
1 MAGNETO-RESISTIVE SENSOR This invention relates to magneto-resistive
sensors. Magneto-resistive sensors are used in magnetic storage systems to
detect magnetically encoded information. A changing magnetic field
modulates the resistivity of the magneto-resistive sensor. The resulting
change in resistance is detected by passing a sense current through the
magneto-resistive sensor and measuring the voltage drop 



across the magneto-resistive sensor. The resulting voltage signal can be
used to recover information from a magnetic storage medium such as a
magnetic disk. Practical magneto-resistive sensors are typically formed
using ferro-magnetic metal alloys, for example, nickel iron [err]. The
nickel iron alloy is deposited in a thin film upon a substrate or wafer.
Changing magnetic fields in a magnetic storage medium produce changes in
the magnetisation of the magneto-resistive sensor and thereby change the
resistance of the sensor. Use of a magneto-resistive head in this way for
reading data 



recorded in a magnetic medium is disclosed in EP-A1-O 215 270. As many as
four electrical connections to the magneto-resistive sensor are needed to
use the head read back stored information. Two connections are used to
supply electrical current through the sensor, and two other connections are
used to detect changes in voltage across an active region of the head due
to the change in resistance associated with the presence of a magnetic
field near the magneto-resistive sensor. Detection circuitry is connected
to the magneto-resistive sensor so that the changing 



resistance of the magneto-resistive sensor can be monitored to produce an
output which is representative of information stored on the magnetic
storage medium. The over-riding goal of all magneto-resistive sensor
designs is to develop a device which is free from Barkhausen noise. This is
achieved using the "hammer head" design described in US-A-4,535,375 (the
preamble of claim 1 is based on this document) which uses a tapped "barber
pole" array. The barber pole array develops a longitudinal magnetic field
to stabilise a central 



2 single domain region and thereby eliminate the possibility of signal
degradation due to Barkhausen noise. This structure provides reproducible,
stable magneto-resistive sensors. Four electrical connections are needed to
operate a magneto-resistive sensor 



using the "hammer head" design. Additionally, an integrated inductive
write/magneto- resistive read head requires at least two additional leads
for a write coil. Therefore, an integrated inductive
write/magneto-resistive read head using the "hammer head" design requires a
minimum of six electrical connections. A magneto-resistive head which
requires fewer connections to the magneto- resistive element, while
maintaining the single domain integrity of the sensor, would improve
reliability, decrease manufacturing costs and be a significant contribution
to the 



art of magneto-resistive heads. The present invention seeks to provide a
magneto-resistive sensor designed to eliminate Barkhausen noise by
stabilising a single domain magnetisation state in the active region of the
magneto-resistive element and which uses only two electrical connections to
the magneto-resistive element. According to the present invention there is
provided a magneto-resistive sensor comprising: an elongated
magneto-resistive element having an active region for sensing 



information stored upon a magnetic storage medium and having a first wing
region; first and second terminals applied to opposite ends of the
magneto-resistive element; characterised by first means connected to the
magneto-resistive element for electrically shorting out AC signals
generated by the first wing region of the magneto-resistive element. A
magneto-resistive sensor preferably includes a plurality of electrically
conductive strips applied to the magneto-resistive element and spaced
between the first and second 



ends. The said first means may be a capacitor connected between a first
conductive strip and the first terminal.    3 



In one embodiment the magneto-resistive element has a second wing region,
the active region being disposed between the first and second wing regions,
and by second means connected to the magneto-resistive element for
electrically shorting out AC signals generated by the second wing region of
the magneto-resistive element. Said second means may be a capacitor
connected between the second conductive strip and the second terminal, the
second conductive strip being further spaced from the first end of the
magneto-resistive element than the first conductive strip. 



The present invention provides a magneto-resistive sensor needing only two
electrical connections without sacrifice of the stability or
reproducibility in the magnetic domain pattern of the magneto-resistive
sensor. In the present invention, a sense current is provided to terminals
on ends of the magneto-resistive sensor. Voltage sense terminals are
connected to an active region of the magneto-resistive element. The voltage
sense terminals are located between the end terminals.  



