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The present invention relates to apparatus for sensing a magnetic field, a sensor
for reading information from a magneﬁc storage medium, and a switch, all employing a
magnetoresistive element. The present invention also relates to a novel type of
magnetoresistive element. _

Magnetoresistive (MR) sensors are used in magnetic storage systems to detect
magnetically encoded information from a magnetlc storage medium or disc. A time

dependent magnetic field from a magnetic storage medium or disc directly modulates the

resistivity of the MR sensor. The change in resistance of the MR sensor can be detected

by passing a sense current through the MR sensor and mea:sﬁring the voltage across the
MR sensor. The resulting signal can be used to recover the encoded information from
the magnetic storage medium or disc.

Practicall MR sensors are typically formed using ferromagnetic metal alloys
because of their high magneﬁc permeability. A ferremagnetic metal alloy is deposited in

.a thin film upon an electrically insulated substrate or wafer. Changing magneﬁc fields

originating from the magnetic storage medium produce a change in the magnetization
direction of the MR sensor and thereby change the resistance of the sensor. This
phenomenon is called an MR effect. |

MR sensors have a maximum signal-to-noise ratio when the active region of the

- sensor has no movable magnetic domain boundaries or no domain boundaries. In other

words, the active sense area of the MR sensor should be a single domain. The presence
of domam boundaries in the sensor active area that move when a field is applied gives '
rise to Barkhausen noise, a phenomenon caused by the irreversible motion of a magnetic
domaixi in the presence of an applied magnetic field. Barkhausen noise cannot occur if

no domain boundaries exist. Typically, a single magnetic domain MR sensor is achieved
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by either utilizing geometry, or via boundary control stabilization or inherent
longitudinal magnetic fields or any combination thereof.

In order to predict the signal output of an MR sensor, it is necessary to know the
spatial angular dependence, O(x,y), between the current density vector J and the
magnetization vector M of the MR sensor. In general:

6(x,y) -cos"( )

In traditional MR sensor configurations, the shghé dependence of the current

~ density vector 7 on the resistivity of the element; given Byg

p(0) =p.+Apcos?@

has been treated as negligible and has been or can be ignored (for example, in an MR
sensor with contacts perpendicular to the active area). The reason for this is that the

fractional change is resistivity as defined by

4p

Pe
is relatively small for standard MR sensot configurations, usually less than 3.0 percent.
Thus, the dependence of the current density vector J on the resistivity of the device p is
negligible. In many practical MR devices, the change in resistivity as defined by |

4p
P

is even smaller; of the order of 0.5 percent resi'sﬁvity change to 2.0 percent near room

temperature.
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According to one aspect of the present invention, there is provided apparatus for
sensing a magnetic field, the apparatus comprising a magnetoresistive element
characterised by having two current paths therein, éach of the currént paths being such
its resistance varies in dependence upon the position of the magnetic field relative
thereto. |

According to another aépect of the pre'seht invention, there is pfovided a sensor
for reading information from a magnetic storage medium, the sensor comprising the
apparatus of the preceding paragraph arranged for sensmg‘me magnetic field
representing the information stored on the medium. ,Q |

According to a further aspect of the present invention, there is provided a switch
characterised by comprising a magnetoresiétive element having two current paths therein,
each of the current paths being such that its resistance varies in dependence upon the
position of a magnetic field relative thereto, and detecting means for detecting the
difference between the respective résistanc_es of the current paths and producing a switch
output indicative thereof, such that the switch output is controlled by the position of the
magnetic field relative to the respective. current paths.

According to another aspect of the invention, there is provided a magnetoresistive
element characterised by comprising layers of magnetic and layers 6f non-magnetic |
material.

Preferably, the inagnetoresistive él'ement comprises léyers of ferromagnetic and
layers of non-ferromagnetic material. | |

Such magnetoresistive elements may be referred to as " giaﬁt" magnetoi'esistive

elements (GMRs). This-term is used in the following description.
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The above apparatus, sensor and switch advantageously include such a
magnetoresistive element. | - ;

The magnetoresistive elements may have multi-layered structures. These devices
mﬁy include either layers of ferromagnetic and non-ferromagnetic films or a similar set
of films. Permalloy may or may not be part of the layered pattern. In GMR sensoi‘s,
the change in resistivity, due to a given magnetic field, as defined by

s $

p- ¥
can be in excess of 65 percent compared to between 0.5% and 2.0% for standard
devices. Giant MR sensors belong to a class of sensors in which the current density
vector J functionally depends on the spatial variation of p(e) via spatial field gradients.
Hence the dependence of the current density vector J on the resistivity of the device p is
critical.

