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ACTI VELY “STABI LI ZED MAGNETORES! STI VE HEAD Moo=

M ELD OF THE | NVENTI ON Thi's invention relates to magnet or\ggét
heads. Morg-particularly, the invention relates to stabilizati-on of

magnet or esi stive heads. ) BACKGROUND OF THE | NVENTI ON
Conti nui ng advances in magnetic storage ‘technol ogy provide for constantly

I ncreasi ng data Storage densities. it desirable to reduce the size of
transducers used 'to read or wite to magnet i c nedla so tha data densities

can be increased...VAREMELYSTABUIZERM | oyed to reduce

transducer size. Magnetoresistive heads conprise conductlve thin filns

formed on a substrate usi ng t echni ques si m I ar - to those used in
manuf act uri ng

) FIELD OF THE INVENTION
This invention relates to magnetoresistive heads. More particularly,

the invention relates to stabilization of magnetoresistive heads.

B GROU F THE INVENTION

Contmumg advances in magne‘ac storage technology provide for
constantly increasing data storage densities. It is desirable to reduce the size of
transducers used to read or write to magnetic media so that data densities can
be increased. Magnetoresistive (MR) heads have been employed to reduce
transducer size. Magnetoresistive heads comprise conductive thin films formed
on a substrate using techniques similar to those used in manufacturing
semiconductors.

A problem wii:h all maghetoresistive heads is unstable magnetic
domain states which lead to noise'and error rate problems. When a
magnetoresistive head is beihg used to write to magnetic media, or as the media
moves relative to the head, a magnetoresistive element included in the head is
subjected to external fields that tend to rotate magnetization away from its most
stable orientation into orientations that can |éad to muitiple domain states.

A domain is a group of atoms organized into a bounded region. In
each dbmain, magnetic moments of the atoms in that domain are aligned. Each |
domain is magnetically saturated and behaves like a magnet with its own

- magnetic moment and axis. It is undesirable to have multiple domain states in a
magnetoresistive element of a magnetoresistive head. "

One type of magnetoresistive head is a single stripe magnetoresistive
head, which include a single magnetoresistive element. Single stripe
magnetoresistive heads are typically shielded by soft magnetic and electrically
conductive layers known as top and bottom shields.

One type of magnetoresistive head is a dual-stripe magnetoresistive

head (DSMR). A dual-stripe magnetoresistive head includes two spaced apart |



seni conductors. A problemw th all magnetoresistive heads is
unst abl e magnetic donmmin states which [ead to noise and error rate

probl ems. - When a nmagnetoresistive head is being used to wite to nagnetic
media, or as the nmedia noves relative to the head, a magnetoresistive

el enment included in the head is subj ecteﬁ to external fields that tend to
rotate magnetization away fromits nost “stable orientation into
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magnet or esi stive el enent of a magnetoresistive head. . : One type of
magnet or eYEERINRY FRIEEPNCE: 5 single stripe magnetoresistive head, which

i nclude a single mﬁép{@gi(ﬁtﬁﬁgnabﬁmgﬁve fead)isca softi guifacenddayardSéd) st i ve
heads are typically shiel'ded by soft magnetic and (ilme]ct ri cgl I |I3conduct ive
| ayers kndwadasSotimadjagertsdeyesiieads &laye been employed by, lnterngtiong! Business

dual st ri DuanipRe BRI PEARTERRAY | LEF Lee Two spaced apart oo f
' Another type of magnetoresistive head is a giant magnetoresistive
(GMR) head. GMR heads are similar to SAL heads. GMR heads are described in
detail in U.S. Patent Nos. 5,446,613 to Rottmayer; and 5,442,508 to Smith,
which patents are incorporated hefein by reference.

One application for magnetoresistive heads is in analog audio
applications. See, for example, a paper titled “Thin-Film Read Head for Analog
Audio Application” by W.F. Druyvesteyn, L. Postma, G.H.J. Somers, and J. De
Wilde, Philips Research Laboratories. This paper discloses that a main
advantage of employing magnetoresistive heads is that photolithographic
processing techniques can be used. The paper also describes that, when using
a magnetoresistive head, signal is much higher at low frequencies than with an
inductive head. Further, in automatic azimuth control audio recorders, where
each audio track is read out with two separate heads, magnetoresistive heads
provide the advantages of reduced crosstalk and reduced gap scatter. This
paper also discusses a concept known as “magnetic feedback,” in which a
conductive layer is formed under a NiFe magnetoresistive element,-and an
electric current is passed through the conductor to generate a magnetic field
opposite fo the excitation field. This decreases distortion and Barkhausen noise.

