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GANGED MR HEAD SENSOR 

This application is a continuation-in-part of Mowry, 
G., Ser. No. 015,200, filed 02/17/87, entitled "Non 
Linear Magnetoresistive Sensor', and Mowry, G. Ser. 
No. 015,203, filed 02/17/87, now abandoned entitled 
"Magnetoresistive Sensor Having Antiferromagnetic 
Exchanged-Biased Ends', which are hereby incorpo 
rated by reference. 

FIELD OF THE INVENTION 

The invention relates to the field of magnetoresistive 
(“MR”) sensor elements and more particularly to those 
intended to be incorporated into magnetoresistive 
heads. 

BRIEF DESCRIPTION OF THE PRIOR ART 
As the performance of computer systems continues to 

increase, so does the demand for storage capacity and 
data transfer rate of computer peripherals. In Winches 
ter disk drives, one proposal for accomplishing these 
objectives is to provide read heads which read data in 
parallel, i.e., read recorded information on two or more 
tracks simultaneously. Such read heads are known as 
ganged read heads. One example is shown in "Narrow 
Track Magnetoresistive Transducer Assembly', U.S. 
Pat. No. 4,356,523 to Yeh, assigned to Ampex Corpora 
tion. 

This latter reference describes the typical approach 
for ganged MR heads. Each MR head comprises a sepa 
rate element (here a coupled set of vertically oriented 
elements 10,11) mounted in a larger apparatus. See e.g., 
FIGS. 4 and 5. No known ganged MR head employs a 
single element MR stripe. 

SUMMARY OF THE INVENTION 

The invention comprises a single element MR stripe 
divided into a plurality of sense regions by more than 
two electrical contacts. The sense regions are arranged 
such that when the sensor is disposed in a read head 
opposite a recording medium, they will simultaneously 
sense magnetic flux from a plurality of adjacent re 
corded tracks with a minimum of cross talk. The stripe's 
easy axis of magnetization is in the longitudinal direc 
tion, parallel to the recording medium. Contacts are 
applied to the stripe with vertically aligned sides so as to 
apply no canted current biasing. Further, no other 
transverse, hard axis biasing is applied so that the sensor 
operates in a non linear mode. The provision of no 
transverse biasing field reduces cross talk because of the 
inherent magnetic relaxation of single element MR 
stripes. In a second approach, cross talk transmission is 
eliminated by exchange-coupling antiferromagnetic 
material to the stripe in the contact regions. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a plan view of the single element MR stripe 

according to a first embodiment of the present inven 
tion, with partial view of the contacts, a brief schematic 
of the sense circuit, and a cross section of a recording 
surface with a representation of the tracks where data is 
recorded and their guard band separations. 

FIG. 2 is a plan view of a second embodiment of the 
present invention, showing the exchange-coupled anti 
ferromagnetic material coupled to the single-element 
stripe in the region of the contacts, which are shown 
here behind the stripe. 
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FIG. 3 is a cross section along 3-3 of FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 illustrates a preferred embodiment of the sin 
gle element ganged MR head according to the present 
invention. While only two sense regions 12,14 for sens 
ing two data tracks 30,32 are shown, the inventive con 
cept can be extended to any number of sense regions 
and tracks. Further, while the invention is described in 
relation to data tracks having guard bands 36, the inven 
tion is also useful for reading servo tracks (not shown) 
by proper electronic switching. 

For example, if proper servo track information is 
written in track regions 32 and 34, then by subtracting 
signal output V1 from signal output V2, a linear offtrack 
error voltage versus position can be generated. The 
resulting error voltage provides the necessary input for 
track following electronics to minimize track misregis 
tration. 

In the Figure, the single element magnetoresistive 
(“MR') element 10 is conventionally Composed of 
80:20 NiFe alloy. The element 10 has upper 13 and 
lower 11 edges parallel to each other and, when 
mounted in a read head (the other elements of which are 
not shown for the purpose of clarity), are also parallel to 
a flat recording media 30. (In some devices a head will 
fly a short distance above the media, such as in Win 
chester disk drives. In other types, the read head will be 
mechanically fixed in relation to the recording media, 
such as in tape drives.) The easy axis of magnetization of 
the element 10 is directed parallel to these upper and 
lower edges, as indicated by the vectors M shown in the 
Figure. 
The MR element is divided into two sense regions 

12,14 by contacts 20, 22 and 24 connected to the ele 
ment on one side thereof. (In FIG. 2 the contacts are 
connected to the other side of MR element 10.) In those 
portions of the contacts connected to the MR element 
10, the facing sides of the contacts are parallel to each 
other and perpendicular to the lower edge 11 of the MR 
element 10. 
When properly aligned above the recording media 30 

by conventional mechanical or servo means (not 
shown) the longitudinal dimensions of a sense region 
12,14 between facing contacts 20, 22, and 24 is nomi 
nally the width of a track 32, 34 in which data has been 
magnetically prerecorded. Data tracks are convention 
ally separated by guard bands 36. The width of contacts 
20, 22 and 24 is nominally that of the guard bands 36. 