These magnetoresistive elements may aliow the reading of information from a
magnetic storage medium due to a change in resistance of various positions along a
léngth of the giant magnetoresistive element caused by an applied magnetic field.

One embodiment of the present invention is a magnetoresistive sensor for reading
inforﬂxatiori from a longitudinal track of a' magnetic storagé medium moving under the
sensor. The sensor includes a giént magnetoresistive element positioned on a bottom
surface of a side rail located adjacént to the track. With the giant magnetoresistive
element, the current density vector’?can be dynamically adjusted by applying a magnetic
field to the element. First, second, and third electrical contacts are spatially and
preferably symmetrically positioned on the giant magnetoresistive element and along the
track. A first current path having a first variable resistance is formed between the first
and second electrical contacts, while a second current path having a second variable

resistance is formed between the first and third electrical contacts. The first and second
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current paths are preferably symmetrically positioned-abo.ut the first electrical contact. A
magnetic field representing information ﬁom the track of the magnetic storage medium
passes under the giant magnetoresistive element caflsing a change in the first variable
resistance in the first current path when the magnetic field passes under the first current
path. Similarly, the magnetic field causeé a change in the second variable resistance in
the second current path when the magnetic field passes under the.second current path.
External electrical circuitry can manipulate the various signal changes resulting from
these resistance variations, thereby recovering the desired‘iinfonnétion from the magnetic
storage medium. Thus, the property of a giant magnemf%sisﬁve sensor allowing for a
large change in résistance in the presence of a magnetic ﬁéld is utilized to unbalance a
current flow detectable by external circuitry.

A second embodiment of the present invention is an apparatus for sensing a
change in a magnetic field. The apparatus includes a giant'magnetoresistive element
positioned adjacent to the magnetic field. First, second, and third electrical contacts are
spatially positioned on the giant magnetoresistive element forming a first current path
having a first variable resistance between the first and second electrical contacts and a
second current path having a second variable resistance between the first and third -
électrical contacts. Preferably, the first and second current paths are symmetrically
positioned about the first contact. The mggneﬁc field causes a change in the first
resistance in the first current path when the magnetic field passes underneath the first
current path, and the magnetic field causes a change in the second resistance in the
second current path when the magnetic field passes underneath the second current path.

For a better understanding of the invention, embodiments will now be described
by way of example with reference to the accompanying drawings, in which:-

Figure 1 is a diagrammatic view of a slider containing a giant magnetore;istive

element.
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Figure 2 is a greatly enlarged diagrammatic view of the trailing edge of a slider

-6-

incorporating a first embodiment of the present invintion.

Figure 3 is a greatly enlarged diagrammatic view of the trailing edge of a slider
incorporating a sécénd embodiment of the present invention. |

Figure 4 is a diagrammatic view of a giant magnetoresistive element.

Figure 5 is a side view of a giant magnetoresistive element and a track of a
magnetic storage medium moving thefeunder.

Figure 6 is a greatly enlarged diagrammatic view | ff the trailing edge of a slider
incorporating an embodiment of the present invention. ) |

Figure 7 is a diagrammatic representation of the contacts of a giant
magnetoresistive element and the resistance paths between the contacts.

| Figure 8A is a diagrammatic view showing an embodiment of the present
invention incorporated info a first electrical circuit.

. lFigure 8B is a graph showing the output voltage of the electrical circuit of Figure -
8A as a function of the position of a transition from a magnetic storage medium.

Figuré 9A is a diagrammatic view showing an embodiment of the present
invention incorporated into a second electrical circuit.

Figure 9B is a graph showing the output voltage of the electrical circuit of Figure
- 9A as a function of the position of a magnetic medium.