Barkhausen noise is caused by an effect observed in ferromagnetic
materialé whereby magnetization proceeds as a series of finite jumps even
though 'maghetizing flux is increased steadily. This happens because spin
magnetic moments present in the rhatefial can only have certain origntations.
The minute jumps correspond to the spin changing from one allowed orientation

to another. Barkhausen noise is discussed in U.S. Patent No. 5,296,987 to



2 magnetoresistive elements. Dual -stripe magnetoresistive heads are
described in detail in U S Patent Nos. 5,296,987 to Anthony et al.;
5,270,892 to Naberhuis; 5,079,831 to Reid; and 3,860,965 to Voegeli, which
patents are incorporated herein by reference. Anot her type of
magnet oresi stive head is a soft adjacent |ayer (SAL) head. Soft adjacent

| ayer heads have been enpl oyed by Internadi onal Business Machines (1BM of
Armonk, NY. Anot her type of magnetoresistive head is a giant

nmagnet or esi ghinoRy(dedl) head. GWR heads are simlar to SAL heads. GWR heads
are described in detail in US. Patent Nos. 5,446,613 to Rottmyer; and
5,442,508 to Snit hConstistipntdetails of magnetarpsiptive heads ef%kwNPégéhéﬁae.
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recorders, 1\:/g1 Ekﬁstner et al; and 5,142,425 to Gailbreath, Jr. et al., all of which are

incorporated herein by reference. U.S. Patent No. 5,309,304 discloses a variety

of conductor arrangements that could be employéd in various aiternative

embodiments of the instant invention. -

Another application for magnetoresistive heads is in computer memory
systems, such as disk drive memory systems of various sizes or formats, or
magnetic tape memory systems of various sizes or formats. For example, it is
known to employ magnetoresistive heads in computer hard disk drive systems.
Convéntional computer hard disk drives have a pivoting support arm that
movably carries one or more actuator arms relative to one or more
corresponding rotatable magnetic disks. Typically, both the top and bottom
surfaces of each hard drive are configured to store tracks of information in the

~ form of magnetic media provided on a surface of the hard disk. Thergfore, each
surface pfovides a unique data storage device. A support arm is pivoted into
position by a rotary ._servo' motor. Each actuator arm extends across the disk to
position a magnetic head radially over concentric data tracks in the disk
‘pursuant to' position commands received from a drive controller.
The problem of unstable magnetic domain states also exists when

magnetoresistive heads are employed in disk drive systems.

_ SUMMARY OF THE INVENTION
The invention provides a computer comprising a data storage device
for use with a magnetic storage media, and a magnetoresistive transducer,

including at least one magnetoresistive element, selectively reading digital data
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each-audio track is read out with two separate heads, magnetoresistive
treads provide the advantages of reduced crosstalk and reduced gap scatter.
Thi's paper also discusses a concept known as "magnetic feedback,” in which
a conductive layer is forned under a Ni Fe magnetoresistive el enent, and an
electric current is passed through the conductor to generate a magnetic
field opposite to the excitation field. Thi s decreases distortion and

Bar khausen noi se. ] Bar khausen noi se is caused. by an effect :
observed i rfrorr thenmgguoetic storage megia, Q\Fﬂéﬁtquﬂd#ﬁwe‘EQWF?%%F%eeds as a
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only have cge#nt, @seeohdicbadsctor tbanettedito themagretorasigtivedelemenhendpi n
changing fromone allowed arientation to anot h?r. Bar khausen noi se is

di scussed i Wanspprtipgicaktentdrom the gnagnetergsistive element; a con 761 condugtor

iﬁ ?ﬁf)in;u'[e? é{ﬁﬁ&l fo tHe rhdBfietbiesistive element, and a magnetic feedback stabilization 3

circuit holding the magnetoresistive transducer in a stable magnetic
configuration during reading from the magnetic storage media.

