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SA3+91-009 MAGNETORESI STI VE SENSCR This invention relates in general to
fagnetic transducers for reading information signals froma magnetic
medium The prior art discloses a magnetic transducer -referred to as a
magnet or-esisitgi_gf_o%yl?) sensor or head which _has been shown to be capabl e of
readi ng data“froma nagnetic surface at eat linear densities. An MR.
sensor detects magnetic field signals through the resistance changes of a
read el ement nade froma magnetic material as a function of the amobunt and
direction of magnetic flux bei nIASUBEBESISTIVESENS@Rent. These prior art M
sensors operate on the basis of the anisotropic nagnetoresistive (AWR)
effect in which a conponent of the resistance 2 varies as the square of the
cosine [err] of the angle between the nagnetization and the direction of

current flow. ArHyRr envigitdbh ed15QECEA [Feh@fh10to dgnéiMR efdmehcz@nsdie found in

t he publicatign, "Thin ., . ) .
reading information signals from a2 magnetic medium.

The prior art discloses a magnetic transducer referred to as a
magnetoresistive (MR) sensor or head which has been shown to be capable
of reading data from a.magnetic surface at great linear densities. An
MR sensor detects. magnetic field signals through the resistance changes
of a reaﬁ éiement;made'from a magnetic material as a function of the
-a@ount and direction of magnetic flux being sensed by the element.
These prior art MR sensors operate on the basis of the anisotropic
magnetoresistive (AMR) effect in which a component of the resistance
varies as the square of the cosine (cpsz) of the angle between the
magnetization and the direction of current flow. A more detailed
description of the AMR effect can be found in the publication, "Thin
Film Magnetoresistors in Memory, Storage, and Related Applications',
D.A. Thompson et al;, IEEE Trans. Mag. MAG-11, p. 1039, (1975). These
MR sensors have operated on the basis of the AMR effect even though this

effect proddceé only a very small percentage change in the resistance.

German patent DE3820475 to Grunberg describes a layered magnetic
structure which yields enhanced MR effects caused by antiparallel
" alignment of the magnetization. As possible materials for use in the
layéred structure, Grunberg lists ferromagnetic transition metals and
alloys, but does not indicate which materials from the 1i§£ are

preferred because of superior MR amplitude.

Recently, another MR sensor has been identified in which the
resistance between two uncdupied ferromagnetic layers ié observed to
vary as the cosine of the angle between the magnetizations of the two
layers and is independent of the direction of current flow. This
mechanism produces a magnetoresistance that, for selected combinations
of materials, is greater in magnitude than the AMR, and is referred to

as the "spin valve" (SV) magnetoresistante. An SV magnetoresistive
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G unberg lists ferromagnetic transition netals and alloys, but does not
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Viewed from one aspect the pfesent invention provides
magnetoresistive sensing apparatus including, a magnetoresistive sensor
comprising: a substrate; a first thin film layer of ferromagnetic
material formed on the substrate; a thin film layer of non¥magneti€
metallic material formed on the first thin film layer of ferromagnetic
material; a second thin film layer of ferromagnetic materiai formed on
the thin film layer of non-magnetic metallic material; at least one of
the ferromagnetic layers being formed of cobalt or cobalt alloy and the
magnetization direction of one of the layers of ferfomagnetic material
being substantially perpendicular to the magnetization direction of the
other when no magnetic field is applied; means for producing a current
flow through the magnetoresistive sensor; and means for sensing
variations in the resistivity of the magnetic sensor caused by a

" difference in rotation of the magnetization directions in the layers of

ferromagnetic material as a function of the magnetic field being sensed.

In order that the invention may be fully understood pfeferred
embodiments thereof will now be described, by way of example only, with

reference to the accompanying drawings in which:

Fig. 1 is an exploded perspective view of a magnetoresistive sensor

in accordance with an embodiment of the present invention;

Fig. 2 is an exploded perspective view of an alternate embodiment

of the magnetoresistive sensor;

Fig. 3 shows two related graphs, of which (a) is a graph of the

room temperature hysteresis loop, and-(b)_is a graph of the room
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as the " spi n val've" (SV) nmagnet or esi stance. An SV magnetoresistive - 2-
fensor .i s being described in pending U.S. application serial no. 07/625,343
filed Decenber 11, 1990. The prior art does .not disclose an MR sensor which
has a | arge MR response at small applied magnetic fields. Accordingly to

. one aspectsx®-91+0®9 nvention there is disgl-osed a magnetoresi stive sensing
system conprising: a nmagnetoresistive sensor conprising a substrate and a

| ayered structure formed on said substrate, the |ayered structure
conprising a first and second thin filmlayer of ferromagnetic materi al

"~ separated by a thin filmlayer of non-magnetic netallic material, at |east
one of saiteripgystiwreofaghetemesigirace cofitbhe maghetyaralstiye ntadsof showmtiar i al

t aken frong-{cghezgroup con5| sting of cobalt and cobalt alloys, the

magneti zat| on :

Fig. 4 is a graph which shows the magnetoresistance response along

the easy axis of the magnetoresistive sensor of Fig. 3, but on a greatly -

reduced X-axis scale;

Fig. 5 is an end view of a further embodiment of the

magnetoresistive sensor in accordance with the present invention;.

