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MAGNETORFSISTIVE ELEMENT 

The present invention relates to apparatus for sensing a magnetic field, a sensor 

for reading information from a magnetic storage medium, and a switch, all employing a 

magnetoresistive element. The present invention also relates to a novel type of 

inagnetoresistive element. 

Magnetoresistive (MR) sensors are used in magn~tic storage systems to detect 

magnetically encoded information from a magnetic storafe medium or disc. A time 

dependent magnetic field from a magnetic storage mediur(J. or disc directly modulates the 

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

by passing a sense current through the MR sensor and measuring the voltage across the 

MR sensor. The resulting signal can be used to recover the encoded information from 

the magnetic storage medium or disc. 

Practical MR sensors are typically formed using ferromagnetic metal alloys 

because of their high magnetic permeability. A ferromagnetic metal alloy is deposited in 

.a thin film upon an electrically insulated substrate or wafer. Changing magnetic 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 110 domain boundaries. In other 

words, the active sense area of the MR sensor should be a single domain. The presence 

of domain 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 

domain 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 ~R sensor, it is necessary to know the 

-spatial angular dependence, 0(x,y), between the current density vector J and the 

magnetization vector M of the MR sensor. In general: 

••. "lifJ 
0(x,y)•COS (-::-::) 

MJ 

':(. . 

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

-density vector J on the resistivity of the element; given li~ 

p (0) -p.+.Qpcos 26 

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 

~ 
P• 

is relatively small for standard MR sensot configurations, usually less than 3.0 percent. 

Thus, the dependence of the current density vectorJ on the resistivity of the device p is 

negligible. In many practical MR devices, the change in resistivity as defined by 

~p 

P• 

is even smaller; of the order of 0.5 percent resistivity change to 2. 0 percent near room 

temperature. 

·1'1ii1iUf 
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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, ~h of the current paths being such 

its resistance varies in dependence upon the position of the magnetic field relative 

thereto. 

According to another aspect of the present invention, there is provided a sensor 

for reading information from a magnetic storage medium, the sensor comprising the 

apparatus of the preceding paragraph arranged for sensing the magnetic field 
J. 

representing the information stored on the medium. ~-
According to a further aspect of the present inventipn, there is provided a switch 

characterised by comprising a magnetoresistive 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 resistances 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 iayers of magnetic and layers of non-magnetic 

material. 

Preferably' the magnetoresistive element comprises layers of ferromagnetic. and 

layers of non-ferromagnetic material. 

Such magnetoresistive elements may be referred to as "giant" magnetoresistive 

element$ (GMRs). This term is used in the following description. 

This Sheet Has Been Replaced 
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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 

may 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 sensors, 

the change in resistivity, due to a given magnetic field, as defined by 

A£ 
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 I functionally depends on the spatial variation of p(9) via spatial field gradients. 

Hence the dependence of the current density vector 'f on the resistivity of the device p is 

critical. 

These magnetoresistive elements may allow the reading of information from a 

magnetic storage medium due to a change in resistance of various positions along a 

length of the giant magnetoresistive element caused by an applied magnetic field. 

One embodiment of the present invention is a magnetoresistive sensor for reading · 

information from a longitudinal track of a• magnetic storage medium moving under the 

sensor. The sensor includes a giant magnetoresistive element positioned on a bottom 

surface of a side rail located adjacent to the track. With the giant magnetoresistive 

element, the current density vector T 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 about the first electrical contact. A 

magnetic field representing information from the track of the magnetic storage medium 
j 

passes under the giant magnetoresistive element causing 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 causes 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 desirecJ\tilformation from the magnetic 
l! 

storage medium. Thus, the property of a giant magneto~esistive sensor allowing for a 
' 

large change in resistance in the presence of a magnetic field is utilized to unbalance a 

current flow detectable by external circuitry. 

A second embOcliment 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 · 

electrical contacts. Preferably, the first and second current paths are symmetrically 

positioned about the first contact. The magnetic 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 magnetoresistive 

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

incorporating a first embodiment of the present inv;ntion. 

Figure 3 is a greatly enlarged diagrammatic view of the trailing edge of a slider 

incorporating a second 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 thereunder. 

Figure 6 is a greatly enlarged diagrammatic view ifr the trailing edge of a slider 
~ 

incorporating an embodiment of the present invention. , . 
. l 

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 into a first electrical circuit. 

Figure 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. 