According to one aspect of the invention, a magnetoresistive head
comprises a magnetoresistive element, a first conductor connected to the
magnetoresistive element and supplying current to the magnetoresistive
element, a second conductor connected to the magnetoresistive element and
transporting current from the magnetoresistive element, first and second spaced
apart shields on either side of the magnetoresistive element, the shields being
formed of conductive material, and a stabilization circuit controllably directing |
current through one of the shields.

According to another aspect of the invention, a dual stripe
magnetoresistive head comprises a first magnetoresiétive element, a first
conductor connected to the magnetoresistive element and supplying current to
the magnetoresistive element, a second conductor connected to the
magnetoresistive element and transporting current from the magnetoresistive
element, a second magnetoresistive element, a firét conductor connected to the
second magnetoresistive element and supplying current to the second
magnetoresistive element, a seéond conductor cohnected to the second
magnetoresistive element and transporting current from the second |
magnetoresistive eleménf, and a stabilization circuit controllably directing current

through each of the shields.

DESCRIPT!ON OF THE DRAWINGS

Preferred embodiments of the invention are described below with

reference to the'followihg accompanying drawings depicting examples -

embodying the best mode for practicing the invention.
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Construction details of magnetoresistive heads-are known in the art, and
W ll not be described in detail herein except as necessary to describe the
i nvention. For exanple, in addition to the references described above,
magnet oresi stive heads are described in detail in U S Patent Nos.
5,444,589 to Hu et al.; 5,422,571 to Gurney et al.; 5,442,507 to Koga et
al.; US. Patent No. 5,436,778 to Lin etbal.; U S. Patent No 5,436,777 to
Soeya et al.; 5,412,518 to Christner et al; and 5,142,425 to Gail breath, -
Jr. et al., all ofFigil sha petspiestive pigwitafch hemputertgmbedying the invendionpat ent
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embodiment of the invention.

Fig. 6 is a circuit drawing, partially in block diagram form, including a
diagrammatical perspective view of a maghetoresistive element, and shield being
used as control conductor, of a dual stripe magnetoresistive head in accordance
with another preferred embodimerit of the invention.

Fig. 7 is a more detailed circuit drawing illustrating an equivalent

circuit for the circuit of Fig. 6.

DETAILED DESCRIPTION OF THE INVENTION

This disclosure of the invention is submitted in furtherance of the
conétitutional purposes of the U.S. Patent Laws "to promote the progress of
science and useful arts.” U.S. Constitution, Article 1, Section 8.

Fig. 1 shows a computer 10 embodying the invention. The corhputer
10 can be either a personal computer, a. mainframe computer, a mini computer,
a netWork server, or any other type of computer. Although the invention is
illustrated as being employed in a computer in Fig. 1, the invention has a wide
variety of applications. Certain aspects of the invention can be used in
connection with any storage media, for storing either analog or digital
information. For example, the invention can be embodied in a magnetic tape

data storage device, in connection with any of a variety of types of disk storage



qunetoresistive heads are enployed in disk drive systens.

2 8 JUN 1999 SUMMARY OF THE | NVENTI ON

The invention provides a conputer conprising: a data storage
device for use with a nmagnetic storage di a, -and a magnetoresistive
transducer, including at |east one magngoresi stive elenent, selectively
reading digital data 5 fromthe magnetic storage nedia; a first
conduct or Ki%8ce¥H to the nmagnetoresistive el ement and supplying current

to  the magnet offgicmpiitePh©RBlUdes a disk drive Hat& etitdge dedicet P2 connect ed’
to the magnetoresistive el enment and transporting current

netore v _ t ] fromthe
magnet or esinshodydng ftherinuention (Fig. 2), as welhes altape daivetdata §terage devics 13¢
magnetoresi stiye el enment. . a magneti c feedback stabilization
circuit hEMAPRYPS RGNNSO esi stive transducer in a stabl e magnetic