4 Blocking or isolation capacitors are provided between the end terminals
and the voltage sense terminals which are positioned between the end
terminals. In the present invention, adjacent tracks which underlie wing 



regions of the extended magneto-resistive sensor will not contribute a
coherent noise signal to the on track signal which would render the
configuration useless. The isolation capacitors allow the sense current to
be applied throughout the entire barber pole array so that the stabilising
effect of the barber pole array is not lost. In the present invention, off
track performance 



is provided along with a highly stable design. Using isolation capacitors
in accordance with the present invention, a DC sense current is applied
throughout the entire length of the barber pole array. Furthermore the
capacitors do not alter the longitudinal stability field generated by the
barber pole array. A data signal for magnetically stored information, 



however, is an AC signal which is not locked by the isolation capacitors.
Thus, the terminals of a magneto- resistive sensor made in accordance with
the present invention, carry both the DC sense current and an AC data
signal. A larger valued capacitor provides smaller attenuation to the AC
data signal. The present invention provides the benefits of a four terminal



magneto-resistive sensor design and uses only two pairs of terminals. The
invention is illustrated, merely by way of example, in the accompanying
drawings, in which:- Figure 1 is a top plan view of a support arm and a
magnetic storage disk; Figure 2 is a perspective view of a flexure arm 



and slider; Figure 3 is a perspective view of the slider of    5 Figure 2; 



Figure 4 is a perspective view of magneto-resistive heads mounted on the
slider of Figure 3; Figure 5 shows a first embodiment of a
magneto-resistive sensor according to the present invention; and Figure 6
shows a second embodiment of a magneto-resistive sensor according to the
present invention. Figure 1 is a top plan view of a magnetic storage system
10 including a magnetic 



storage disk 12 and an arm 14. The magnetic storage disk 12 includes a
surface 16 divided into data tracks 18 and data sectors 20. The data tracks
18 extend radially around the surface 16 and the data sectors 20 extend
axially from a centre of rotation 30 of the magnetic storage disk 12. The
arm 14 includes a support arm 22 and a flexure arm 24. The flexure arm 24
carries a slider 26 at its distal end. The slider 26 carries a
magneto-resistive sensor (not shown in Figure 1). 



The arm 14 rotates about an axis of rotation 28 so that the slider 26 moves
radially across the surface of the disk 12. As the magnetic disk 12 rotates
about the axis 30, the slider 26 "flies" slightly above the surface 16. By
rotating the arm 14 about the axis 28, the slider 26 moves between adjacent
tracks 18 above the surface 16. Figure 2 is a perspective view of the
flexure arm 24 and the slider 26. The slider 26 includes rails 32, 34 which
contribute to the aero-dynamic properties of the slider. The slider 26 also
carries magneto-resistive heads 36 (see Figure 3). Magneto-resistive 



heads 36 are connected to electrical conductors 38. Figures 3 and 4 are
perspective views of the    6 slider 26. The magneto-resistive heads 36
include four 



electrical connections, two of which are used for a write coil and two of
which are used for read back of magnetically stored information. Figure 5
shows a magneto-resistive sensor 40 according to the present invention. The
magneto- resistive sensor 40 comprises a portion of magneto- resistive head
36 and includes a magneto-resistive 



element 42. The magneto-resistive sensor 40 is shown relative to a data
track 18 of the surface 16. The magneto-resistive element 42 includes a
first end 44, a second end 46 and a central active region 48. Equi-
potential strips 50, 52, 54, 56, 58, 60, 62, 64, 66 are positioned along
the length of the magneto-resistive element 42. The strips 50 to 66 are
positioned at an 



angle 68 with respect to the length direction of the
magneto-resistiveelement 42. The magneto-resistive sensor 40 includes
terminals 70, 72 and capacitors 74, 76. The capacitor 74 is connected to
the strip 56 through an electrical conductor 78, and to the strip 50
through an electrical conductor 80. The capacitor 76 is connected to the
strip 62 through an electrical 