Figure 1 is a diagrammatic view of slider 10. Slider 10 includes leading edge 12,
trailing edge 14, first side rail 16, second side rail 18, and giant magnetoresistive (GMR)
element 20. First side rail 16 includes outer surface 22 and bottom surface 24, while

second side rail 18 includes outer surface 26 and bottom surface 28.
| In operation, slider 10 having GMR element 20 positioned on first side rail 16 is
attached to an arm of a disc drive system and used for recording information to and

reading information from a magnetic storage medium or disc. In an alternate

o
et Has Been Replaced

T LR



ORIGINAL |

-7-

embodiment, a second GMR elemen.t, similar to GMR element 20, is positioned on
second side rail 18. |

Figure 2 is a greatly enlarged diagrammatichview of trailing edge 14 of slider 10
incorporating a first embodiment of the present invention. Slider 10 shown in Figure 2
includes trailing edge 14, first side rail 16 ha_ving outer surface 22 and bottom surface
24, second side rail 18 having outer surface 26 and bottom surface 28, and GMR
element 20. |

As shown in Figure 2, GMR element 20 includes glectrical contacts 30A, 30B
and 30C and has lehgth L and height H. Due to the resi.‘gve nature of GMR element 20,
a first current path is formed between elw&icd contacts 30A and 30B and a second
current path is formed between contacts 30A and 30C. Eléctrical leads (not shown in
Figure 2) are used to connect electrical contacts 30A, 30B and 30C to external circuitry.

In operation, slider 20 is positioned above a moving magnetic storage medium or
disc. The magnetic storage medium or disc contains a series of data tracks, one of which
is represented by track 32. Track 32 contains a series of loﬁgitudinal transitions 34.
Each transition on track 32 represents a pai‘ticular piece of data stored on track 32 and
has a magnetic f_iéld associated with it. Magnetic field 36 (shown in Figure 2) is
associated with longitudinal transition 34 and denotes the vertical field profile as a

function of the distance from transition 34. Track 32 moves in the direction from

| leading edge 12 to trailing edge 14 of slider 10, as shown by the arrow 35 in Figure 2.

As magnetic fiéld 36 associated with transition 34 passes under the first current
path formed between electrical contacts 30A aind 30B, the resistance within the first
current path decreases due to the properties of GMR element 20. Similarly, as magnetic
field 36 representing transition 34 passes under the second current path formed between
electrical contacts 30A and 3OC, the resistance in the second current path decreases while

 the resistance in the first path increases to its base resistance. These changes in-
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resistance can be manipulated by external circuitry connected to electrical contacts 30A,
30B and 30C. i | |

- Figure 3 is a greatly enlarged diagfammatic’view of trailing edge 14 of slider 10
incorporating a second embodiment of the present invention. The embodiment shown in
Figure 3 is another example of a composite structure permitting a conventional writer
structure (ndt shown in Figure 3) to be added. Slider 10, as shown in Figure 3,is
identical to the slider shown in Figure 2, except that GMR element 20 is no longer
positioneﬂ on outer surface 22 of ﬁrst side rail 16. Ratherg first GMR element 20 is
located within core 38 positioned on trailing edge 14 of ﬁrst side rail 16, and second
GMR element 40 is located within core 42 positioned on traﬂlng edge 14 of second side
rail 18. GMR element 40 includes contacts (not shown) similar to contacts 30A, 30B
and 30C of GMR element 20. GMR elements 20 and 40 are identical; therefore, for
simplicity, only GMR element 20 will be further discussed.

As shown in Figures 2 and 3, GMR element 20 is pb;itioned such that the length
of GMR element 20 is sﬁbstantially parallel to track 32 moving under first side rail 16.
This positioning, and the position of contacts 30A, 30B and 30C permit a large change in
resistance within the first and second current paths as magnetic field 36 passes
thereunder, thereby unbalancing a curi'ent flow detectable by external circuitry.
| Figure 4 is a diagrammatic view of GMR element 20. GMR element 20 differs
from a normal MR element in that GMR élement 20 includes either layers of

ferromagneﬁc and non-ferromagnetic films or a similar pattern of films. Standard |
permalloy may be part of the pattern. The novel composition of GMR element 20 .
provides that the change in resistivity of GMR element 20 can be 'signiﬁcantly modulated
by the movement of a magnetic field. By properly positioning electrical contacts 30A,
30B and 30C, it is possible to change the resistance in the first and second current paths
formed by contacts 30A, 30B and 30C. This change in resistance can then be