configuration durippg ihe@stictowill B8 deseri@d pairiatilys inocaryeectiodi withehe disk
drive data storage device 12, by way of example. The invention is embodied in °
the tape drive data storage device 13, or in applications other than computer
applications, in a substantially similar manner. The disk drive data storage
device 12 is shown in greater detail in Fig. 2. The disk drive system 12 includes
a stacked array 14 of multiple magnetic hard disks 16-19 aligned substantially
along a central axis of rotation 20. The magnetic disks 16-19 have associated,
centrally located hubs (referenced generally by numeral 22) and are separated
from one another by interposed spacers. The disk drive system 12 further
includes a frame 24, and a spindle assembly supported by the frame and
carrying the magnetic disks 16-19 for rotation relative to the frame. The disk
drive system 12 further includes a motor (not shown) coupled to the spindle and
selectively causing the disks 16-19 to rotate about the axis 20. The spindle
assembly includes a top clamp 26 for retaining the disks 16-19. The spindle
assembly is generally of a convenfional design ana therefore is not described
herein in any detail except as necessary to describe the present invention. The
disk drive system 12 includes a support member 28 fixed relative to the
frame 24, and a head/arm assembly 30 pivotably supported by the support
member 28 for movement relative to the stacked array 14. The disk drive
system 12 further includes a motor (not shown) pivotally moving the head/arm
assembly 30 relative to the stacked array 14.

_ The head/arm assembly 30 includes a comb-like array of individual
carrier arms 32 carried by the support member 28 and accurately pivoted
relative to the support member 28 by the motor. Each carrier arm 32 of the
illustrated embodiment is typically of a two-part construction including a first
portion 34 defining a proximal end, and a suspension member 36 that is

swaged, spot welded, or otherwise fasténed to the first pdrtion 34 to define a



a shield | ayer shielding the magnetoresistive elenent, and wherein the

cont r ol conductor defines a second shield | ayer shlelding t he

nmagnet oresi stive el enent. 15 I n anot her aspect, there is provided a
conput er conpri sing: a data storage device for use with a
magneti c storage nedia, and a magnetoresistive transducer, including at
| east one magnetoresistive elenent, sel ttlvely reading digital data

fromthe magneti ¢ storage nedi a; a first conductor connected to
t he rragnet‘BF'@éIeEE’t ve el enent and supplying current to 20 the

magnet or esi stive ah@did/arm assembly 3@ ifQG@KImagREtTEaEtvORBAES 88 4rid t he
magnet oresi stive elenent and transporting current fromthe

magnet or es4@1suppoabdrhynthe suspension membep 36ratl thedliskat end. HMI;sydrwg t he
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best node for practicjng the inveption.
separately in alterhative emrb iments.
in the illustrated embodiment, one head 38 is employed for reading to
a magnetic disk, and a separate head 40 is used for writing to the magnetic
disk. However, in alternative embodiments, a combined head is used for both
reading and writing.
Only one support arm 32 and head 38 is completely shown in Fig. 1.
Other heads 38 are supported by similar support arms 32 aligned directly
beneath the upper arm 32 shown in Fig. 1. Thé support arms 32 are movable
relative to the storage disks 16-19 such that positioning of one head 38 likewise
positions each respective read/write head 38 and support arm 32. In one
embodiment, two heads 38 are supported by each arm 32, one for each side of
a disk 16-19. Other details of construction of one disk drive system that could
be employed for the disk drive system 12 are provided in a U.S. Patent
Application Serial. No. 08/589,674 titled “Apparatus and Method for Thermal
Asperity Detection and Failure Prediction” (attorney docket 10950981-1),
naming Bradley K. Davis and Kenneth Eldredge as inventors, assigned to the
assignee of the present invention, and incorporated herein by reference.
In the illustrated embodiment, thé' head 38 is a magnetoresistive head.
- A magnetoresistive head includes an element that changes in resistance when
acted on by a magnetic field.
A problem that magnetoresistive heads of all types suffer, including
giant (GMR) heads, is unstable magnetic domain states which lead to noise and

error rate problems. As the media moves under the head or when the head is



5 - Fig. 1 is a perspective view of a conputer enbodying the
i'nventi on. Fig. 2 is a perspective view of a conputer disk drive
systemincluded in the conputer of Fig. 1. Fig. 3is acircuit
drawi ng, including a diagrammtical perspective view of a magnetoresistive
el ement and a control conductor of an acgively stabilized nagnetoresistive
_head enployed in the disk drive systemot Fig. 2. Fig. 4is a

di agrammati cal side vi f.th |tk J 2
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partially 1'n lagram form 1ncluding a diagrammatical perspective
vi ew of a ¢orfigeiratiesi stive el ement, and shield being used as control
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device 12. The head 38 includes a magnetoresistive element 44 and a control
conductor 46 parallel to the magnetoresistive element 44, each connected to the
control circuit by a conductor (circuit trace) for supplying current thereto, and
another conductor (circuit trace) for transporting current therefrom.

