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1§NAGNETC>RESISTIVE 'SENSCR Thi s invention relates to nagnefié@

sknsors. Magneto-resistive sensors are used in nmagnetic storage sy

det ect” ‘magnetically encoded information. A changing nagnet

nodul ates the:resistivity of the nmagndto-resistive sensor. The re Itrn
change in resistance is detected by passing a sense current through t he

magnet o-resi stive sensor ‘and neasuring the vol tége B,S'liiet’i{ii’minﬁr

This invention relates to magneto-resistive
'sensors.

Magneto-re51st1ve 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. o

Practical magneto-resistive sensors are typlcally
formed u51ng_ferro-magnetic metal alloys, for example,

nickel iron (NiggFejg). 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-
'ire31st1ve sensor and thereby change the resistance of
the sensor.

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 nearfthe'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
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across the magneto-resistive sensor. The resulting voltage signal can be
used to recover information froma nmagnetic storage nedi umsuch as a-
nagnetlc di sk. Practical nagneto-resistive sensors are typically fornmed
using ferro-magnetic metal alloys, for2exanple, nickel iron [err]. The
nickel iron alloy is deposited in a thin filmupon a substrate or wafer.
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the magneti'sation of nagne resi sor y change the
resi st ance ORGE® JMBRABIM. Use of a magneto-resistive head in this way for

readi ng data 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 which uses a
tapped "barber pole" array.

The barber polé array develops a longitudinal
magnetic field to stabilise a central 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 contributlon 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 comprising: an elongated
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recorded in a magnetic nediumis disclosed in EP-AL-O 215 270. As nmany as
four electrical connections to the nmagneto-resi stive 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
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medium and having a first wing region; first and second
terminals applied to opposite ends of the magneto-
resistive element; and 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.

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 reproduceability 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-resisﬁive 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.
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resi stance of the magnet o-resi stive sensor can be nonitored 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 i$ free from Barkhausen noise. This is
achi eved using the "hammer head" design described in US-A-4,535,6 375 (the

preanbl e ofglockiingl drs ixERtt ¥h t&%%%%%%n%}?%ﬁh |§Z?ét&égﬂed "bar ber

" ra The r ber, le arra magnetic field
pol e’ ar é@eaq@gﬁt midals and %Le voltage sense terminals gaich

to stabili

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. 1In 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 léngth 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
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and slider; _
Figure 3 is a perspective view of the slider of
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.2 SF gI e domain region and thereby elimnminate the possibility of signal
ge radation due to Barkhausen noise. This structure provides reproducible,
Stabl e magneto-resistive sensors. Four_el ectrical connections are needed to

operate a magneto-resistive sensor
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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 are 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 carriés 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
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t he "hamrer head" design. Additionally, an integrated inductive

B/ magnet o- resistive read head requires at |east two additional |eads
for wite coil. Therefore, an integrated inductive

wri te/ magneto-resistive read head usi ng the "hamer head" design requires a
n1ntnun1of six electrical connections. A magneto- re5|st|ve head whi ch

it A ni ngALHER 5] o BRMRTRRERTreE§S £ ve HRoeens . HiBarae: FaFEve
reI|ab|Iltyeléhnrxgﬁia¢nnmeem1omsngtwosoz ahﬂcheanesugedffoana contribution
to the grite coil and two of which are used for read back of
'~ magnetically stored information.
Figure 5 shows a magneto-resistive sensor 40
aocording 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
10 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 aioog the length of the magneto-resistive
element 42. The strips 50 to 66 are positioned at an

15 " angle 68 with respect to the length direction of the
magneto-resistive element 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

20 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.

usi
Wi

(V1)

3 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
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= magnet o-resi stive heads. The present invention seeks to provide a
0 t 0-resi stive sensor designed to elininate Barkhausen noise by
sta_|I|S|ng a single domain nagnetlsatzon state in the active region of the
magket o-resi stive el enent and which us

t he magneto-resistive element. According to the present invention there is

g@@ﬁﬁ&ﬂéeﬁastv eofeﬁgrmggggééﬁ#ggliggﬁ gl aBAgbedao.