Figure 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 

. This Sheet Has Been Re'placed 
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embodiment, a second GMR element, similar to GMR element 20, is positioned on 

second side rail 18. 

Figure 2 is a greatly enlarged diagrammaticlview 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 having 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 electrical contacts 30A, 30B 

and 30C and has length L and height H. Due to the resilve nature of GMR element 20, .. . 

a first current path is formed between electrical contacts '39A and 30B and a second 

current path is formed between contacts 30A and 30C. Electrical leads (not shown in 

Figure 2) are used to connect electrical contacts 30A, 30B ~d 30C to external circuitrjr. 

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 serie8 of longitudinal transitions 34. 

Each transition on track 32 represents a particular piece of data stored on track 32 and 

has a magnetic field 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 field 36 associated with transition 34 passes under the first current 

path formed between electrical contacts 30A and 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 30C, 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. 

Figure 3 is a greatly enlarged diagrammaticjview 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 (not 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 · 

positioned on outer surface 22 of first side rail 16. Rath~ first GMR element 20 is 

located within core 38 positioned on trailing edge 14 of •st side rail 16, and second 
. . i . 

GMR element 40 is located within core 42 positioned on trailing 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 positioned such that the length 

of GMR element 20 is substantially 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 current 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 element 20 includes either layers of 

ferromagnetic 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 
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manipulated by external circuitry to decode transition 34 located on track 32 associated 

with magnetic field 36. ' 
Contacts 30A, 30B and 30C can be positioned· anywhere along thickness T of 

GMR element 20. In one preferred 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 G~"-element 20. In one preferred 
~ 

embodiment, contacts 30B and 30C are symmetrically po$tioned along length L of MR 
< 

element 20 about contact 30A, thereby forming an isoscel~ triangle. With this type of 

design, differing resistances due to differing lengths of current paths ·are eliminated . 
• 

Therefore, any resistance changes and associated current splitting should be a result of a 

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 the appropriate current path due to the contact alignment 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 positioned 

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 associated magnetic 

field 36 move under GMR element 20. 

When transition 34 and associated magnet:\c field 36 becomes positioned between 

first contact 30A and second contact 30B, magnetic field 36 causes a decrease in 

resistance in a first 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 firlA 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 d~oding transition 34. 
if -

Figure 6 is a greatly enlarged diagrammatic view §f trailing edge 14 of slider 10 

incorporating a first embodiment of the present invention. ~ Figure 6 shows el~trical 

leads 44A, 44B and 44C connected to contacts 30A, 30B and 30C, respectively. 

' Electrical leads 44A, 44B, and 44C provide the current path 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 contacts can be positioned 

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 R 1 will decrease. This decrease in resistance 

of R 1 is caused by the properties of the GMR element having a plurality of 

ferromagnetic and non-ferromagnetic layers and can be detected and manipulated by 

external circuitry connected to.electrical leads 44A and 44B._ Likewise, when a magnetic 

field becomes positioned between contacts 30A and 30C, resistance R1 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 1 

and R1 for a variety of purposes, as discussed below. 

Figure SA is a diagrammatic view showing the GMR element 20 incorp<>rated 

into a first electrical circuit. Figure SA includes GMR element 20, contacts 30A, 30B 
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and 30C, electrical leads 44A, 44B and 44C, resistors RJ and R4, having identical. 

resistances, and differential amplifier 46. GMR elgment 20 is normally positioned on 

slider 10, either on outer sudace 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 as a function of the position of transition 34 and associated magnetic field 36. 

In operation, track 32 of a magnetic storage medium or disc is moving 

underneath slider 10 having GMR element 20 positioned F trailing edge 14. As 

transition 34 and associated magnetic field 36 move, the~ eventually become positioned 

· between contacts 30A and 30B. At this point, the resistanee in the first current path 

between contacts 30A and 30B decreases due to the properties 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 RJ than the voltage drop across resistor R4· The difference in voltage drop 

across resistors RJ and R4 is amplified by differential amplifier 46, producing a positive 

output voltage V 0 • This output voltage is shown on the left side of Figure SB. 

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 drop across resistors R3 and R4· Hence, there will be no output 

voltage V 0 of differential amplifier 46. This data position is represented in Figure SB 

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 
j 

than through the first current path. This increase in current through the second current 

path will in tum cause a increase in the voltage across resistor R4,. The difference in 

voltage drop across resistors RJ and R4, is amplified by differential amplifier 46, 

producing a negative output voltage V 0 • This output voltage is shown on the right side 

of Figure SB by the negative output voltage. 