The field required to actively hold the magnetization in a stable
configuration is provided by the conductor 46. The control circuitry 42 feeds a
stabilizing current through the conductor and controls the value of the current to
maintain the magnetization in its most stable configuration. The control
circuitry 42 provides an error signal which is a copy of the usual read back
signal from the head.

The magnetoresistive element 44 has opposite ends 48 and 50
defining a length L. The magnetoresistive element 44 has a length L, width W,
and thickness T appropriate for the desired application in which the head 38 will
be employed. Any appropriate length, width, and thickness described in the
incorporated patents can be,employed for the magnetoresistive element 44,
Similarly, any appropriate method of manpfacture described in the incorporated
patents can be employed for the head 38. The end 48 is connected to ground.

The control conductor 46 has opposite ends 52 and 54 defining a
Iength. The end 54 is connected to ground. In the illustrated embodiment, the
control conductor 46 has a length, width, and thickness equivalent or similar to
the length, width, and thickness of the magnetoresistive element 44. Width is
defined along the vertical direction in _thé views of Figs. 3 and 5, and thickness
is defined as the direction into the page in the views of Figs. 3 and 5.

_ Preferably, the control conductor is at least as long and as wide as the



DETAI'LED DESCRI PTI ON OF THE | NVENTI ON Thi s disclosure of the
i'nvention is submtted in furtherance of the constitutional purposes of
the U.S. Patent Laws "to pronote the progress of science and useful arts.”
U S. Constitution, Article 1, Section 8. Fig. 1 shows a conputer
10 enbodying the invention. The conputer_ 10 can be either a personal
conputer, a mainfrane conputer, a mni c%nputer, a network server, or any
other type of conputer. Al though the invention is illustrated as being
enpl oyed imagnetongsistive plemeny 44, andheay heclonosn wider.onpefb lopger aad of
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element 44 and the control conductor 46.

“The control circuitry 42 includes circuitry 56 which measures the

resistance or electrical resistivity of the magnetoresistive element 44 to

determine the magnetization state KII of the element 44, and controls current

flow I through the control conductor 46 to attempt to maintain magnetization

of the magnetoresistive element 44 in its most stable configuration. The

éircuitry 56 includes a current source 58 providing a current I, a voltage source

60, an adder 62, and amplifier 64, and a resistor 66 defining a reference

resistance R,;. The circuitry 56 employs the following principle:

-—

T = (Flay + Heomod XM = O if Hyg = Hopury
where T is torque, T—I,i, is magnetic field intensity at the element 44, .I-'I.mm,
is the magnetic field intensity created by the control conductor 46, and.-lol is
magnetic potential. Torque is controlled by the circuitry 56 to be zero by
causing the magnetic field intensity created by the control conductor to be équal
to and in the opposite direction of the magnetic field intensity at the
magnetoresistive element 44. Fig. 4 illustrates magnetic field intensity
maintained in a stable confi‘guration by the control conductor 46.

In many common implementations of magnetoresistive heads, the
magnetoresistive element is shielded by soft magnetic and electrically
conductive Iéyers (top and bottom shields) included in the head. These shields
can also serve as part 6f the active magnetic stabilization 'circuit in the capacity
of the control conductor. '

Fig. 5 illustrates a magnetoresistive head 138 in accordance' with one
alternative preferred embodiment, including shields 170 and 172. In the
embodiment shown in Fig. 5, the shield 170 serves the same function as the

control conductor 46 of the head 38 of the embodiment shown and described in'



devi ces, etc. The conputer 10 includes a disk drive data storage -
device 12 enbodying the invention (Fig. 2), as well as a tape drive data
storage device 13 enbodying the invention. The invention will be
described primarily in connection with the disk drive data storage device
12, by way of exanple. The invention is1%pbodied in the tape drive data
storage device 13, or in applications other than conputer applications, in

