR devi ce 60 incorporation of
t he i nproved geoﬁevr§ 20 conductors 74, 76 also had no significant

i npact on he overwite capability of the MR d /{ce 60 during a

read back procgss. From experi nental data, the overwite
appears to be \ndepeni-' of the design and- ~~x0n a age ‘yas

approxi mately 38 dB which\ ssugl |l 25 mﬁgbkh-de§Vgh Ql er afice.

VWil e there havﬁ:been des sQove the - i pringi pl' 6% of the present
i nvention in conj gl ~ga oggf?'ézenboo nerit of a PM
longitudinally &p

St
28
e
¢
\ \
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36
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biaged magnet or esi stive device, it should be clearly 30

the foregoing description is nade only by way of
alimtation to the scope of the invention.
conduct or geonetry herein disclosed may - be

conjunction wth GVR and SV devices as well as MR 35

under st ood t hat
exanpl e and not as
Particularly, the
utilized in
devi ces havi ng

| ongi t udi nal

bi as supplied by neans of

14

antiferromagnets and those utilizing transverse bias

t echni ques other than SAL bias. The 4ftesent invention

may, for

exanpl e, be advantageously utilized in disk drive heads, tape drive
heads, helical scan e heads 5 (such as those used in VCRs) @and ot her
conmput er mass stprage applications including dual stripe MR heads.
which include a [(nagnetoresistive film to sense e {
| 1y ' -
Lr-—'q ‘: I I
i !
Lo - 4 . N
i ’9(’ . ,8 //" R
T {\"‘ 8L o [ _f— T ¢// {
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magnetic field. 15 CLAI M5
1. A magnet oresi stive device, conprising: an el ongat ed
magnet or esi stive | ayer having a centrally | ocated active region;

said active region having first and second | ongitudinally spaced ends, -and
said active region providing an easy axis that extends | ongitudinally of

said active region between said first and second ends; an el ongat ed
soft adjacent |ayer underlying said nagmetoresistive |ayer for providing a

transverse bi as; an el ongat ed nmagneti c spacing | ayer underlying said
magnet or esi sti ve _ '
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| ayer and interposed between said magnetoresistive |ayer and said soft -

adj acent | ayer; and first and second current conductors respectively
physically overlying and in electrical contact with said first and second
ends of said active region; said first and second conductors each
having a first. nmedi al edge that overlies said first and second ends
respectively of said active region; said first and second conductors
each having a second nedi al edge that6i non-colinear with a correspondi ng
first nedial edge and is physically dléglaced fromsaid corresponding first
medi al -edge in a direction away froma corresponding end of said active
regi on; said first nedial edge of each of said first and second
conductors being substantially equal in hfqgth to a stripe height of said
active region, as said stripe height is ngasured in a direction;&ﬂgt IS
general ly perpendicular to said easy axis} and said seconqg\ di al

edge of each of said conductors being displaced froma corresponding first
nmedi al edge by a distance that is at least two tinmes greater than:said
stripe height. 16 _ :?
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2. . The nmagnetoresi-std

and second
magnet or esi

| ongi t udi ng

| ongi t udi ng
further corn
i nt er posed

c=rayct Jalil
' 3oegR e
priLsl.ng: ;

V7= N0 T
REPLACEMENS SHEES
|

r
(o]

ice.of claiml further conprising: Wory s
ng el enents di sposed coplanar with said
pspectively adjacent to said first and second
sai d nmagnetoresistive |layer for providing a
3. The magnetoresistive device of claim?2

iffst andgépﬁond separation | ayers respectively
o]

d | ongitudinal biasing elenments and

bet ween sai d firsa and s
sai d nmagnet oresi stive | ayer. 4. The

said first Lo

magnet or esi stive device of claim3 wherein said first and second separation .
| ayers conprise a dielectric material. 5. The magnet oresistive device

of claim4 wherein said dielectric material conprises alum num oxi de. 6.