The current source 88 drives curregg %ﬁ?ghg 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 sigﬁal 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 capaéitors 74, 76 are
manufactured directly upon a wafer which carries the
magneto-resistive sensor 40. The electrical conductors
78 to 84 are also fabricated diréctly upon the wafer.
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tion stored upon a magnetic storage nmedium and having a first w ng
n, first and second termnals applied to opposite ends of the

et o-resi stive el ement; characterisgd by first neans connected to the
magnet o-resi stive elenent for electrically shorting out AC signals
gerterated by the first wing region of the magneto-resistive elenent. A
magnet o- r espyd ibermsiareks 70 of E2 qb&dvidglmiﬁgpﬂ;mgl tdbyadlowl ectrically

ConOuCtl VP Srdi: RS M Al BN OIIENNS 45aSE 4B £d Spaced
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

5 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 thai
spurious signals picked up by the "wing" portions (the
two areas on each side of the active region 48) do not

10 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

15 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

20 the same reference numerals and only the differences
between the embodiments will be described in detail. 1In
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

3 . 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

This Sheet Has

Hﬂlll! mm !Ill Il! lill




10

15

wre

ENe said first nmeans may be a capacitor connected betmeen a first
tive strip and the first ternlnal 3
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gource 88 drives a sense current through the entire
1ength 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
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odi nent t he magnet o-resi stive el enent has a second w ng region,
e regi on being disposed between the first and second w ng regions,
econd neans connected to the magrR@t o-resistive el enent for

el ect @gcally shorting out AC signals genérated by the second wi ng region of

net o-r
conned@ ed bet

esistive el'enent. Said second neans nay be a capacitor
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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.
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Th resent invention provides a magneto-resistive sensor needing only two
rical connections w thout sacrifice of the stability or-

roduci bility in the magnetic domain pattern of the .nagneto-resistive
or. In the present invention, a sedde current is provided to termnals
nds of the nmagneto-resistive sensor. Voltage sen\s}P

: -ect ed to an active region of tEi ggnet Q-resisti mgmmﬂm#? Pltage
sense termnals are | ocated betwe erm nal s.

1. A magneto-resistive sensor comprising: an
elongated magneto-resistive element (42) having an
5 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); and first means (74, 76; 98) connected to
10 the magneto-resistive element (42) for_electriéally
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
15 - 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
capaéitor (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-
fesistive 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.
3. 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

il

- 10

W

.10

l ~?-\?~-- .



AV 1Y

10

15

20

30

al s.

vol tage sense term nals which are positione

Fng or isolation capacitors are provided betgimthe end termnal s

In the present invention, adj@cent track

spaced from the first end (44) of the magneto-resistive
element than the first conductive strip (56).

6. A magneto~resistive sensor fof detecting magnetic
fields on a magnetic recording medium, the magneto-'
resistive sensor comprising: an elongated magneto-
resistive strip having first and second ends; first and
second electrically conductive pads applied to the first
and second opposite ends, respectively; a plurality of
electrically conductive strips applied to the magneto-
resistive strip and spaced between the first and second

ends; a first capacitor connected between the first

conductive strip and the first conductive pad; a second
capacitor connected between a first conductive strip and
the second conductive pad, the second conductive strip
being further spaced from the first end than the first
conductive strip, and electrical terminals connected to
the conductive pad.

7. A magneto-resistive sensor comprising: an
elongated magneto-resistive element having an active
region for sensing information stored upon a magnetic
storage medium and a wing portion; first and second
terminals applied to opposite ends of the elongated
magneto-resistive element; a third terminal applied
between the in the first and second terminals to the
elongated magneto-resistive element; and means
connected to the magneto-resistive element for defining

‘a DC signal path through the winged region of the

magneto-resistive element and the active region and for
defining an AC signal path thtough the active region of
the magneto-resistive element.