Fig. 6 shows two related graphs, of which (a) is a graph which
shows the MR response for a magnetoresistive sensor in accordance with
the present invention, and (b) shows the MR response of an alternative

structure which includes an underlayer between the substrate and the

first ferromagnetic layer.

Fig. 7 is a graph which shows the magnetoresistive response of

another embodiment of the magnetoresistive sensor in accordance with the

present invention.

_ Prior art magnetoresistive (MR) sensors have been based on the
. anisotropic magnetoresistance (AMR) in which a component of the
resistance varies as cos2 of the angle between the magnetization and the

direction of current flow.

The MR sensor described in pending US appllcatlon Serial No
07/625,343 is one in which the resistance between two uncoupled
ferromagnetic layers is observed to vary as the cosine of the angle
between the magnetizations of the two layers and is independent of the
direction of current flow. This mechanism produces a magnetdreSistance
that for selected combinations of materials, is greater in maghitude

than the AMR, and is termed the "spin valve" (SV) magnetoresistance.

An MR 8V sensor, in accordance with the present invention, is shown

in Fig. 1. The MR sensof 10 comprises a suitable substrate 11 such as



direction of said first |ayer of ferromagnetic material being substantially
berpendi cul ar to the magnetization direction of said second | ayer of
ferromagnetic material at zero applied magnetic field; means tor producing
a current flow through said magnetoresistive sensor; and neans for sensing
t he vari atSA8n%1+408%t he resistivity of sai4d-magnetoresistive sensor due to
the difference in rotation of the magnetizations in said |ayers of
ferromagnetic materials as a function of the nmagnetic field being sensed.

- According to another aspect of the invention there is disclosed a

magnet oresi_ stive sensor system cqQnprising: a substrate; and a_layered
the 18 ofgRositedy a
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f ih_r-st f alnd affﬂﬁﬁjt?fﬂ Fillh | TaybayeE seftl F_@ffo&ﬁ%tfi&:n&tﬁﬁia?! 12) aSepar ?mﬂ 3y a
thin filmyl ayer .of nonmagnetic nmetallic rial, at |east, one qQf sai

| ayers of lia\g%/? Stad %@Pﬁg‘%&ﬂgr‘?eﬁnﬁﬁﬁ ﬁﬁtﬁrmé ’o?ﬁdaan%etcgﬁ 4ip fromthe
group condegér nd Hérroobaidtianthteohll 16 al Thy Twot tayeradilet 1&afi on direction
of said fi . O . nefd | i tially
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of about 90 degrees with respect to each other in the absence of an

applied magnetic field. In addition, the magnetization of the second
layer of ferromagnetic material 16 is fixed in position as shown by the
arrow 20.  The magnetization in the first layer of ferromagnetic
material 12, in the absence of an applied magnetic field, is shown’ by
the arrow 22. Changes in magnetization in layer 12 are by rotation, in
response to an applied magnetic field, (such as magnetic field h in Fig.

1) as shown by dotted lines on layer 12 in Fig. 1.

In the embodiment of the invention shown in Fig. 1 the second layer
of ferromagnetic material 16 is of a higher coercivity than that of the
first layer of ferromagnetic layer 12 so that the magnetization of the
layer 16 can be fixed in position. The embodiment shown in Fig. 2
provides two- alternate ways to fix the magnetization of the second layer

of ferromagnetic material 16 in position.

In the embodiment shown in Fig. 2, a thin film layer of an exchange
biasing material 18 of high resistance is deposited in direct contact
with the second thin film layer of ferromagnetic material 16 so that a
biasing field can be produced by exchange coupling as is known in the
art. Layer 18 can be an antiferromagnetic material or, alternatively
can be a ferromagnetic layer of sufficiently high squareness, high
coercivity and high resistance. The structure of Fig. 2 may be

inverted, so that layer 18 is deposited first, followed by layer 16, 14,
and 12.

According to the preferred embodiment of the present invention, one
or both of the ferromagnetic layers 12, 16 is/are either cobalt (Co) or
a cobalt alloy. The non-magnetic spacer layer 14 may be copper (Cu) or -

other noble metal such as silver (AG) and éold (Au). The fixed Cb_or Co
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terronagnetlc material at zero applied magnetic field. In order that the
i“nvention may be fully understood preferred enbodi ments thereof will now be
descri bed, by way of exanple only, with reference to the acconpanyi ng

dr awi ngs i n whi ch: Fig. 1 is an exploded perspective view of a
nagnetore§A§tév% gensor in accordance with an enbodi nent of the present

I nventi on; d‘ 5 i s an expl oded perspecti've view of an alternate

enbodi nent of the nagnetoresistive sensor; Fig. 3 shows two rel ated graphs,
of which (a) is a graph of the roon1tenperature hysteresis | oop, and (b) is
a graph of the room SA9- 91- 009 - 3 tenperature
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and the magnitude of the exchange bias can be controlled by the use of

an underlayer as will be discussed in detail below.