conductor 82 and to the strip 66 through an electrical conductor 84. The
terminals 70, 72 are connected to the strips 50, 56, respectively. Data
sense circuitry 86 connects to the terminals 70, 72 of the
magneto-resistive sensor 40. The data sense circuitry 86 includes a current
source 88 and a voltage sensor 90. The current source 88 is electri- 



cally connected between the terminals 70 and electrical ground 92. The
voltage sensor 90 is electrically connected to the terminal 70 and the
terminal 72 and electrical ground 92. The voltage sensor 90 is connected to
measure the voltage difference between the   



REPLACEMENT SHEET terminals 70, 72 of the magneto-resistive sensor 40. The
current source 88 drives current through the magneto-resistive element 42
from the strip 50 towards the strip 66. This current will leave and enter
each strip 50 to 66 in a direction normal to the edge of the 



magneto-resistive element. The capacitors 74, 76 block DC current from the
current source 88. Thus, DC current enters the magneto- resistive sensor 40
through the strip 50 and exits the magneto-resistive sensor 40 through the
strip 66. The data track 18 carries magnetically encoded information. This
information sets up a magnetic field in the central 



active region 48 of the magneto-resistive sensor 40. As the
magneto-resistive sensor 40 moves across the surface 16, the magnetic
fields through the active region 48 changes. The changing magnetic field
alters the resistance of the active region 48 of the magneto- resistive
sensor 40, which changes the voltage drop across the active region. This
causes a changing voltage 



drop between the strip 56 and the strip 62. The changing voltage drops sets
up an AC signal between the strips 56, 62. The capacitors 74, 76 lock the
DC sense current provided by the current source 88 but allow the AC signal
from the strips 56, 62 to pass. The voltage sensor 90 connected between the
terminals 70, 72 detects the AC signal between the strips 56, 62. This data



signal is representative of magnetically encoded information recorded upon
the data track 18 of the surface 16. In the preferred embodiment of the
present invention shown in Figure 5, the capacitors 74, 76 are manufactured
directly upon a wafer which carries the magneto-resistive sensor 40. The
electrical conductors 



78 to 84 are also fabricated directly upon the wafer.    8 The terminals
70, 72 provide bonding pads to allow connection to the magneto-resistive
sensor 40. The 



sense current from the current source 88 is allowed to pass through the
entire "barber pole" of the magneto- resistive sensor 40 to achieve maximum
benefits provided by the "hammer head" design to eliminate Barkhausen
noise. The capacitors 74, 76 reduce the active region in which magnetically
encoded data is sensed, so that spurious signals picked up by the "wing"
portions (the 



two areas on each side of the active region 48) do not contribute to the AC
voltage signal sensed by the voltage sensor 90. Signals picked up by the
wing portions of the magneto-resistive sensor 40 cause resistance
variations between the strips 50 and 56 or the strips 60 and 66.  However,
any AC signal generated due to these resistance variations are electrically



shorted by the capacitors 74, 76. Figure 6 shows another embodiment of a
magneto- resistive sensor 94 according to the present invention. Like parts
in Figures 5 and 6 have been designated by the same reference numerals and
only the differences between the embodiments will be described in detail.
In Figure 6, an active region 96 of the magneto-resistive 



element 42 is positioned over the data track 18 of the surface 16. A
blocking capacitor 98 is connected between the strip 50 and the strip 62.
The capacitor 98 connects to the strip 50 through a conductor 100 and to
the strip 62 through a conductor 102. The strip 66 connects to the terminal
72 through an electrical conductor 104. 