8. An apparatus for receiving a magnetically encoded
signal comprising: an elongated magneto-resistive
element having a length and an active region for sensing
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Fof the extended magneto-resistive sensor will
At noi se signal to the on track si gnal mhich nwu t he
uration usel ess. The isolation capaC| tors all ,ﬂlm maﬂl
lied throughout the entire barbef3pole array so fhat

it of the barber pole array is not lost. In the present i nventi on,
perfor '

Ofmation stored by a magnetic storage medium and a
wing region adjacent the active region; first and
second terminals applied to opposite ends of the
elongated magneto-resistive elements; means connected to
the first and second terminals for supplying a substan-
tially DC current through the length of the elongated

magneto-resistive element; and means connected to the

first and second terminals for sensing an AC signal
generated in less than the entire length of the magneto-
resistive element.

9. In a magnetic storage system, a magneto-fesistive
head for sensing magnetically encoded information
carried on a surface of a magnetic disk, comprising: an
elongated magneto-resistive element having an active
region for sensing the magnetically encoded information
adapted for passing over the surface of the magnetic
disk; first and second terminals applied to opposite
ends of the elongated magneto-resistive element; means
connected to the first and second terminals for
supplying a substantially DC current through the length
of the elongated magneto-resistive element; and means
connected to the first and second terminals for sensing
an AC signal generated in the active region of the
magneto-resistive element which represents magnetically
encoded information carried on the surface of the
magentic disk which is proximate'the active region of
the magneto-resistive element.
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vided along with a highly stabl e design. Using isolation capacitors
tcordance with the present invention, a DC sense current is applied

t hr fughout the entire | ength of the bﬁQPer pol e array. Furthernore the
capfcitors do not alter the l-ongitudi stability field generated by the
‘bar §er pole array. A data signal for nagnetically stored information,
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The magneto-resistive sensor comprises an
elongated magneto-resistive element (42) having an
active region (48) for sensing information stored upon a
magnetic storage medium (12) and having a wing region,
first and second terminals (70, 72) applied to opposite
ends (44, 46) of the magneto-resistive element (42), and
a capacitor (74) 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).
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s an AC signal which is not

| ocked by the isolation capacitors.
the term nal s of a magneto- resistive sensor-nade-i.n.accordance wth

"he W esent invention, carry:both the DC sepgegeyryent and an AC dataf /
i . A larger valued capacitor provides s e H #don to thé/fC
dat afgsi gnal . The present invention provides 'Eﬂ I a four term nal
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- to-resistive sensor design and uses only two pairs of termnals. The
i NgEntion is illustrated, nerely by way of exanple, in the accorrpany? 7
ings, in which:- Figure 1 is a top plan view of a support arm an FE)
na@neti c storage disk; Figure 2 is a perspective view of a flexure ar
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andeer Figure 3 is a perspective view of the slider of 5 Figure 2;
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' 4 is a perspective view of nmagneto-resistive heads nounted on the
~of Figure 3; Figure 5 shows a first enbodi nent of a

fragnd® o-resi stive sensor according to the present invention; and Figure 6
sho a second enbodi nent of a nmagneto-resistive sensor according to gr
presgnt invention. Figure 1 is a top plan view of a magnetic storage tem
10 ikl udi ng a nmagnetic
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*di sk 12 and an arm 14. The magnetic storage disk 12 includes a .

16 divided into data tracks 18 and data sectors 20. The data tracks

nd radially around the surface 16 and the data sectors 20 extend
froma centre of rotation 30 of the magnetic storage disk 12. Qfe/

arm 1§ i ncl udes a support arm 22 and a flexure arm 24. The flexure ar §

carri@s a slider 26 at its distal end. The slider 26 carries a

magnef§o-resi stive sensor (not shown in Figure 1).

Q

5%
by

r————- -— ewn awp e

I
\-78

o—-o~
b e e o e e e e e e e e o o]

973

|
|
|
t
|
, R
|
|
|
!
|
l

S e o --——.—--

2~}

- This Sheet Has Been Replaced

AR




The arm 14 rotates about an axis of rotation 28 so that the slider 26 noves
fadially across the surface of the disk 12. As the magnetic disk 12 rotates
about the axis 30, the slider "flies" slightly above the surface 16. By
rotating the arm 14 about the aX|s 28, the slider 26 noves between adj acent
tracks 18 above the surface 16. Figure 2lis a perspective view of the
flexure arm 24 and the slider 26. The slider 26 includes rails 32, 34 which
contribute to the aero-dynam c_properties of the slider. The slider 26 al so
carries magneto-resistive headdl¥3¥ SR iR b Ay & Laigiignet o-resi sti ve

_ 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—resiétive
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 (NiggFe,q5). The nickel iron alloy is
depositéd 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.