An embodiment of the MR SV sensor, in accordance with the present
invention, was built on a glass substrate comprising the following

structure: .
glass | 60ACo ! 324Cu ! 344Co | 100AFeMn ! 10ACu. The upper copper
layer (not shown in Fig. 2) is deposited in order to retard the
oxidation of the FeMn layer. A different, high resistivity passivation
layer, such as Ta, fof example, would be used in an actual device. The
moment vs magnetic field for this structure is shown in Fig. 3(a) which
shows the superposition of two loops corresponding to the two.Co layers,
one of which is exchange biased by the FeMn layer. Fig. 3(B) shows an
8.7% 1ncrease in re51st1v1ty for the field range from 2.0 x 10 /4w Am -1
to 1.2 x 10 /4w Am~ (20 to 120 Oersted (Oe)) corresponding to

antiparallel alignment of the Co magnetizations.

Fig. -4 shows the MR response for the same structure whose magnetic
characteristics were shown in Fig. 3. Note that, due to the |
orientation, by 180°, of the sample, the positive field in Fig. 4
corresponds to the negative field in Fig. 3. In addition, when the
field sweep amplitude is too small to reverse the exchange-biased layer
16 (Fig. 2), the antiparallel alignment occurs at fields between -4.0 x
10%/47 am™! ana 1.5 x 10%/4w An™t (- 40 and 15 Oe).

The choice of specific materials influences the MR response that

- can be obtained from the MR SV sensor. For the first ferromagnetic
layer 12, soft magnetic properties are required. In addition to pure
cobalt, the layer 12 may comprise NiFe, NiCo or a cobalt alloy such as
CoZr, CoMoNb, or NiFeCo, for example. fﬁe second ferromagnetic layer 16
preferably has hard magnetic properties in order to fix its
magnetization in position. In addition to pure cobalt, cobalt zlloys
such as Co can also be used. The second ferromagnetic layer 16

80 20
can also have its magnetization f1xed in position by etchange coupling
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Fg 4isa graph whi ch shows the magnet or esi st ance response al ong the easy
axis of the nagnetoresistive sensor of Fig. 3, but on a greatly reduced
X-axis scale; Fig. 5is an end view of a further enbodi nent of the
nagnetoresistive sensor in accordance with the present invention; Fig. 6

"shows t\/\osrA%IQ{%caggraphs of which (a) iars]_a graph which shows the MR
response fOr a magnetoresistive sensor in accordance with the present

i nvention, and (b) shows the MR response of an alternative structure which
i ncludes an under| ayer between the substrate and the first ferromagnetic
| ayer. Fig. 7 is a graph which shows the nmagnetoresistive response of

anot her  enhogLERRL Wiwnl hﬁﬁ@ﬁr@&er €3} Siobfes SRBA; aeﬂta%%%% Gt ihe

present invention., Prior art net oresi stive sehsors Have
on the ani®folf¥R¥ éGrﬁﬁgﬁt%Q§rb$|%¥FbﬁRﬂg QQHPW}HSr#°m#nhﬂshaFQﬁynptwhwnmatgk1alua 2

such as CoPt or CoPt(Cr.

The level of exchange bias obtainable in the above-described
embodiments may not be suitable for some applications. It has been
discovered that the level of exchange bias can be increased by the
specific embodiment of an MR SV sensor shown in Fig. 5. In this
embodiment the substrate 11, the layer of nonmagnetic material 14, the
two layers 12, 16 of ferromagnetiu material, and the layer of exchange
biasing material 18 correspond to the same structure as that described

 in- conjunction with Figs. 1 and 2. However, a thin underlayer 24 is
deposited upon substrate 11 prior to the dep051t10n of the other 1ayers.
The underlayer 24 is preferably zirconium (Zr) about 5.0 x 10~ m (SDA )
thick, and this underlayer serves to increase the c-~-axis texture of the
Co layers, resulting in better crystallographic matching between Co and
FeMn which in turn increases the exchange coupling. The MR response for
a specific example of an underlayer is shown in Fig. 6 in which Fig.
6(a) shows that MR response for a structure without an underlayer, -and
Fig. 6(b) shows MR response for the same structure, except that 5.0 x
10~9m (50A°) of Zr was first deposited on the substrate. The structure

of Fig. 6(b) comprises: _
glass | 50AZr.! 72ACo ! 30ACu ! 32ACo ! 100AFeMn ! 40AZr.

The capping iayer 26 (Fig. 5) of a high resistivity material such
as Ta or Zr, for example, is then deposited over the MR sensor, and
electrical leads 28 and 30 are provided to form a circuit path between

the MR sensor structure, current source 32 and sensing means 34.