© This Sheet Has Been: Rep;aced
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manipulated by external circuitry to decode transition 34 located on track 32 associated

with magnetic field 36. 4

Contacts 30A, 30B and 30C can be positioned anywhere along thickness T of
GMR element 20. In one preferfed embodiment, contacts 30A, 30B and 30C are"
positioned on an outer surface of GMR element 20 as shown in Figure 4. Conversely,
contacts 30A, 30B and 30C must be spatially positioned along length L of GMR element
20 in order to transduce the modulated resistivity of GMR element 20. In one preferred
embodiment, contacts 30B and 30C are symmetrically pohtloned along length L of MR |
 element 20 about contact 30A, thereby forming an isoscelés triangle. With this type of
design, differing resistances due to differing lengths of current paths are eliminated.
Therefore, any resistance changes and associated current spiitting should be a result_ ofa
moving transition 34 located under the MR element. _

If contact 30A is positioned directly above or below either contacts 30B or 30C,
moving magnetic field 36 (shown in Figures 2 and 3) would not cause a substantial
change in resistance in ﬁe appropriate current path due to the contact alighment as the
transition 34 moves past the sensor. Thus, it is best that contacts 30A, 30B and 30C are
spatially positioned along length_ L of GMR element 20 and that contact 30A is |
positioned at a height different from the height from both contacts 30B and 30C. In one
" preferred embodiment, the first and second current paths are symmetrically positiohed
about first contact 30A.

Figure 5 is a side view of GMR element 20 and track 32 of a magnetic storage
medium moving thereunder. Track 32 is moving in a direct as shown by the arrow in
Figure 5. In operation, while track 32 is moving, transition 34 and assoéiated magnetic
field 36 move under GMR element 20. _

' When transition 34 and associated magnetic field 36 becomes positioned between
- first contact 30A and second contact 30B, magnetic field 36 causeé a decrease in

resistance in a ﬁi‘st current path between contacts 30A and 30B. This decrease in
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resistance can be detected by external circuitry by passing a current through a first
contact path formed between contacts 30A and 30B. Likewise, when transition 34 and
associated field 36 moves to a position between first contact 30A and third contact 30C,
the resistance in the second current path formed by contacts 30A and 30C decreases and
the resistance in the first current path formed by contacts 30A and 30B increases due to
the absence of the magnetic field between contacts 30A and 30B. This change in
resistance can be detected by external circuitry by passing a current through second
contact path formed by contacts 30A and 30C, thereby de%ading transiti_on 34.

Figure 6 is a greatly enlarged diagrammatic view ®f trailing edge 14 of slider 10
incorporating a first embodiment of tﬁe present invention. Figure 6 shows electrical
leads 44A, 44B and 44C connected to contacts 30A, 30B and 30C, respectively.
Electrical leads 44A, 44B, and 44C provide the current patﬁ from external circuitry (not
shown in Figure 6) to contacts 30A, 30B and 30C. Although contacts 30A, 30B and 30C
are shown on the outside surface of GMR element 20, these cqntacts can be p_ositioned
throughout the width of GMR element 20. |

Figure 7 is a diagrammatic representation of contacts 30A, 30B and 30C and the
resistance paths between the contacts. When any magnetic field becomes positioned
between contacts 30A and 30B, resistance Ry will decrease. This decrease in resistance
of Ry is caused by the properties of the GMR element having a plurality of
ferromagnetic and non-ferromagnetic layei's and can be detected and maﬁipulated by
external circuitry connected to electrical leads 44A and 44B. Likewise, when a ni_agnetic
field becomes positioned between contacts 30A and 30C, resistance R) decreases. This
decrease in resistance can be detected and manipulated by external circuitry connected to
contacts 44A and 44C. External circuitry can utilize these changes in resistances of R}
and R for a variety of purposes, as discussed below. | |

Figure 8A is a diagrammatic view showing the GMR element. .20 incorporated

into a first electrical circuit. Figure 8A includes GMR element 20, contacts 30A, 30B
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and 30C, electrical leads 44A, 44B and 44C, resistors R3 and R4, having identical
resistances, and differential amplifier 46. GMR elément 20 is normally positioned on
slider 10, either on outer surface 22 of first side rail 16, as shown in Figure 2, or in core
38 of Figure 3. Figure 8B is a graph showing the output voltage of differential amplifier
46 asa function of the position of transition 34 and associated magnetic field 36.