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 voltdge
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
circﬁitry 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
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heads 36 are connected to electrical conductors 38. Fi/QEPE
perspective views of the 6 slider 26. The magnet o-re
i ncl ude four
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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 which uses a
tapped "barber pole" array.

The barber pole array develops a longitudinal
magnetic field to stabilise a central single domain
region and thereby eliminate the possibility of signal
degradation due to Barkhausen ncocise. 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/magnefo—
resistive read head requires at least two additional
leads for a write coil. Therefore, an integrated
‘inductive Write/magnetOQresistive 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 magnetiéation state in
the active region of the magneto-resistive element and
which uses only two electrical connections to the
magneto-resistive element . _

According to th//present invention there is
provided a magneto-re51sttjf—fgfgrls1ng an elongated
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el ectrical connections, two of which are used for a A. Nﬂﬂqu of
-whi ch are used for read back of nmagnetically stored inftrat+eh- gif'¢ 5

shows a magneto-resistive sensor 40 according to the |prlesent i nventi ¢gn| The
magnet o- resistive sensor 40 conprises a portion of nefl 80CE499%t i ye|head
36 and includes a magneto-resistive 3
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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; and 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 betweén the
first and second ends.

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

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-resisfive
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 reproduceability 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.
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el enent 42. The magneto-resistive sensor 40 is shown r € 2
track 18 of the surface 16. The magneto-resistive ele lmﬁﬂvpdﬁﬁiﬁt
first end 44, a second end 46 and a central active re |cn"18 EquT= I é

al ¢n

potential strips 50, 52, 54, 56, 58, 60, 62, 64, 66 arie po§
the I ength of the magneto-resistive elenegt 42. The strifp Edh?g%%@

positioned at an

aeg

H
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Blocking or isolation capacitors are provided between
the end terminals and the voltage sense terminals which
are positioned between the end terminals. 1In 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 tﬁe 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 magnetlcally 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;

Flgure 2 is a perspective view of a flexure arm
and slider; _

Figure 3 is a perspective view of the slider of

i
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angle 68 with respect to the length direction of the

fmagnet o-resi stiveel enent 42. The nmagneto-resistive seﬁ&wLA&@thHHSHEET'

termnals 70, 72 and capacitors 74, 76. The capacitor] 74 is cqnnected o
the strip 56 through an electrical conductor 78, and t g th@g@fﬂ?épo :
t hrough an el ectrical conductor 80. The Tapacitor 76 |i § connect t the

strip 62 through an electrical

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 arg 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
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conductor 82 and to the strip 66 through an el ectrical Rﬁﬁﬁg@ﬁbﬁﬁﬂhSHEE§§
termnals 70, 72 are connected to the strips 50, 56, regspectTvety—bat g

sense circuitry 86 connects to the termnals 70, 72¥of t he 11
magnet o-resi stive sensor 40. The data sense circuitTy $6 in%PJH%sL§6cu

source 88 and a voltage sensor 90. The c®rrent source 88lis-electii- |

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 alohg 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-resistive. element 42. The magneto-resistive
sensor 40 includes terminals 70, 72 and capacitors 74,
76. The capaéitor 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 elecﬁ;ical
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

as Been Reraced

T



cal |y connected between the terninals 70 and el ectri cal g ﬁH’SHEET
vol tage sensor 90 is electrically connected to the ter .
ground 92. The voltage senspr{90 i s connect

termnal 72 and el ectri cal

nmeasure the voltage difference between the
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terminals 70, 72 of the magneto-resistive serisor 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 voltagé 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.