The MR response of a specific embodiment of an MR SV sensor is
shown in Fig. 7, and this MR structure combines high MR amplitude (5.2%)
with very low saturation fields (150e). The data shown in Fig. 6 is for
an MR sensor whlch comprlses the follow1ng structure

Si| 80ANiFe - | 224Cu ! 35ACo ] 100AFeMn H T0ACu.
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resi stance variés as cos of the angle between the magnetization and the
direction of current flow. The MR sensor described in pendi ng US
application Serial No 07/625,343 is one in which the resistance between two
uncoupl ed ferromagnetic | ayers is observed to vary as the cosine of the

angl e bet waengilpggnagneti zations of the 4wo layers and is independent of
the direction of current flow This nmechani sm produces a magnet oresi stance
- that for selected conbinations of materials, is greater in magnitude than
the AVR, and is terned the "spin valve" (SV) magnetoresistance. An MR SV
i sensor, in accordance-with the present invention, is shown in Fig. 1. The

MR sensor The MR eEp&RR €ars bk ntidkceinbRigiRirebyl kheusde a8 an wiAF18der008
40185, Ger AT Go0T e ALSRLY, CONANG Oles eI RX AR, 119RD (MLED 5, dgp0ST ted
for example). These changes in structure would not produce any

‘deterioration in the soft magnetic properties of the sensor.

A magnetoresistive (MR) sensor which has a large MR response at
small applied magnetic fields has been described. The MR sensor
comprises a layered structure formed on a substrate including first and
second thin film layers of ferromagnetic ﬁatefial separated by a thin
film layer of non-magnetic metallic material, with at least one of the
layers of ferromagnetic material formed of a material taken from the
'group consisting of cobalt and cobalt alloys. The magnetization
direction of the first layer of ferromagnetic material is substantially
perpendicular to the magnetization direction of the second layer of
ferfomagnetic materiai at zero applied magnetic field. A current flow
is produced through the MR sensor, and the variations are sensed in the
resistivity of the MR sensor due to the difference in rotation of the
magnetizations in the layers of ferromagnetic material as a function of

the magnetic field being sensed.



a-flrst thin fil'mlayer of soft ferromagnetic material 12, ’ﬁgl Fm f
I"ayer of a nonmagnetic metallic material 14, and a second-{h f%ﬁiﬁ?@@%BEEN]
of ferromagneti.c material 16. The two layers 12, 16 of ferftanagn

material are oriented with their nagnetization at an angle of about 90
degrees wSA%-%1le€P®ct to each other in tBe-absence of an app#+ed—nagne;pe_____
field. In addition, the magnetization of the second |ayer o net|
material 16 is fixed in position as shown by the arrow 20. HasHeen Roplaced
magneti zation in the first layer of ferromagnetic material 1 Imulmlj"ﬂl”"
absence of an applied magnetic field, is shown by the arrow

magneti zation in layer 12 are by rotation, in response to an applied

- magnetic field, (such as magnetic fielglapMgn Fig. 1) as shown by dotted
lines on layer 12 in Fig. 1. In the enbodinent of the invention shown in

Fig. 1 the second |ayer of ferromagnetic material 16 is of a higher

coercivity than that of the first |ayer of ferromagnetic |ayer 12 so that

t ggmmlggeg; 22t 0, Gheldi2aL V%% 00s5A] BfeliehsthddhaBgR) ! on The embodi ment

a magnetoresistive sensor comprising:

a substrate;
a first thin film layer of ferromagnetic material formed on the

substrate;

a thin film layer of non-magnetic metallic material formed on the first

thin film layer of ferromagnetic materiai;

a second thin film layer of ferromagnetic material formed on the thin

film layer of non-magnetic metallic material;

at least one of the ferromagnetic layers being formed of cobalt or
cobalt alloy and the magnetization direction of one of the layers of
ferromagnetic material being substantially perpendicular to the

‘magnetization direction of the other when no magnetic field is applied;

means for producing a current flow thrdugh the magnetoresistive sensor;

and

means for sensing variations in the resistivity of the magnetic sensor
caused by a difference in rotation of the magnetization directions in
the layers of ferromagnetic material as a function of the magnetic field

being ‘sensed.

2. Magnetoresistive sensing apparatus as claimed in claim 1 wherein

the magnetoresistive sensor further comprises:

* c L M ] *
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prOV|des two alternate ways to fix the magnetization of ,
ferromagnetic material 16 in position. In the enbodi menf '§ﬁ§WWEETHA&ﬁEEN

thin filmlayer of an exchange biasing material 18 of h gh—f€%$%%%ﬁmc S

deposited in direct contact with-the second thin filmlayeq; fce Has Been Replaced
ferromagngkgga 1ghgrial 16 so that a biaging field can be pmms
exchange coupling as is known in the art. Layer 18 can be
antiferromagnetic material or, alternatively can be a ferr

of sufficiently high squareness, high coercivity and high reS|stance The

structure of Fig. 2 may be inverted, so that |layer 18 is deposited first,

fol | oved pyakf¥et fiking dhedihnblizAL60 ka6 JehendTRbesd adyarhedi ment of
the present invention, one or both of the ferronagnetic Iayers 12, 16

i s/are ei teeromaghetic peidrigl, ¥heraby thagepsyin 1esds b‘ﬁ‘%@‘f?ePF%d‘scﬁécﬁsr 3l ayer
14 may beresppesbf (Kathtdn of e Afdnceizmion d&bl@d’tlaﬁ i kHerfiedé)1a38¢ ol d

(Au). -Thefgégg%gggéklc mé%%rlal

3. Magnetoresistive sensing apparatus as claimed in claim 2 wherein
‘the means for fixing the magnetization direction of the second layer of
ferroﬁagnetic matefial comprises providing the second layer of
ferromagnetic material with a substantially higher coercivity than the

coercivity of the first layer of ferromagnetic material.