. The magnetoresi stive device of claim3 wherein said first and second

10




separation

a.non-magnetic netal . 7. The

magnet or esi:

T
fu

RUHAGRNENY SiERT

ai m 6 wherein said non-magnetic netal

conprises .
magnet or esi st
conprises N H

LR A~

A

wherei n saiid |
fromthe grjou
17 9.
edges are substantially 5 [
edges are each

fr.st-.and._secd
p CoPt, CoPtCr

ottt e o S e e e e e e e e

grjet or esi stive device of claim2 wherein said

rigses Ni Fe, wherein said soft adjacent |ayer

aijd magneti c spacing | ayer conprises Ta, and
| ongi tz_?sal bi asi ng el enents are sel ected

nd CoPt44a. :

¥ve device of claiml wherein said first nedia

err] in length, and wherein said second nedial -
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di spl aced f akarrespondi:ng first nmedial edge by a distance that is
subst anti al WA Qs err] in | ength. 10. The magnetoresistive
device of clajm8 further”C ri sing: a head di sk assenbly; at
| east one netd ¢ JANT97E di a rotatably contained within said head disk
assenbly h ng data encodgblje thereon; and at | east one positioner
mechani sm et ithin Zskgéhead di sk assenbly for positioning
sai d magnetjgresi stive devicewith r t to said storage nedia to enable
readi ng of sel ected portromns—of said data. 11. A magnetoresistive

devi ce, conpri sing: . a magnetoresistive structure having a generally
el ongated active region that forns a generally centrally | ocated portion of
an el ongat ed magnetoresi stive | ayer; - said magnetoresistive |ayer
havi ng | ongi tudi nally spaced first and second ends; said active
region having longitudinally spaced first and second ends that correspond
respectively to said first and second ends of said nagnetoresistive |ayer;
sai d active region having an el ongated easy axis that extends between said

< —'Q

first and second lpds of said magnetoresistive |ayer; a conductor in
electrical450ntac)rpLLQ one of said ends of said active
. ' - \\ .
/' ~

1




] P oy _
regi on; REfLAQEN%ﬁngHEE?)r having a first nmedi al edge that extends
gener al | ormally to safdjeasy axis and physically overlaps a

cor r espoidij ng§ ryAN NI .
18 sal d conduct pr{having a second medi al edge that is non-colinear
W th sai T ' ge and is physically displaced fromsaid first
nmedi al edge in a direction parallel49b§said easy axis and away from said
one end of sald actlve region; said first medial edge being :
substantially egué] in length to a stripe height of said actife_region as
said stripe heightjis nmeasured generally normal to said easy akhs; and
sai d second medi al edge being physically displaced fromsaid firkt nedial
edge by a distdncelthat is in the range of fromtwo to f&gL_%inE$ greater

ragnet oresi stive | ayer;

than said stripe hkipH \
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12.. The magnetoresistive device of claim 11l wherein said first and second

ends of sai
sur f aces,

bi asi ng e|eR§RL§CE&§QQESHEE

d magnet oresi stive layer include respective first and second end
' i ng: first and second | ongitudi nal
di sposed adjacent to said first and second

end surfacds jof said magnetofesistive, layer for providing a |ongitudinal

bi as t her etjo.

conpri si ng:
i nt er posed
said first

The magnetoresistive device of claim

separation
magnet or esi

conprises al um num oxi de. 16. The nagnetor

wher ei n sai

- MR RESPONSE
(Oe)

1JAN g etoresf'ngf)ve device of claim 12 further
econd séparation | ayers respectively
st and second | ongi tudi nal biasing el enents and
end suilfaces o% §aid magnet or esi stive | ayer. 14.
P wherein said . first and second
| ayers conprise a dielectric|material. "~ The
stive device of claim14 ypgfein saiddé ectric materi al
syl ve device of claim13
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Bhgae-s HEs
sepgration |ayers conprise a non-magnetic netal. _
19 17. The magnet ggl A" ﬂ%f of claim 16 wherein said
non-:nagneti c netal c§ ' 81§ The magnet ore5| st [ ve devi ce of
claim 11 wherein sai§ netoresistijel | gr conprises Ni-Ee,. ... 719." wThe~.
magnet or esi stive dev|cp &9 AUG 20001 hherein sai d nag esi.stive strug;p}’e
I ncl udes an el ongat efl poft adj acent er under| yl,pg ‘sai;d” magnet orses_r S \f‘e_
| ayer and said first§an I tjudi nal b| asing: eI emants