a substanti al l in | . . Ih ' dri ' o
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except as necessary to describe the present invention. The disk drive
system 12 Fﬂ'&"l‘%ﬁfﬁgxﬁ ggﬁﬂ'ﬁ%rt member 28 fixed relative to the frame 24, and
a head/ arm assenbl yheen@i /@ abthe shigldo1 70 Gs bunhéuted tpgroundieirbtine 28 f or
novenent relative to the stacked arra§ol4. The dj sk drjve sgstem 12 further

i ncl udes alllustreted ambodimenty the sbield 1yOrkas A lenath andwidih greater than the

length and width of the magnetoresistive element 144. The distance between

the shields and the element 144 is determined by desired readback
characteristics for the head, such as how wide the desired readback pulses are
to be. The shields 170 and 172 have lengths, widths, and thicknesses as
described in the incorporated patehts mentioned above. The shields 170 and
172 are formed of conductive materials such as the conductive materials
described used for shields described in the incorpo'rated patents. For example,
NiFe, or alloys including any of Fe, Co, and Ni can be employed. The shields
170 and 172 are preferably wider than the magnetoresistive element 144. The
shields 170 and 172 are preferably thin films. More particularly, the head 138
is preferably formed by a thjn film manufacturing process including steps for
forming the magnetoresistive element 144 together with the shields 170 and
172. |

The head 138 is connected to circuitry 156 which measures the
electrical resistivity of the magnetoresistive element 144 to determine the
magnetization state of the element 144, and controls current flow through the
shield 170 to attempt to maintain magnetization of the magnetoresistive element
44 in its most stable configuration. The circuitry 156 operates in a manner
substantially similar to the manner of operation of the circuitry 56, and includes

a current source 158 providing a current I, a voltage source 160, an adder 162,



assenbly 30 relative to the stacked array 14. ' The head/ arm
dssenmbly 30 includes a conb-like array of individual carrier arns 32
carried by the support nenber 28 and accurately pivoted relative to the
support nmenber 28 by the notor. Each carrier arm32 of the illustrated
enbodi ment is typically of a two-part cpnstruction including a first
portion 34 defining a proximal end, and suspensi on nenber 36 that is

swaged, spot ded, i i . i
def igne q an ammﬁéfie?q 64?ran%tah %s\ﬁnst%? 1f6%S tt:lee il%l('j\g taorewr%nzzé rrésflst%g\%' |’°2't ;4 te(r)I d

The head/ ar m asseffy ¥mbddirieht/SiEswHEA .08 RSaddnitegdrrdsverdhand 40
supported by the suspension nenber 36 at the distal end. The disk_drive

data st or agbodimeneshownrinlFigied because there ixne aged ity ivBadues e adslitonal head

2 e CPoudiet 5 UBBlind 85 5t B el mitodfind ey <o

connect ed peffolM€ dual roles. Because there is no need to introduce an additional
conductor, higher recording densities can be achieved.

In one embodiment, shown in Fig. 6, the head is a dual stripe

‘magnetoresistive {DSMR) head having a pair of current-carrying Hall plates. The
plates, or stripes change in resistance when acted upon by a magnetic field
impafted by regions forming a data track on a disk. - Each stripe therefore forms
a read head element that senses data on a track being read. The stripes are
each formed from a resistor, with the resistor of each stripe being differentially
biased by the magnetic field from the current in the other stripe. Depending on
the stripe co_nfiguration, the magnetic field increases or decreases stripe
resistance. For a dual stripe head element, one element increases while the
other decreases in resistance, in response to an applied magnetic field.

Fig. 6 illustrates a magnetoresistive head 238 in accordance with
another alternative preferred embodiment, including dual magnetoresistive
elements or stripes 278 and 280f In the embodiment shown in Fig. 6, the stripe
278 has opposite ends 282 and 284 defining a length. The stripe. 280 has
opposite ends 286 and 288 defining a length parallel to the length of the
magnetoresistive element 144. Any appropriate length, width, and thickness
described in the incorporated patents can be employed for the magnetoresistive
elements 278 or 280. Similarly, any appropfiate method of manufacture
described in the incorporated patents can be employed for the magnetoresistive
elements 278 or 280. The ends 284 énd 288 are connected 1o ground. The
magnetoresistive elements 278 and 280 are formed of conductive materials
such as the conductive materials described used for magnetoresistive elements
described in the incorporated patents. The head 238 is preferably formed by a
thin film manufacturing process including steps for forming the magnetoresistive

element 278 together with the magnetoresistive element 280.