This Sheet Has Beg,
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-current source 88 drives current through the magnetoiregsistive el engntf 42
fromthe strip 50 towards the strip 66. This current M/II1%gﬁﬂewa9d entt er
each strip 50 to 66 in a direction normal to the edg
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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 enéoded 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 genérated
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. 1In
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 bldcking capacitor 98 can be used. The current
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magnet o-resi stive el enment. The capacitors 74, 76 bIREPLA@ENﬁ%ﬂéﬁﬂEﬂTbn1the
‘current source 88. Thus, DC current enters the magnie reststTve—sepsor 40
through the strip 50 and exits the nagneto-resisti\e sen%%ks ? thr)u;h t he
strip 66. The data track 18 carries nmagnetically erlcdded b on} This
information sets up a magnetic field insthe centra

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 voltaée
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
termlnals.

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. 1In 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 éctive
region of the magneto-resistive element. The blocking
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active region 48 of the nmagneto-resistive sensor 40.
‘magnet o-resi stive sensor 40 noves across the surface
fields through the active region 48 changes. The chang ngiggﬁﬁeﬁég

alters the resistance of the active region 48 of the st
sensor 40, which changes the voltage dropoacross thefja
causes..a changi ng vol t age

~
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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. | ‘
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drop between the strip 56 and the strip 62. The changi ng voltage drops sets
‘up an AC signal between the strips 56, 62. The capacitors 74, 76 | ock the

DC sense curt he current source 88 but allow the AC signal

fromthe striggrbgcﬁggﬁﬁgS] t The vol tage sensor 90 connected between the

termnals 70} }2 detects the} AL signal bgiween the strips 56 |€ii““|m“mdata
Ll
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CLAIMS

1. A magneté-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 secbnd terminals (70, 72) applied
to opposite ends (44, 46) of the magneto-resistive
element (42); and first means (74, 76; 98) connected to
the magneto-resistive element (42) for electriéally
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



signal is representative of magnetically encoded infor PN 3§EB$
the data track 1 t he surface-16 In the preferred e

f
pr esent inventiov\gil , the capacitors 74,7 aT@UmnTg
directly upon a " ”M kies t he magneto resistijel sensor

el ectri cal conductors

(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).

6. A magneto-resistive sensor foridetecting magnetic
fields on a magnetic recording medium, the magneto-
resistive sensor comprising: an elongated magneto-
resistive strip having first and second ends; first and
second electrically conductive pads applied to the first
and second opposite ends, respectively; a plurality of
electrically conductive strips applied to the magheto—
resistive strip and spaced between the first and second
ends; a first capacitor connected between the first
conductive strip and the first conductive pad; a second
capacitor connected between a first conductive strip and
the second conductive pad, the second conductive strip
being further spaced from the first end than the first
conductive strip, and electrical terminals connected to
the conductive ‘pad. '

7. A magneto-resistive sensor comprising: an
elongated magneto-resistive element having an active
region for'sensing information stored upon a magnetic
storage_medium and a wing portion; first and second
terminals applied to opposite ends of the elongated
magneto-resistive element; a third terminal applied
between the in the first and second terminals to the
elongated magneto-resistive element; and means
connected to the magneto-resistive element for defining
a DC signal path through the winged region of thé
magneto-resistive element and the active region and for
defining an AC signal path through the active region of
the magneto-resistive element.

8. An apparatus for receiving a magnetically encoded
signal comprising: an elongated magneto-resistive
element having a length and an active region for sensing
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78 to 84 are al-so-fabricated directly upon the wafer. |REB[A MB _'HEEZ
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information stored by a magnetic storage medium and a
wing region adjacent the active region; first and
second terminals applied to opposite ends of the
elongated magneto-resistive elements; means connected to
the first and second terminals for supplying a substan-
tially DC current through the length of the elongated
magneto-resistive element; and means connected to the
first and second terminals for sensing an AC signal
generated in less than the entire length of the magneto-
resistive element.