In the magneto-resistive sensor 94, the active region 96 has been moved
toward the second end 46 of the magneto-resistive element 42. Using this
configuration, a single blocking capacitor 98 can be used. The current    



9 source 88 drives a sense current through the entire length of the
magneto-resistive element 42, between the strip 50 and the strip 66. The
capacitor 98 electri- cally shorts any AC signals which develop between the
strip 50 and the strip 62. However, the capacitor 98 allows any AC signal
developed between the strip 62 and 



the strip 66 to pass to the terminal 70. The voltage sensor 90, connected
between the terminal 70 and the terminal 72 detects any AC signal developed
between them which carry AC signals developed between the strips 62, 66.
The capacitor 98 prevents DC current from flowing along the conductor 102
into the strip 62. The capacitor 98 and electrical conductors 100, 



102, 104 are preferably fabricated directly upon a wafer which carries the
magneto-resistive sensor 94. The magneto-resistive sensor 94 shown in
Figure 6, exhibits the benefit of the barber pole and only requires two
terminals. In selecting capacitors, larger sized capacitors provide greater
attenuation to the off track AC data 



read back signal. The capacitors provide a one pole filter. In selecting
the size of the capacitors, the frequency of the data signal must be
considered. Typically 0.1 micro-Farad capacitors should be sufficient. The
present invention provides a "hammer head" design magneto-resistive sensor
which uses a barber pole 



element to reduce Barkhausen noise and which requires only two electrical
connections to operate. Blocking capacitors are used to develop two
different signal paths, one for the DC sense current which passes through
the entire length of the barber pole element, and one for the AC data
signal which originates in the active region of the magneto-resistive
element. The blocking 



10 capacitors are fabricated directly upon the wafer which is used to carry
the magneto-resistive sensor. Because only two terminals are used in
magneto-resistive sensors 



according to the present invention, it provides magneto- resistive sensors
which are easier to manufacture and offer improved reliability. Although
the illustrated embodiments of the present invention are "hammer head"
design magneto- resistive sensors which use barber pole magneto- resistive
elements, the present invention is applicable 



to any magneto-resistive head design where it is desirable to reduce the
number of terminals needed to operate the magneto-resistive sensor.
Additionally, although capacitors have been shown, any type of filtering
circuit or device may be used.   



11 CLAIMS 1.     A magneto-resistive sensor comprising: an elongated
magneto-resistive element (42) having an active region (48; 96) for sensing
information stored upon a magnetic storage medium (12) and having a first
wing region; first and second terminals (70, 72) applied to opposite ends
(44, 46) of the magneto-resistive element (42); 



characterised by first means (74, 76; 98) connected to the
magneto-resistive element (42) for electrically shorting out AC signals
generated by the first wing region of the magneto-resistive element (42).
2.     A magneto-resistive sensor as claimed in claim 1, characterised by a
plurality of electrically conductive strips (50 to 66) applied to the
magneto-resistive element (42) and spaced between the first and second ends
(44, 46). 3.     A magneto-resistive sensor as claimed in claim 2,
characterised in that the 



said first means is a capacitor (74; 98) connected between a first
conductive strip (76; 62) and the first terminal (70; 72). 4.     A
magneto-resistive sensor as claimed in any preceding claim, characterised
in that the magneto-resistive element (42) has a second wing region, the
active region (48) being disposed between the first and second wing
regions, and by second means (76) connected to the magneto-resistive
element (42) for electrically shorting out AC signals generated by the
second wing region of the magneto-resistive 



element. 5.     A magneto-resistive sensor as claimed in Claim 4 when
dependent upon claim 3, characterised in that said second means is a
capacitor (76) connected between the second conductive strip (62) and the
second terminal (72), the second conductive strip (62) being further spaced
from the first end (44) of the magneto-resistive element than the first
conductive strip (56).  



12 6.     A magneto-resistive sensor according to claim 1, wherein a third
terminal is applied between the first and second terminals (70, 72) to the
elongated magneto- resistive element (42); and means connected to the
magneto-resistive element defines an AC signal path through the active
region of the magneto-resistive element (42). 



7.     An apparatus for receiving a magnetically encoded signal comprising
a magneto-resistive sensor according to any of the preceding claims,
wherein means connected to first and second terminals of the sensor is
provided for sensing an AC signal generated in less than the entire length
of the magneto-resistive element. 8.     A magnetic storage system
including a magneto-resistive sensor according to any of the preceding
claims.  