CLAIMS

1. A magnetoresistive device, comprising:

an elongated magnetoresistive layer having a centrally located active
region;

said active region having first and second longitudinally spaced ends,
and said active region providing an easy axis that extends longitudinally of said
active region between said first and second ends;

an elongated soft adjacent layer underlying said magnetoresistive layer
for providing a fransverse bias;

an elongated magnetic spacing layer underlying said magnetoresistive
layer and interposed between said magnetore5|st|ve Iayer and said soft
adjacent layer; and

first and second current conductors respectively physically overlying and
in electrical contact with said first and second ends of said active region;

said first and second conductors each having a first medial edge that
overlies said first and second ends fespectively of said active region;

said first and second conductors each having a second medial edge that
is non-colinear with a corresponding first medial edge and is physically
displaced from said corresponding first medial edge in a direction away from a
corresponding end of said active region;

said first medial edge of each of said first and second conductors being
substantially equal in length to a stripe height of said active region, as said
stripe height is measured in a direction that is generally perpendicular to sald
easy axis; and

said second medial edge of each of said conductors being displaced
from a corresponding first medial edge by a distance that is at least two times
greater than said stripe height.
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20. The magnet or sl%t [ vewdewd
| ayer conprises FEMD. o e &
wherein said magrfetfor o st rfu
spacing |ayer ovgrljyi n(? égﬁé QQ)ft

nmagnet or esi sti vejd

claim 19 wherein said soft adjacent
magnet or esi stive devi-ce of claim19

ture includes an el ongated magnetic

dj acenygl ayer. 22. The

wherein said nmagnetic spacing | ayer
conpri ses Ta. 3. I stive device of claim12 wherein said
first and second ng el ements conprise CoPt, CoPtCr or

CoPt Ta. 24. The nmagnetoresistive device of claim 1l wherein said first
medi al edge i% subiemagnblaresisiivg bvica of erah furthidh comphisingagnet or esi sti ve

device of claim 24 whéerein said displaced distance is substantially
bet ween 10-20 [ er ffirst and second Iongltudmal biasing elements disposed coplanar with

The magnet ore

said magnetoresistive layer and respectively adjacent to said first and second
longitudinally spaced ends of said magnetoresistive layer for providing a
longitudinal bias thereto.

3. The magnetoresistive device of claim 2 further comprising:

first and second separation layers respectively interposed between said
first and second longitudinal biasing elements and said first and second ends of
said magnetoresistive layer. |

4, The magnetoresistive device of claim 3 wherein said first and second
separation layers comprise a dielectric material.

5. The magnetoresistive device of claim 4 wherein said dielectric material
comprises aluminum oxide.

6. The magnetoresistive device of claim 3 wherein éaid first and second
separation layers comprise a non-magnetic metal.

7. The magnetoresistive device of claim 6 wherein said non-magnetic
metal comprises Cr. '

8. The magnetoresistive device of claim 2 wherein said magnetoresistive

~ layer comprises NiFe, wherein said soft adjacent layer comprises NiFeMo,
wherein said magnetic spacing layer comprises Ta, and wherein said first and
second longitudinal biasing elements are selected from the group CoPt, CoPtCr
and CoPtTa.
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20 26. ﬂf@”ﬁé@i%} gi@ﬁli ve device of claim1l further conprising:

a head di sk iassenbl Y; at} | east one nmagnetic storage nedia rotatably
cont ai ned wi't Hi n292AUGI26801 di 9k assenbly havi ng data encodabl e thereon; and
at l'east one pgositioner nmechani sm novabl yyzcontai ned within said head disk

assenbly fori StrTrontng sar d jragnet oresi stive device with respect to said

storage nedija_to _enabl e readi g of selected portions of said data. 27. A
magneti c sensor conprising: a planar magnetoresistive |layer having a
centrally located active region with a height dinension; sai d

magnet or esi s@i ve Thgenadretoresistivesdevicsl of elalimd evhésein said first meelial tedyes

ol aneof ' col Ml Ui5 BARS A i sad Sboond scll edge ars sach °
displaced from a corresponding first medial edge by a distance that is
substantially between 10-20 u in length.

10. The magnetoresistive device of claim 8 further comprising:

a head disk assembly;

at least one magnetic storage media rotatably contained within said
head disk assembly having data encodable thereon; and

at least one positioner mechanism movably contained within said head
disk assembly for positioning said magnetoresistive device with respect to said
storage media to enable reading of selected portions of said data.