9. In a magnetic storage system, a magneto-fesistive
head for sensing magnetically encoded information
carried on a surface of a magnetic disk, comprising: an
elongated magneto-resistive element having an active
region for sensing the magnetically encoded information
adapted for passing over the surface of the magnetic
disk; first and second terminals applied to opposite
ends of the elongated magneto-resistive element; means
connected to the first and second terminals for
supplying a substantially DC current through the length
of the elongated magneto-resistive element; and means
connected to the first and second terminals for sensing
an AC signal generated in the active fegion of the
magneto-resistive element which represents magnetically
encoded information carried on the surface of the
magentic disk which is proximate the active region of
the magneto-resistive element.
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sense current fromthe current source 88 is allowed to pags
-entire "barber pole" of the nmagneto- resistive sensor 4 a
benefits provided by the "hamer head" design to elim ngt¢
noi se. The capacitors 74, 76 reduce the active region i
encoded data is sensed, so that spuriousiai gnals pickedjup
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The magneto-resistive sensor comprises an
elongated magneto-resistive element (42) having an
acfive region (48) for sensing information stored upon a
magnetic storage medium (12) and having a wing'region,
first and second terminals (70, 72) applied to opposite
ends (44, 46) of the magneto-resistive element (42), and
a capacitor (74) 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).

This Sheet Has B

' nmmmmmm/iﬂ“"‘



two areas on each side of the active region 48) do not contribute to the AC

vol tage signal sensed by the voltage sensor 90. Signals
Wi ng ‘portions of the magneto-resistive sensor 40 cause r
vari ati ons between the strips 50 and 56 or the strips 60
any AC signal generated due to these .resistance variatio
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shorted by the capacitors 74, 76. Figure 6 shows another enbodi nent of a
ragnet o- resistive sensor 94 according to the present invention. Like parts
in Figures 5 and 6 have been designated by the sane refere

only the differences between the enbodi nents will be descr
In Figure 6, an active region 96 of the magneto-resistive
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el ement 42 is positioned over the data track 18 of the surface 16. A

bl ocki ng capacitor 98 is connected bgtmeen the strip 50 GB$ AnegﬁlﬁﬂgsﬂﬁﬁT

The capacitor 98 connects to the strip 50 through a condy
the strip 62 through a conductor 102. The strip 66 conneqtq to the term pa

72 through an electrical conductor 104. 100CT 1996
-3 -
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In the magneto-resistive sensor 94, the active region 96 has been noved
toward the second end 46 of the nagneto-resistive elenent.42. Using this




9 source 88 drives a sense current through the entire length of the
magnet o-resi stive el enent 42, between the strip 50 and t ¥ g“i

capacitor 98 electri- cally shorts any AC signals which g [
strip 50 and the strip 62. However, the capacitor 98 alldwg any AC signad ;
devel oped between the strip 62 and 100CT 1996 |
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the strip 66 to pass to the termnal 70. Thieaf@et, ioR€ SHE{: TS q:@eql

between the termnal 70 and the termnal 72 any. d/eio
bet ween t hem whi ch carry AC signals devel o e _lg‘f%é (S
The capacitor 98 prevents DC current from fjl gyt 84 &p @3%
into the strip 62. The capacitor 98 and el gctrica condt%ggir
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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 measurixig 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.

4 Practical magneto-resistive sensors are typically formed using ferro-magnetic metal
alloys, for example, nickel iron (NiggFep). 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-A1-0 215 270.

As many as four electrical connections to the magneto-resistivq 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

ed
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102, 104 are preferably fabricated directly upon a wafer \\BEMMENEQH

magnet o-resi stive sensor 94. The nagneto-resistive sensor |94 shown in
Figure 6, exhibits the benefit of the barber pole and only feddinPR 1988
termnals. In selecting capacitors, | arzger si zed capacitonfs|provide great

attenuation to the off track AC data

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.




read back signal. The capacitors provide a one pole filger Tt serettH
the size of the capacitors, the frequency of the data _REAEA»MSHFET
considered. Typically 0.1 mcro-Farad capacitors shoul d He sufficient. T:[;e

present invention provides a "hamrer head" design rragnetqrrggiﬁpﬂmgse sér
whi ch uses a barber pole 3

i)

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
genérated 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 connectéd to an active region of the magneto-resistive element. The voltage sense

terminals are located between the end terminals.