4. Magnetoresistive.sensing apparatus as claimed in claim 2 wherein
the means for.fixing the magnetization direction of the second layer of
ferromagnetic material comprises a thin film layer of an exchange
biasing material in direct contact with the second layer of

ferromagnetic material.

S. Magnetoresistive sensing apparatus as claimed in any of the
preceding claims wherein the layer of non-magnetic material is formed
from a material taken from the group consisting of copper, silver and

gold.

6. Magnetoresistive sensing apparatus as claimed in any of the
preceding claims further comprising an underlayer disposed between the

substrate and the first layer of ferromagnetic material.

7. Magnetoresistive sensing apparatus as claimed in claim 6 wherein

the underlayer is formed of a material taken from the group consisting

of tantalum and zirconium.

8. Magnetoresistive sensing apparatus as claimed in any of the
Preceding claims wherein the first ferromagnetic layer is NiFe and the

second ferromagnetic layer is cobalt or a cobalt alloy.

[



SA9- 91 009 : 5 aI I oy ferromagneti
exchange bi ased by FeMh, for exanple and the nmagni t ude g
can be controlled by the use of an under| ayer as will {
detail belsgacgiupognbodi nent of ‘the MR Sjgsensor, in accoraa
present invention, was built on a glass substrate conprising the fol | owi ng
structure: gl ass [err] The upper copper |ayer (not shown in Fig. 2) is
deposited in order to retard the oxidation of the Feivh layer. A different,
high resistivity passivation |ayer, such as Ta, for exanple, would be used
i n an actual device. The nonent vs nmagnetic field for this structure is
shown in Fig. 3(a) which shows the superposition of two | oops correspondi ng
tothe two Co | ayers, one of which is exchange biased by the Feih | ayer.

Fig. 3(b) shows an ABSTRACT

MAGNETORESISTIVE SENSOR

A magnetoresistive (MR) sensor comprising a layered structure
formed on a substrate (11) includes a first (12) and a second (16) thin.
film layer (14) of magnetic material separated by a thin film layer of
non-magnetic metallic material such as Cu, Au, or Ag, with at least one
of the layers of ferromagnetic material formed of either cobalt or a
cobalt alloy. The magnetization direction of the first ferromagnetic
layer, at zero applied field, is set substantially perpendicular to the
magnetization direction of the second ferromagnetic layer which is fixed
in position. A current flow is produced through the sensor, and the
variations in voltage across the MR sensor are sensed due to the changes
in resistance produced by rotation of the magnetization in the front
layer of ferromagnetic material as a function of the magnetic field

being sensed.
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Sfﬁﬁ%increasé inresistivity for the field range from2.0 [err} to 1.2 x 10
[err] (20 to 120 Cersted (0e)) corresponding to antiparallel alignment of
the Co magneti zations. Fig. 4 shows the MR response for the sane structure
whose magnetic characteristics were showmn in Fig. 3. Note that, due to the
orientation, by [err], of the sanple, the pbSitive field in Fig. 4
corresponds to the negative field in Fig. 3. In addition, when the field
sweep anplitude is too small to reverse the exchange-bi ased | ayer 16 (Fig.
2), the antiparallel alignment occurs at fields between -4.0 x [err] and
1.5 x [err] The choice of specific materials influences the MR response
that can be obtained fromthe MR SV sensor. For the first ferromagnetic

| ayer 12, soft nmgnetic properties are required. In addition to pure
cobalt, the layer 12 may conprise NiFe, NiCo or a cobalt alloy such as
CoZr, CoMoNb, or N FeCo, for exanple. The second ferromagnetic Iayer 16
preferably has hard nagnetic properties in order to fix its

I N | s 22 10
} \ N 12

i ,/
i
! N \
l \ =T §K;74
AN | \ \
\J\ " N\ N
N
BT “mm L
AN
AN
U,
| MAGNETIC
MEDIUM

FIG T



ragneti zation ih position.-In addition to pure cobalt, cobalt alloys such
as [err] can also be used. The second ferromagnetic |ayer 16 can al so have
its magnetization fixed in position by exchange coupling SA9- 91- 009