11. A magnetoresistive device, comprising:

a magnetoresistive structure having a generally elongated active region
that forms a generally centrally located portion of an elongated
magnetoresistive layer;

said magnetoresistive layer having longitudinally spaced first and
second ends;

said active region having longitudinally spaced first and second ends
that correspond respectively to said first and second ends of said
magnetoresistive layer; |

said active region having an elongated easy axis that extends between
said first and second ends of said magnetoresistive layer;

a conductor in electrical contact with one of said ends of said active
region; .

said conductor having a first medial edge that extends generally
normally to said easy axis and physically overlaps a corresponding end of said
magnetoresistive layer,;

I
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extends parallel to said height dinension,
and is elec r said one end of said active region;

ving a distg edge; said distal edge
bei ng dlsplaced fron1sa| prgxi mal edge in a direction away from said one
end of sai : said proxi mal and distal edges being
non- col i near; said proxi mal edge being equal in length to said

hei ght of said active region; and said distal edge being displaced

from said proxi ”abalﬁd%dﬂbtér Havihg & 8ebbnd médial etigéthat W ABnlidedeinitht of
said active region. The magnetic sensor of claim27 further

conpri si ng: said first medlal esige anstisrhysinajy dieplaced fj’pﬂbﬁﬂg fustmadial edge in

s Rl it e R T4 i 50 e

region;

said first medial edge being substantially equal in length to a stripe
height of said active region as said stripe height is measured generally normal
to said easy axis; and

said second medial edge being physically displaced from said first
medial edge by a distance that is in the range of from two to four times greater
than said stripe height.

12.  The magnetoresistive device of claim 11 wherein said first and second
ends of said magnetoresistive layer include respective first and second end
surfaces, and further comprising:

first and second longitudinal biasing elements respectively disposed
adjacent to said first and second end surfaces of said magnetoresistive layer
for providing a longitudinal bias thereto. -

13. The magnetoresistive device of claim 12 further comprising:

first and second separation layers. respectively interposed between said
first and second longitudinal biasing elements and said first and second end
surfaces of said magnetoresistive layer.

14. The magnetoresistive device of claim 13 wherein said first and second
separation layers comprise a dielectric material. '

15. The magnetoresistive device of claim 14 wherein said dielectric material
comprises aluminum oxide.

16. The magnétoresistive device of claim 13 wherein said first and second
separation layers comprise a non-magnetic metal.
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29. The ma REPLACEMM SHEET aim 28 further conprising: first and
second sepafafion Tayers Teppgectively interposed between said first and
second | ongjt dlmIAUang ejenents and said first and second ends of said
magnet oresi $tfve layer. 3D The magnetig sensor of claim 29 wherein said

first and sgc lpyers conprise a dielectric material. 31.
The magnetiE sensor of claimpBO wherein said dielectric material conprises
al um num oxi de. 32, The netic sensor of claim?29 wherein said first
and second separation |ayers conprise a non-nmagnetic netal . 33. The

magneti c sengpr offhel magheforabistivi eviied of @aifffdBeivherdint saidcoommagreticr .
metal comprises Cr. |

18. The magnetoresistive device of claim 11 wherein said magnetoresistive

layer comprises NiFe.

19. The magnetoresistive device of claim 11 wherein said magnetoresistive
structure includes an elongated soft adjacent layer underlying said
magnetoresistive layer and said first and second longitudinal biasing elements.

20. The magnetoresistive device of claim 19 wherein said soft adjacent layer

comprises NiFeMo.

21. The magnetoresistive device of claim 19 wherein said magnetoresistive
structure includes an elongated magnetic spacing layer overlying said soft

adjacent layer.

22. The magnetoresistive'device of claim 21 wherein said magnetic spacing
layer comprises Ta.

23. The magnetoresistive device of claim 12 wherein said first and second
longitudinal biasing elements comprise CoPt, CoPtCr or CoPtTa.

24. The magnetoresistive device of claim 11 wherein said first medial edge
is substantially 5 y in length.

25. The magnetoresistive device of claim 24 wherein said displaced
distance is substantially between 10-20 p.
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3 IT?Z? wherein said nmagnetoresistive | ayer

: fic sensor of claim27 including a soft

_ sai d{ npgnet oresi stive | ayer. 36. The magnetic
sensor of clai 5 0ai i poft adjg&pnt | ayer conprises N FeM. 37.
The magnetic sentor of claim3p | ncluding a magnetic spacing layer |ocated
i nternediate spid soft adjacen ayer and sai d magnetoresistive |ayer.