el ement' to reduce Barkhausen noi se and which requires et
corninections to operate. Blocking capacitors are used t)Km%héﬁ@Hfﬁﬂbeh
different signal paths, one for the DC sense current whith passes thro gh

the entire length of the barber pole elenent, and one o} ?
signal which originates in the active regjon of the nagnato re5|s I've

el ement. The bl ocki ng _ }

Blocking or isolation capacitors are provided between
the end terminals and the voltage sense terminals which
are positioned between the end terminals. 1In 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 magnétically 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



10" capacitors are fabricated directly upon the wafer ghich ls used to carry
the magneto-resistive sensor. Because only two termn Tk, ﬁMﬂgﬂ' SHEET
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Figure 2;

Figure 4 is a perspective view of magneto-resistive heads mounted on the slider of
Figure 3; | | T

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 §torage 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 a.re'perspective views of the
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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 alohg 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-resistive element 42. The magneto-resistive
sensor 40 includes terminals 70, 72 and capacitors 74,
76. The capaéitor 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




to any’' magneto-resistive head design where it is desirab REPEAQEM&ENK'SHEET
nunber of termnals needed to operate the magneto-resist|ve sensor.
Addi tional ly, although capacitors have been shown, any typg @‘7kpht.@§¢ ng
circuit or device may be used. a s |

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 voltagé 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.
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magnet o-resi stive el enent (42) having an active regign j(48; 96) tor 3ensing
i nformati on stored upon a magnetic storage medi um (12) amﬂ7h§4§@@9a figst
wing region; first and second termnals (70, 72) appliied to oppositelends
(44, 46) of the magneto-resistive el ement8(42);

The terminals 76, 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 genérated
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. 1In
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 bldcking capacitor 98 can be used. The current



characteri sed by flrst means (74, 76; 98) connected to theREPLACENH%ﬂ‘SHEET
magnet o-resi stive elenent (42) for electrically shorting qutf AC signatrs

generated by the first wing region of the nagneto-resistiye ekyyz&*ggég
2. A magneto-resistive sensor as clainmed in claim1, ¢haract

plurality of electrically conductive st ps (50 to 66) appl .
magnet o-resi stive elenent (42) and spaced between the firgt _and second end

(44, 46). 3. A magnet o-resi stive sensor as clainmed in clalmZ,
characteruuﬁPQFF?rﬁﬁ @ﬁéves 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 copductors 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. 1In 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 presént 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 éctive
region of the magneto-resistive element. The blocking



said.first means is a capacitor (74; 98) connected bet
conductive strip (76; 62) and the first terminal (70;

magnet o-resi stive sensor as clainmed in any precedi ng cI
in that the magneto-resistive el enent (42) has a second
active region (48) being di sposed betweeblthe first and
and by second nmeans (76) connected to the nagneto-resistive
shorp@gf out AC signals erated“by—khe+

regi ons,

el ement (42) for electrically:
second wi ng Fapaeiterst Ry
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HAirxectly 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. '
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capacitor (76) torn n the second conductive ptfIp (62) and tjhe
second termnal (72), t he Secohd conductive stri p (62) pe n@-jgﬁgq spaced
fromthe first end (44) of the magneto-resistive el eneng fhan rst

(2}
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conductive strip (56). 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).
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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 elongited 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.



7. . An apparatus for receiving a nagnetically encoded S|gnal conpri sing

a magneto-resi stive sensor according to any of the prec ~a-Fr5-
wherei n means connected to first and second term nal s 01REEgAéEM&%H1SHEET
provi ded for sensing an AC signal generated in | ess thanp he entrre rength
of the magneto-resistive elenent. 8. . A-magnetic stofag ?qug
I ncl uding a magnet o-resi stive sensor accofsgling to any o e p ?%g
cl ai ns.
ABSTRACT
MAGNETO-RESISTIVE SENSOR

The magneto-resistive sensor comprises an
elongated magneto-resistive element (42) having an
active region (48) for sensing information stored upon a
magnetic storage medium (12) and having a wing region,
first and second terminals (70, 72) applied to opposite
ends (44, 46) of the magneto-resistive element (42), and
a capacitor (74) 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).

‘FPigure 5
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