In operation, track 32 ofé magnetic s;orage medium or disc is moving
underneath slider 10 having GMR element 20 positioned Qear trailing edge 14. As
transition 34 and associated magnetic field 36 move, the}' eventually become posmoned
“between contacts 30A and 30B. At this point, the resistance in the first current path

beiween contacts 30A and 30B decreases due to the propert_ies of GMR element 20.
With a supplied current, the decrease in resistance causes an increase in the current
flowing through the first current path from contact 30A to contact 30B, as compared to
the current flow through the second current path from contact 30A to contact 30C. This
increase in current through the first current path provides a greater voltage drop across
resistor R3 than the voltage drop across resistor R4. The difference in voltage drdp
across resistors R3 and Ry is amplified by differential amplifier 46, producing a positive
output voltage V4. This output voltage is shown on the 1eft side of Figure 8B.

Eventually, transition 34 and associated magnetic field 36 becomes positioned
directly under contact 30A. At this point: the change in resistance in the first current

| path between contacts 30A and 30B will be equal to the change in resistance in the |

second current path between contacts 30A and 30C. Therefore, there will be no
differential voltage dfop across resistors R3 and R4. Hence, there will be no output
voltage V, of differential amplifier 46. This data position is represented in Figure 8B
where x = 0, and thus, the output voltage of differential amplifier 46 equals; 0.

As transition 34 and associated magnetic field 36 continue to move under GMR
element 20, transition 34 and associated magnetic field 36 will eventually be positioned

substantially under the second current path between contacts 30A and 30C. The
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resistance in the second current path will decrease and the resistance in the first current
path will increase, hence, causing more current flow through the second current path
than through the first current path. This increase inﬁ current through the second current
path will in turn cause a increase in the voltage across resistof R4. The difference in
voltage drop across resistors R3 and R4 is amplified By differential amplifier 46,
producing a negative output voltage V. This output voltage is shown on the right side
of Figure 8B by the negative output voltage.

Finally, transition 34 and associated magnetic ﬁelq;36 will move such that
magnetic field 36 is no longer positioned under either thé first contact path between
contacts 30A and 30B or the second contact path msiﬁonéd between contacts 30A and
30C. At this point, the voltage drop across resistor Rj will be substantially equal to the
voltage drop resistor'R4 and the gain of differential amplifier 46 will be zero or nominal.
The output will continue to be zero or nominal until new data having a separate magnetic
field begins to pass under GMR elemenf 20. |

One advantage of such an arrangement is that it may allow signals representative
of the magnetic field 36 occurring due to transitions 34 to be decoded by a standard zero
crossing detector. Thus, the information stored on the recording medium. may be readily
retrieved, for example_:, by detecting zero crossings in the output voltage V, of the
differential amplifier 46. . N

Figure 9A is a diagrammatic view showing an embodiment of thé present
~ invention incorporated into a second electrical circuit. Figure 9A includes GMR element
20, contact 30A, 30B and 30C, electrical leads 44A, 44B and 44C, resistors R3 and R4,
having substantially identical resistances, and compé.ritor 48. In one preferred
embodiment, comphritor 48 is a Schmitt trigger (ie. a comparitor with hysteresis).
Figure 9B is a graph shoWing the output voltage 6f comparitor 48 of Figure 9A as a'

function of the position of magnetic switch 50.
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In operation, magnetic switch 50 is movable from pbsition a" to position "a'." |
When magneﬁc switch 50, having magnet 52 attached the're_fo, is in position "a", the
resistance in the first current path between contacts‘30A and 30B is low due to the
properties of GMR element 20. With a supplied curreht, ‘the low resistance in resistivity
causes an increase in the current flow tiﬁough the first current path from contact 30A to
* contact 30B, as compared to the current flow through the second current path from
contact 30A to contact 30C. This increase in current through the first current path
provides a greater voltage drop across resistor R3 than thqqultage drop across resistor
R4. Comparitor 48 interprets this voltage differential anﬁ provides a low voltage output,
as shown in Figure 9]3. | )'