38. The magne ~sensar. 0f claijm 37 wherein said magnetic spacing | ayer
conprises Ta. '

26. The magnetoresistive device of claim 11 further comprising:

34. The magnet!R@
conpri ses N Fe. 4 CE

adj acent | ayer fumd 'yin

L

a head disk assembly;

at least one magnetic storage media rotatably contained within said
head disk assembly having data encodable thereon; and

at least one positioner mechanism movably contained within said head
disk assembly for positioning said magnetoresistive device with respect to said
storage media to enable reading of selected portions of said data.

27. A magnetic sensor comprising:

a planar magnetoresistive layer having a centrally located active region
with a height dimension;

said magnetoresistive layer having first and second ends;

at least one planar electrical conductor occupying a plane that directly
overlies said plane of said magnetoresistive layer,

said at least one conductor having a proximal edge that physically
overlies one end of said active region, extends parallel to said height
dimension, and is electrically coupled to said one end of said active region;

said at least one conductor having a distal edge;

said distal edge being displaced from said proximal edge in a direction
away from said one end of said active region;

said proximal and distal edges being non-colinear;

said proximal edge being equal in length to said height of said active
region; and .

said distal edge being displaced from said proximal edge by a distance
that is at least twice said height of said active region.

28. The magnetic sensor of claim 27 further comprising:

first and second longitudinal biasing elements respectively disposed
adjacent td said first and second ends of said magnetoresistive layer for
providing a longitudinal bias thereto.

-
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22 39.

ﬁ,“éu Grgebsor of claim 28 wherein said first and second
g Peﬁs@%

| ongi t udi ry _ s conprise CoPt, CoPtCr or CoPtTa. 40. The
magneti ¢ densor of claim 37 jwherein.said proxi mal edge is substantially 5
[err] in ljejgtB9 AUGZOUB The fmagnetic senggr of claim 40 wherein said

di spl aced jdijstance is subgtantially between 10-20 p.  42. The nagnetic
sensor of fclaimZ/ Turtne onpri si ng: a head di sk assenbly; at
| east one gonetic storage dia rotatably contained within said head disk
assenbly having data encodabl e t hereon; and at | east one positioner

mechani sm nmoygbl Wﬁ@ma_ig[n@ﬁé StinsBi B dlaind 2BdaheF eémpdsiagbl y for positioning

sai d magnetic sensor with respect to said storage nedia to epabl e readi,ng

of sel ected port ifnstand segppd Eeparation layers respectively interposed between said
first and second longitudinal biasing elements and said first and second ends of

said magnetoresistive layer.

30. The magnetic sensor of claim 29 wherein said first and second
separation layers comprise a dielectric material.

31. The magnetic sensor of claim 30 wherein said dielectric material

comprises aluminum oxide.

32. The magnetic sensor of claim 29 wherein said first and second
separation layers comprise a non-magnetic metal.

33. The magnetic sensor of claim 32 wherein said non-magnetic metal

comprises Cr.

34. The magnetic sensor of claim 27 wherein said magnetoresistive layer
comprises NiFe.

35. The magnetic sensor of claim 27 including a soft adjacent layer
underlying said magnetoresistive layer.

36. The magnetic sensor of claim 35 wherein said soft adjacent layer
comprises NiFeMo.

37. The magnetic sensor of claim 35 including a magnetic spacing layer
located intermediate said soft adjacent layer and said magnetoresistive layer.

38. The magnetic sensor of claim 37 wherein said magnetic spacing layer
comprises Ta.
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39. The magnetic sensor of claim 28 wherein said first and second
Jongitudinal biasing elements comprise CoPt, CoPtCr or CoPitTa.

40. The magnetic sensor of claim 27 wherein said proximal edge is
substantially 5 u in length.

41. The magnetic sensor of claim 40 wherein said displaced distance is
substantially between 10-20 .

42. The magnetic sensor of claim 27 further comprising:

a head disk assembly;

at least one magnetic storage media rotatably contained within said
head disk assembly having data encodable thereon; and

at least one positioner mechanism movably contained within said head
disk assembly for positioning said magnetic sensor with respect to séid storage
media to enable reading of selected portions of said data.
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