6 to FeMh or NiWnh, for exanple. In another enbodi nent, the nagnetization of
| ayer 16 is fixed by exchange coupling to 3 | i gh coercivity material such
as CoPt or CoPtCr. The | evel of exchange bias obtainable in the
above-descri bed enbodi ments may not be suitable for sone applications. It
has been di scovered that the | evel of exchange bias can be increased by the
speci fic enbodi nent of an MR SV sensor shown in Fig. 5. In this enbodi nent
the substrate 11, the layer of nonmagnetic material 14, the two |ayers 12,
16 of ferronmagnetic material, and the |ayer of exchange
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bi asi ng na;eiiar 18 correspond to the sanme structuré as_that described in
,conjunction with Figs. 1 and 2. However, a thin underl
"upon substrate 11 prior to the deposition of the other eﬁﬂgéHEETQ9@p§éé@
underlayer 24 is preferably zirconium (Zr) about 5.0 x-
. this underlayer serves to increase the c-a Bi/S texture of the Co layers,
~resulting in better crystallographic matching between Co and FeMh which in
- turn increases the exchange coupling. The MR response for a specific
- exanpl e of an underlayer is shown in Fig. 6 in which Flg 6(a) shows that
MR response for a structure \Mthoutfaaf“m*m,'ra,\,.,,.u..M g—6(b) shows MR
response for the same structurg; -ex Qg Zr was first
deposited on the substrate. Thg siruct re,of Flg ~6(b) ALonmpui ses: gl ass
[err] The capping layer 26 (FLY. 5) of a‘high re Vity mgterial such as
Taor Zr, for exanple, is then depossi he MR sensor;] and el ectrical,
| eads 28sand 30 are provided t9 f8r_ pat h bet ween_ ‘
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the MR sensor structure, current source 32 and sensing neans 34. The MR
response bf a specific enbodi mrent of an MR SV sensor is shown in Fig. 7,
and this MR structure conbines high MR anplitude (5.2% wth very |ow
saturation fields (150e). The data shown in Fig. 6 is for .an MR sensor

whi ch conprises the follow ng structure: géyg] SA9- 91- 009 The MR
response can be made even hi gher by the u f an underl ayer (Zr or Ta, for
exanple), and/or a different capping layer (again Zr or Ta, for exanple).
These changes in structure would not produce any deterioration in the soft
magnetic properties of the sensor. A magnetoresistive (MR) sensor which has
a large MR response at small applied magnetic fields has been descri bed.
The MR sensor
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conprises a’layered structure formed on a substrate ing
second thin filmlayers of ferromagnetic nateri al
| ayer of non-nagnetic netallic -material,
fornmed of a materi al
The magneti

ferromagnetic materi al
of cobalt and cobalt alloys.
of ferromagnetic materi al
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QLAI M 1. A magnet or esi stive sensing system conpri si ng; - eSSEFYe
sensor conprising a substrate and a | ayered structure Hem ACEMENT SHEET |i -
substrate, the layered structure conprising a first anfdl secq & Brml m

| ayer of ferromagnetic materi al separated#sa thin fi rma{t@‘g ‘ ;
non-magnetic netallic material, at |east e”of said | :
ferromagnetic material being formed of a material taken fromthe group
consi sting of cobalt and cobalt alloys, the nmagnetization direction of said
first layer of ferromagnetic material bei ng substantially perpendicular to
the magneti zation direction of sai ¢—secomdrayertof frerrohagneti c materi al-
at zero applied magnetic field; mecm(sa)f or T0dUCI NG a C emt flow through
sai d magnetoresistive sensor; gnd} feans f'or sensing t varfations in the
resistivity of said nagnetoreé‘fstl \ he diffgrence in
rotation of the nmagnetizations in s of ferromagnefic materials as
a function of the magnetic fi &d 2. The magneforesistive
sensing systemof claim1 additi ond {sing: neans fof fixing the
magneti zation direction of saigi se( ayer{ of - ferronmagnetijc material; and
wherein said changes in remst&v%y ced as a resul4 of rotation of
t he
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qaghetizatiOn in said first

magnet or esi stive sensing systemof claim2 wherein saic

.hon-magnetic material is nmad

consi sting of copper,

-0f said second |ayer of ferr
second | ayer of ferromagneti
coercivity than the coercivi
material. 5. The magnet oresi
means for fixing the nagneti
ferromagnetic material conpr
mat eri al
material .- 6. The magnet or esi
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material is formed froma material taken fromthe group ¢Onststing of . -
copper, silver, and gold. 9. The magnetoresistive sensin @?%%@ﬁ@?”T:ﬁﬁFﬁT?
mherein said underlayer is forned of a material taken frgmthegdf|

consi sting of tantalum and zirconi um 9 10. The nmagne oP&Ei*Strve sensi-ng

systemof claim1l wherein said first ferromagnetic |layer 7S N Fe and said
second ferromagneticlayer is cobalt or a cobalt alloy. 11. A

magnet or esi sti ve -sensor system conpri si ngl0a substrate; and a | ayered
structure fornmed on said substrate, said | ayered structure conprising a
first and second thin filmlayer of fengefmgretic material separated by a
thin filmlayer of non- magnetic netallTc material, at |east one of said