When magnetic switch 50 is located at "a'", the resistance of the second current
bath will decrease and the resistance of the first current path will increase, hence,
causing more current flow through the second current path than through the first current
path. This increase in current through the second current path will in turn cause an
increase in the voltage across resistor R4. The difference in voltage across resistors R3
and Ry is detected by comparitor 48, thereby producing a high voltage output, as shown
in Figure 9B. Therefore, this embodiment of the present invention can be used as a
common switch. However, when used as a switch, the embodiment incorporating the
present invention shown in Figure 9A has.no movable contacting parts which could wear
out or break and no electrical contacts which could generate a spark-causing potential
explosion in hazardous applications. - _

Although the present invention has been descﬁbed with reference to preferred |
embodiments, workers skilled in the art will recognize that changes may be made in
form and detail without departing from the spirit and scope of the inventioﬁ.

e
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1.  Apparatus for sensing a magnetic field (36), the apparatus comprising a

magnetoresistive element (20) characterised by having two current paths (30A-30C, 30A-
30B) therein, each of the current paths béing such its resistance varies in dependence

| upon the position of the magnetic field (36) relative hereto

2. - A sensor for reading information from a magneuqstorage medium (32), the

sensor comprising the apparatus of claim 1 arranged for sepsmg the magnetic field (36)

representing the information stbred on the medium.

3. Apparatus according to claim 1 or a sensor accordiné to claim.2, wherein

movement of the magnetic field (36) from a first position und_emeath a first of the

current paths to a second position underneath a second of the current paths causes the

resistance of the first current path to increase and causes the resistance of the second

current path to decrease.

4. Apparatus according to claim 1 or 3, or a sensor according to claim 2 or 3,

.wherein first (30A), second (30B) and third (30C) electrical contacts are positioned on

the magnetoresistive element (20) such that a first current path having a first variable

resistance is formed between the ﬁrst and ‘second electrical contacts and a second current

path having a second variable resmtance is formed between the first (30A) and third

(30C) electrical contacts. |

5. Apparatus according to claims 1, 3 or 4, or a sensor according to claims 2, 3 or

4, wherein the magnetoresistive element comprises a plilrality of varying strips of

material.

6. Apparatus or a sensor according to claim §, Wherein the first electrical contact

(30A) is positioned on a first strip of material and the second electrical contact (30B) is

AR



This Sheet Has Been Replac

I

positioned on a second strip of material, and wherein the first strip of material is

|ORIGINAL

-15-

different from the second strip of material. b _

7. Apparatus or a sensor according to claim 6, wherein the third electrical contact
(30C) is positioned on a third strip of material, and wherein the first strip of material is
different from the third strip of material. |

8. Apparatus or a sensor according to claim 5, wherein the plurality of varying
strips of material further comprises layers of ferromagneti_c and non-ferromagnetic
material. ' ; _

9. A sensor according to any one of claims 2 to 8, comprising a slider (10) having a -
side rail (16,18), the side rail having a bottom surface (24,28), wherein the slider is
arranged to position the bottom surface of the side rail adjacent a track (32) of the
Storage medium.

10. A sensor according to claim 9, wherein the slider (10) fufthe:_‘ comprises

a leading edge; a trailing edge; and wherein the magnetoresistive element. (20) is
positioned closer to the trailing edge of the slider.

11. A sensor according to claim 10, wherein the magnetoresistive elements (20) is
positioned near the trmhng edge of the slider in a core (38,40).

12. A sensor according to claims 9, 10 or.11 wherein the side rail (16,18)further
comprises an outer surface; and wherein the magnetoresistive element is positioned on
the outer surface (22) of the side rail (16,18).

13. A sensor according to any one of claims 9 to 12, wherein the slider (10) further
comprises é second side rail having a bottom surface, wherein the slider is arranged Eo
position the bottom surface of the sécond side rail adjacent a further track of a ﬁlurality
of tracks of the storage medium.