head*40 for witing to the upper surface of the disk 16. The heads 38 and
40 are housed in a comon housing in the illustrated enbodi nent, but are
housed separately in alternative embodi nents. In the illustrated
enbodi ment, one head 38 is enployed for reading to a magnetic di sk, and a
separate head 40 is used for witing to the magneti c di sk. However, in
alternative enbodi nents, a conbi ned head2 I's used for both readlng and

writing. Only one support arm 32 and head 38 is c etely shown
in Fig. 1. Oher Wésm@nmee@ﬁgwam&a%? '%Pﬁ?’?'a‘ia%ﬂﬁ)&?’?r% 32 gl i gned

directly %‘?ﬁﬁ%&.eﬁ'@%hﬁw n ﬁ Eg%ér% SSE né’edhfg‘ﬁ\tﬁdﬂﬁérah addifiosal are

novabl e r such that positioning of one
head 38 | idepidugtorinto th@ﬂa:omgb gapsplasteadethemﬂgnatomsmm ebnent$ support

arm 32. I n one enbodi nent ads, 38 are 32

for each degtorsy dyalgolgs. 183‘1@3‘* RE& IsQ 5?? cﬁl’é‘i"r?ﬂ?ﬁ@ﬁ'%g{ g1ne di SEG
drive systgy d‘-.%&ir %e@ rQSor%iﬁB QURidLLan be éi!ﬂhﬁéﬂredfl ve system 12 are
prow ded in a tent I cation Serial. No. 08/589,674 titled

" Appar at us and Nemnmmlﬁwﬂgﬂmusas cugnent ite jlomettlar@unbrﬁaﬁhcp Hhe sifies 278

Predictio or ﬁ@%h and
Kennet h Elﬂﬂ‘fegéé asrfLy' 3’58%81’11%‘ to h%e&ggggl gg}ggt)égF cto e plirggsent
i nventi on,c\gpsht! M&@M &ﬂwh@téﬂ fo the end 282nefthe stripe 278, a Voltade
illustrated enbodi nent, the head 38 is a na et or i st

nmagnet or emmtrm@dmaentrﬁgmeeg%rmﬂ@m o %# '%{W §t§§g 'ﬁaéﬁ@é‘%en
ﬁg;gg 8? K qﬂ{ﬁ%&gﬁlﬁfg 'Z@djacwst d'm%the amoﬁn? E)f" Qhﬁ@hﬁ Fl%beﬂ?gélghésﬁ?gﬁéé kove
magnet i ¢ dgepstripes 278 and 280 tloaadlmamrmasmetzamr on in a stable configuration.
More particularly, in the embodiment shown in Fig. 6, the
magnetoresistive elements 278 and 280 each provide bias fields for the other
due to the flow of the sense current supplied by the current sources 292
and 294. | |
in the embodiment shown in Fig. 6, the sense current for each stripe
278 and 280 is controlled independently and adjusted by the control electronics
296 so as to maintain the magnetization of the stripes in a stable configuration.
H,, is the bias field in the stripe 278 due to the sense current lg, in the stripe
280, and H,, is the bias field in the stripe 278 due to the sense current lg; in the
stripe 280, and vice versa.
- The control electronics 296 determines the electrical resistivity of
each stripe 278 and 280, and uses that information to infer the magnetization

state of each stripe using the following relationship:
Pr = P, + Ap cos? (8, - Bygy) Bs: = 0

where p; is the total resistivity of stripe 278, p, is the average resistivity,
Ap is the maximum change in resistivity, and 6,,, characterizes the orientation of
the magnetization. Thus, control of the dual stripes is performed based on

electrical resistivity of each stripe.'



error rate problems. As the media noves under the head or when the head is
8 being used in wite node, a nagnetoresistive elenent included in the
head is subject to external fields that tend to rotate the nagnetization
away fromits nost stable orientation-into orientations that can lead to
mul tiple domain states. In accordance w t(,# t he invention, the magnetization
is actively held in a stable conflgurat il The magnetoresi stive
read head 38 is shovvn in ®reater det ai SO |I at es

control circuitryF® 1 sepwsan ?W'Yﬂ'@“&ﬁ’gﬁu'ar"ifgge &HFH“& ?ﬁ’%aﬁ'%év? The
head 38 i ngk YEWrANFAGNS! 'Eﬂe?éiréﬁltr‘{lezgd) mﬁﬁeé‘ﬂwMta@eCﬁHtFﬂieth or 46

parallel to the magne oresistive el ement 44, each connected to the control
circuit byswrcwd&étand eody mfetenqeaeeiﬁtﬁrerZ%&lppd)aQﬁb agdersedP2tang 304, and

e o Py Sl g 4G Sl BRIk 0 e e
an output.