| ayers of ferromagnetic material being forned of a material taken fromthe
group consisting of cobalt .and cobalt alloys, the magnetization direction

of said first layer of ferronag@&bkﬁﬂﬁ&&féhﬁk Qﬁ&@ﬂ substantial ly

perpendi cul ar to the

A magnetoresistive (MR) sensor comprising a layered strucfure
formed on a substrate (11) includes a first (12) and a second (16) thin
film layer (14) of magnetic material separated by a thin film layer of
non-magnetic metaliic material such as Cu, Au, or Ag, with at least one
of the layéers of ferromagnetic material formed of either cobalt or a
cobalt alloy. The magnetization direction of the first-ferromégnetic
layer, at Zero appiiea_field, is set shﬁétahtially“pefﬁehdibulaf to the -
magnetization direction of the second ferromagnetic layer which is fixed
in position. A current flow is produced through the sensor,:and the
variations in voltage across the MR sensor are sensed due to the changes
in resistance produced by rotation of the magnetization in the front
" layer of ferromagnetic material as a function of the magnetic field

being sensed.

FIG. 1




magneti zation direction of said second | ayer of ferronmagh8EPLAGEMENTBHERT
zero applied magnetic field. 12. The magnetoresi stive sghsor cﬂgc C

additional |y conprising: means for fixing the magneti zat|] Batedi--ectt O -GF--..
said second | ayer of ferromagnetic materi-g- and wherei n-sard cmanges rmr—

saia i1t cBy M PANEPPaRRel if Boblithy €5 Mk Bl 45 FHEREMLRIGE" (o

of cl ai m 12 Dacembenl1balWO ayer of non-magnetic naterial is made froma

material taken froffelfiforHrPdbesGiR diseios® dn MR SGRBL whichi Has @l largd MRARESbnsé 4.
The magnet or esi S{ll Ve sensor s;cﬁqtl m of claim 12 wherein said neans for

fixing the hgWallapplied,magnatic of said second | ayer of ferronmagnetic
mat eri al conpri sesAgeoedinglyrtg onaiaspestobthe iheeption dierd isrdisclosgd et magneadresistive

with a substsglgs#fg%#&ergicg] Fis g?arci vitythan the coercivity of said first

| ayer of fer etic nmater| 15. The, magnet oresi stive sensor of claim
12" wherei n sai d macmagretoresistivenignsorComngising a- mbstate and adeyesed sfruciyied second

| ayer of fempRnROfesid sibdtid, dhe Ia‘?ﬁfb_ﬂi shiddtufe édthpriding Mfird VRl seéord thixgiRnge
bi asi ng mat ?r lal in direct, contact with %al d setcon I axter of ferr onatgﬂet iC
mat eri al . ayer of ferromagnetic material separated by a thin film layer 61 non-magnetic metallic
material, at least one of said layers of ferromagnetic material being formed of a
material taken from the group consisting of cobalt and cobalt alloys, the magnetization
direction of said first layer of ferromagnetic material being substantially perpendicular

to the magnetization direction of said second layer of ferromagnetic material at zero

applied magnetic field; _

means for producing a current flow through said magnetoresistive sensor; and .

means for sensing the variations in the resistivity of said magnetoresistive
sensor due to the difference in rotation of the magnetizations in said layers of
ferromagnetic materials as a function of the magnetic field being sensed.

According to another aspect of the invention there is disclosed a
magnetoresistive sensor system comprising:

a substrate; and

a layered structure formed on said substrate, said layered structure comprising
a first and second thin film layer of ferromagnetic material separated by a thin film
layer of non-magnetic metallic material, at least one of said layers of ferromagnetic
material beiﬁg formed of a material taken from the group consisting of cobalt and
cobalt alloys, the magnetization direction of said first layer of ferromagnetic material
being substantially perpendicular to the magnetization direction of said second layer of
ferromagnetic material at zero applied magnetic field.

In order that the invention'may be fully understood preferred embodiments

* thereof will now be described, by way of example only, with reference to the

accompanying drawings in which: -

Fig. 1 is an exploded perspective view of a magnetoresistive sensor in
accordance with an embodiment of the present inVen_tion;

Fig. 2 is an exploded perspective view of an alternate embodiment of the
magnetoresistive sensor; '

Fig. 3 shows two related graphs, of which (a) is a graph of the room
temperature hysteresis loop, and (b) is a graph of the room