14. A sensor according to claim 13, further comprising a second inagnetoresistive

element positioned on the bottom surface of the second side rail; fourth, fifth and sixth

electrical contacts spatially positioned along the length of the second magnetoresistive

* ¢ L N 8§ =%
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element and along the further track such that a third current path having a third variable

-16=-

resistance is formed between the fourth and fifth electrical contacts and a fourth current
path having a fourth variable resistance is formed bhtween the fourth and sixth electrical
contacts; and wherein 'a further magnetic field representing information from the fur;her
track causes a change in the third variable resistance in the third current path when the
further magnetic field becomes positioned substantially under the third current path, and
wherein the further magnetic field from the further track causes a change in the fourth
variable resistance in the fourth current path when the furs_ger magnetic field becomes
positioned substantially under the fourth current path. 3
15. A sensor according to claim 14, wherein the Seco;ui magnetoresistive element is
as claimed in any one of claims 5, 8 and 10-12. |
16. A sensor according to claim 15, wherein the fourth t;lectrical contact is positioned
on a fourth strip of material and the ﬁfth electrical contact is positioned on a fifth strip of
material, and wherein the fourth strip of material is different fro the fifth strip of
material. '
17. A sensor according to claim 16, wherein the sixth electrical contact is positioned
on a sixth strip of material, and wherein the fourtﬁ strip of material is different from the
sixth strip of material. _
18. ~ A sensor for reading information from one of a plurality of longitudinal tracks of
' a magnetic storage medium moving underneath the sensor, the sensor comprising:

a slider having a side rail, the side rail having a bottom surface, wherein the
slider is arranged to position the bottom surface of the side rail_adjacent a first track of
the plurality of longitudinal tracks; |

a giant magnetoresistive element positioned on the bottom surface of the side rail;

first, second and third electrical contacts spatially positioned on the giant
magnetoresistive element and along the first track such that a first current path having a
first variable resistance is formed between the first and second electrical contacts and a

I —
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second current path having a second variable resistance is formed between the first and
third electrical contacts; and

wherein a first magnetic field representing iglformation from the first track causes
a change in the first variable resistance in the first current path when the first magnetic
field becomes positioned substantially underneath the first current path, and wherein the
first magnetic field causes a change in the second variable resistance in the second
current path when the first field becomes positioned substantially underneath the second
current path. | Y
19. A sensor according to any of claims 2 to 19, comﬁrising zero crossing detection
means responsive to signals indicative of the variation in: resistance of the current paths
for extracting data from said storage medium.
20.  An apparatus for sensing a movement in a magnetic‘ﬁeld, the apparatus
comprising:

a giant magnetoresistive element;

first, second, and third electrical contacts spatially positioned on the giant
magnetoresistive element 'forriling a first current path in the giant magnetoresistive
element having a first variable resistance betweeh the first and second electrical contacts
and a second current path in the giant magnetorésistive element having a secqnd variable
resistance between the first and third electrical contacts; and

wherein the magnetic field causes .a change in the first variable resistance in the
first current path when the field becomes positioned substantiaﬂy underneath the first -
current path, and wherein the magnetic field causes a change in the second variable
resistance in the second current path when the field becomes positioned substantially
underneath the second current path. |
21. A switch characterised by comprising a magnetorésistive element (20) having two
cun'ént paths (30A-30C, 30A-30B) therein, each of the current paths being such that its

resistance varies in dependence upon the position of a inagnetic field (36) relative
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thereto, and defecting means (48) for detecting the difference between the respective
resistances of the current paths and producing a switch output (V) indicative thereof,
such that the switch output is controlled by the position of the magnetic field relative to
the respective current paths. | | )
22. A magnetoresistive element (20) characterised by comprising layers of magnetic
and layers of non-magnetic material. |
23. A magnetoresistive element according to claim 22, comprising layers of
ferromagnetic and _layers of non-ferromagnetic material,f ‘
24.  Apparatus according to any one of claims 1,3t0 8 or 20, a sensor according to
any one of claims 2 to 19, or a switch according to claim 21, characterised by including
a magnetoresistive element acéording to claim 22 or claim‘23.
25. A method of sensing a magnetic field using a magnetoresistive element,
characterised by detecting the change in resistance of at least tho current paths in the

magnetoreistive element in response to the position of the magnetic field.
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