Finally, transition 34 and associated magnetic fiel,36 will move such that 

magnetic field 36 is no longer positioned under either th~ first contact path between 
• 

contacts 30A and 30B or the second contact path positioned between contacts 30A and 

30C. At this point, the voltage drop across resistor RJ wi~ 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 element 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 0 of the 

differential amplifier 46. 

Figure 9A is a diagrammatic view showing an embodiment of the 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 comparitor 48. In one preferred 

embodiment, comparitor 48 is a Schmitt trigger (ie. a comparitor with hysteresis). 

Figure 9B is a graph showing the output voltage of 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 position "a" to position "a'." 

When magnetic switch 50, having magnet 52 attached thereto, is in position "a", the 
j I. 

resistance in the first current path between contacts 30A and 30B is low due to the 

properties of GMR element 20. With a supplied current, the low resistance in resistivity 

causes an increase in the current flow through the first current path from contact 30A to 

· contact 30B, as compared to the current fl.ow 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 th, voltage drop across resistor 

~- Comparitor 48 interprets this voltage differential ~a provides a low voltage output, 

as shown in Figure 9B. 

When magnetic switch 50 is located at "a'", the resi,stance of the second current 

path will decrease and the resistance of the first current path will increase, hence, 

causing more·current fl.ow 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~- The difference in voltage across resistors RJ 

and ~ 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 described 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 invention. 
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CLAIMS 

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 being such its resistance varies in dependence 

upon the position of the magnetic field (36) relative hereto. 
'.t. 

2. A sensor for reading information from a magneti~torage medium (32), the 

sensor comprising the apparatus of claim 1 arranged for s~sing the magnetic field (36) 

representing the information stored on the medium. 

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

movement of the magnetic field (36) from a first position underneath 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 1or3, 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 ~ariable resistance 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 plurality of varying strips of 

material. 

6. Apparatus or a sensor according to claim 5, wherein the first electrical contact 

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

"lllllll llllll lllll lllll ll llll · 
* C L M S * 
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positioned on a second strip of material, and wherein the first strip of material is 

different from the second strip of material. ; 

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 ferromagnetic and non-ferromagnetic 

material. 
,. 
~ . 

9. A sensor according to any one of claims 2 to 8, co~prising 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 adjaeent a track (32) of the 

storage medium. 

10. A sensor according to claim 9, wherein the slider (10) further 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 trailing edge of the slider in a core (38,40). 

12. A sensor according to claims 9, 10or.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 ~o 12, wherein the slider (10) further 

comprises a second side rail having a bottom surface, wherein the slider is arranged to 
. . 

position the bottom surface of the second side rail adjacent a further track of a plurality 

of tracks of the storage medium. 

14. A sensor according to claim 13, further comprising a second magnetoresi:stive 

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 

11111111111111111111111111 1111 
* C L M S * 
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element and along the further track such that a third current path having a third variable 

resistance is formed between the fourth and fifth electrical contacts and a fourth current 

path having a fourth variable resistance is formed ~tween the fourth and sixth electrical 

contacts; and wherein a further magnetic field representing information from the further 

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 fu~er magnetic field becomes , 
positioned substantially under the fourth current path. ~ 

15. A sensor according to claim 14, wherein the second 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 electrical 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 fourth 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 

1111\1111\11\l:lllll l\lll \11111 
* C L M S * 
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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 diformation from the first ti:ack 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. .+ 
19. A sensor according to any of claims 2 to 19, com.rising 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 °forming a first current path in the giant magnetoresistive 

element having a first variable resistance between the first and second electrical contacts 

and a second current path in the giant magnetoresistive element having a second variable 

resistance between the first and third electrical contacts; and 
I 

wherein the magnetic field causes a change in the first variable resistance in the 

first current path when the field becomes positioned substantially 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 magnetoresistive element (20) having two 

current paths (30A-30C, 30A-30B) therein, each of the current· paths being such that its 

resistance varies in dependence upon the position of a magnetic field (36) relative 

11111111111111 11111 11111111111 ·· 
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thereto, and detecting means (48) for detecting the difference between the respective 

resistances of the current paths and producing a S\fitch output (V 0) 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~~, 
24. Apparatus according to any one of claims 1, 3 to 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 according 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 two current paths in the 

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