6. The magnetoresistive sensor of claim 15 wherein sai { REREAC ENT%ET
‘non-magnetic material is fornmed froma material taken fijomthi g“

consi sting of copper, silver and gold. 17. The nmgnetor sPaipiwe-.sensi G-
*system of claim 15 additionally conprising an underl aye '
substrate and said first layer of ferromagnetic material. 18. The
magnet or esy st e sensor of claim 17 wherein said | ayer of non-nmagnetic
mat eri al med froma nmaterial taken fromthe group consisting of
copper, silver, and gold. 19. The magnetoresistive sensor of claim 17

wher ein said, %Qﬂgln@%%smﬁ,efsgﬁgﬁgjsyg{engcmﬁﬁgm | taken fromthe group
consi sting of tantalumand zirconi'um toresi stive sepnsor
cl ai m 11 wher ei himagpejoresisdye Feé}s?%?fﬁﬁ?fé?%a F%gﬁteg"é’slﬂi lgger ia“&%ﬂl@ Q’é’@ﬁﬂ
f er r omagryaid subseyte] theslayerbd structuresconprisitg afitsoynd second thin film layer of
'ferromagnetic material separated by a thin film layer of non-magnetic metallic material, at least
one of said layers of ferromagnetic material being formed of a material taken from the group
consisting of cobalt and cobalt alloys, the magnetization direction of said first layer of
ferromagnetic material being substantially perpendicular to the magnetization direction of said
second layer of ferromagnetic material at zero applied magnetic field;
means for producing a current flow through said magnetoresistive sensor; and
means for sensing the variations in the resistivity of said magnetoresistive sensor due
to the difference in rotation of the magnetizations in said layers of ferromagnetic materials as a
function of the magnetic field being sensed.
2. The magnetoresistive sensing system of claim 1 additionally comprising:
means for fixing the magnetization direction of said second layer of ferromagnetic
* material; and wherein said changes in resistivity are produced as a result of rotation of the
magnetization in said first layer of ferromagnetic material.
3. The magnetoresistive sensing system of claim 2 wherein said layer of non-magnetic
material is made from a material taken from the group consisting of copper, silver, and gold.
4. The magnetoresistive sensing system of claim 2 wherein said means for fixing the
magnetization direction of said second layer of ferromagnetic material comprises providing said
second layer of ferromagnetic material with a substantially higher coercivity than the coercivity
~of said first layér of ferromagnetic material.
5. The magnetoresistive sensing system of claim 2 wherein said means for fixing the
magnetization direction of said second layer of ferromagnetic material comprises a thin film
layer of anexchange biasing material in direct contact with said second layer of ferromagnetic

material.
- 6. The magnetoresistive sensing system of claim 5 wherein said layer of non-magnetic

material is formed from a material taken from the group consisting of copper, silver and gold.

7. The magnetoresistive sensing system of claim 5 additionally comprising an underlayer
between said substrate and said first layer of ferromagnetic material.

8. The magnetoresistive sensing system of claim 7 wherein said layer of non-magnetic
material is formed from a material taken from the group consisting of copper, silver, and gold.

9. The magnetoresistive sensing system of claim 7 wherein said underlayer is formed of a
material taken from the group consisting of tantalum and zirconium.

| R O LV A
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10. The magnetoresistive sensing system of claim 1 wherein said first ferromagnetic layer
is NiFe and said second ferromagneticlayer is cobalt or a cobalt alloy.

11. A magnetoresistive sensor system comprising:

a substrate; and

a layered structure formed on said substrate, said layered structure comprising a first
and second thin film layer of ferromagnetic material separated by a thin film layer of non-
magnetic metallic material, at least one of said layers of ferromagnetic material being formed
of a material taken from the group consisting of cobalt and cobalt alloys, the magnetization
direction of said first layer of ferromagnetic material being substantially perpendicular to the
magnetization direction of said second layer of ferromagpetic material at zero applied magnetic
field.

12. The magnetoresistive sensor of claim 11 additionally comprising:

means for fixing the magnetization direction of said second layer of ferromagnetic
material; and wherein said changes in resistivity are produced as a result of rotation of the
- magnetization in said first layer of ferromagnetic material.

13. The magnetoresistive sensor of claim 12 wherein said layer of non-magnetic material is
made from a material taken from the group consisting of copper, silver, and gold.

14. The magnetoresistive sensor system of claim 12 wherein said means fori fixing the
magnetization direction of said second layer of ferromagnetic material comprises providing said
second layer of ferromagnetic material with a substantially higher coercivitythan the coercivity
of said first layer of ferromagnetic material.

15. The magnetoresistive sensor of claim 12 wherein said means for fixing the
magnetization direction of said second layer of ferromagnetic material comprises a thin film
layer of an exéhange biasing material in direct contact with said second layer of ferromagnetic
material.

16. The magnetoresistive sensor of claim 15 wherein said layer of non-magnetic material is
formed from a material taken from the group consisting of copper, silver and gold.

17. The magnetoresistive sensing system of claim 15 additionally comprising an underlayer
between said substrate and said first layer of ferromagnetic material.

18. The magnetoresistive sensor of claim 17 wherein said layer of non-magnetic material is
formed from a material taken from the group consisting of copper, silver, and gold.

19. The magnetoresistive sensor of claim 17 wherein said underlayer is formed of a
material taken from the group consisting of tantalum and zirconium.

20. The magne't’o'résiétivé sensor of claim 11 wherein said first ferromagnetic layer is NiFe
and said second ferromagnetic layer is cobalt or a cobalt alloy.
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