In operation, recording media 30 is in motion relative 
to ganged MR head in the direction shown by vector V. 
Data recorded along the track in the form of magnetic 
flux transitions passes serially under a sense region and 
causes a localized change in resistivity which can be 
electronically sensed and converted into data. 
A current source is connect to a first end conductor 

20 and a current drain is connected to a second end 
conductor 24. So connected, current I flows through 
the MR element 10 in the direction indicated by vectors 
I. Further, a first voltage sensor 16 is connected be 
tween the first end contact 20 and a center contact 22; 
and a second voltage sensor 18 is connected between 
the center contact 22 and the second end contact 24. 
The voltage drop across sense region 12 is sensed by the 
first sensor 16 and the voltage drop across the other 
sense region 14 is sensed by the second voltage sensor 
18. As will be appreciated by those skilled in the art, the 
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voltage drop across the respective regions will change 
according to the magnetic fields in the sense regions 
originating from the recording media 30 (and tracks 32, 
34 when the ganged MR head is properly aligned above 
them). 

Because the facing sides of the contacts 20, 22 and 24 
are parallel, no canted current biasing is present. Fur 
ther, no external biasing fields are provided to cant the 
magnetic vector M. This arrangement results in the 
output of from voltage sensors 16 and 18 being a non 
linear function of the input magnetic fields from record 
ing surface 30. However, as disclosed in the above ref 
erenced application Ser. No. 015,200, in the context of 
data recording where the location of a data magnetic 
transition is important rather than its strength or polar 
ity, a non linear sensor operation is actually preferred. 
Moreover, the provision of no external magnetic bias 
ing fields permits the operation of magnetic relaxation 
of the MR elements. This inherently reduces the trans 
mission of the effects of a localized magnetic perturba 
tion through the MR element. As a result cross talk 
from adjacent tracks is reduced. This permits tracks to 
be recorded far more closely together than would oth 
erwise be expected. In the embodiment shown in FIG. 
1, sufficient signal to noise ratio exists with conven 
tional low noise thin film media recorded convention 
ally with data yielding a 300 gauss peak magnetic field 
at the medium surface with the MR elements spaced 
(i.e. flying or mechanically fixed) from the recording 
media 30 a distance of 0.05–0.25 um such that the dis 
tance between the facing surfaces of contacts 20, 22 and 
24 can be in the range of 2 to 4 um and the width of the 
contacts 20, 22 and 24 being in the range of 1 to 2 um, 
with the tracks 32, 34 and guard bands being of corre 
sponding dimensions, such that 6000 tracks per inch can 
be read. 

FIG. 2 illustrates a second embodiment of the present 
invention in which cross talk is even further reduced 
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4. 
thereby permitting even greater track density. This 
embodiment is essentially the same as that of FIG. 1, 
with the addition of antiferromagnetic material ex 
change-coupled to the single-element MR stripe 10 in 
the region of contacts 20, 22 and 24, but on the opposite 
side of the stripe 10 therefrom. (Deposition of the anti 
ferromagnetic material on the opposite side of the 
contact is not necessary if the antiferromagnetic mate 
rial is a conductor.) Thus in FIG. 2, antiferromagnetic 
material, which is conventionally 50:50 FeMn, is ex 
change-coupled to the stripe 10 at 40, 42 and 44 to cover 
substantially the same area of the stripe as the corre 
sponding contacts 20, 22 and 24, but on the opposite 
side of the stripe 10, as shown in FIG. 3, a cross section 
along 3-3 of FIG. 2. 

This exchange-coupled material "freezes' the mag 
netic orientation of the MR material to which it is cou 
pled. This effectively prevents a magnetic perturbation 
induced in one sense region 12, 14 from being transmit 
ted through the element to the to other sense region 
14,12. Thus cross talk is reduced to only that caused by 
the direct influence of one track, e.g. 32, on an adjacent 
sense region, e.g., 14. 

I claim: 
1. An unbiased single magnetoresistive element 

ganged read head sensor comprising: 
an elongated magnetoresistive element; 
a plurality of sense current contacts contacting the 

element and defining a plurality of sense regions 
between the contacts, the regions of the element in 
the contact area being maintained with substan 
tially the same coercivity as that of the sense re 
gions; and 

no external magnetic field transverse biasing means 
therby operating the ganged read head sensor in a 
non-linear range. 
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