The embodiment of Figs. 6 and 7 avoids the introduction of an
additional conductor into the recording gap. High recording densities can
therefore be obtained. |

Thus, arrangements for active stabilization for magnetoresistive heads
have been provided. Active stabilization will reduce noise and improve linearity
of magnetic field versus output voltage for the transducer. _

The invention has application with a variety of type of
magnetoresistive heads or transducers, including dual stripe designs, and smgle
stripe designs, and for use with a variety of magnetic media, such as magnetic
disks or magnetic tapes of various formafs or sizes.

In compliance with the statute, the invention has been described in
language more or less specific as to structural and methodical features. It is to
be undefstood, however, that the invention is not limited to the specific features
shown and described, since the means herein disclosed comprise preferred
forms of putting the invention into effect. The invention is, therefore, claimed in
any of its forms or modifications within the proper scope of the appended claims

appropriately interpreted in accordance with the doctrine of equivalents.



configuration is provided by the conductor 46. The control circuitry 42
freeds a stabilizing current through the conductor and controls the val ue of
the current to maintain the nagnetization in its nost stable configuration.
The control circuitry 42 provides an error signal which is a copy of the
usual read back signal fromthe head. 14 The magnet oresistive

el ement 44 has opposite ends 48 and 50 defining a length L. The

magnet oresi stive el enent 44 has a | engigp gV dth W and thickness T
applropr:jati for the desired application in which the head 38 will be

enpl oyed. Any appropriate length, width, and thickness dﬁ

i ncor por at e%z%teni ag beenpl oyed for the magnetoresi's m,,mmmmmj“l
Simlarly, dDFAITEFdPe net hod of manufacture described i tthe®

I ncor por at ed pat ent+, canAbgmqgmbpyﬂ;j dompridigghead 38. The end 48 is

connected to ground. The control conductor 46 has opposite_ ends
52 and 54 defi ni ng sdatastgrage ¢¢wcemh25113l forusenwithaimagngtie sterage Mnedia

illustrated, e t he contr tor d
t hi ckness ehﬁbﬁﬂeﬂg &P) And # fpagng orteﬁ'é rigﬁ'ﬁdﬂge'gﬁ?, dnécair?‘%n c’k'\rol{ke:gidh’I a{]he |
magnet or esi §¢ @48t 8he rméﬁnéléres\@‘t%rhlérﬁenﬂﬁf4)nedlea{|0élg rbAding ligitaladatdiframt i on
in the views of Figs. and 5, and thickness 1is defined as the direction

into the pathee maQMI&BC\ﬂtmedﬂeqﬂﬂgs 3 and 5. Preferably, the control
conductor is at | eastf|rs Scc;n%%t anéiona}\ ¥<\40d to fhe H&Snetoresistive element and

supplying current to the magnetoresistive element;

a second conductor connected to the magnetoresistive element and
transporting current from the magnetoresistive element;

a control conductor (46, 170) parallel t.o the magnetoresistive element
(44); and

a magnetic feedback stabilization circuit {56, 166, 290) holding the
magnetoresistive transducer in a stable magnetic configuration during reading

from the magnetic storage media.:

2. A computer in _accordance with claim 1 and further comprising
a shield layer (172) shielding the magnetoresistive element (144), and wherein
the control conductor (170) defines a second shield layer shielding the

magnetoresistive element (44).

3. A computer in accordance with claim 2 wherein the

magnetoresistive element (44) is located between the shield layers ( 170, 172).

4. A computer in accordance with claim 1 wherein the
stabilization circuit (66, 156, 290) measures the electrical resistivity of the
magnetoresistive element (44, 144), and infers the magnetization state of the
magnetoresistive element (44, 144) from the measured electrical resistivity, and

further comprising shield Iayefs (170, 172) shielding the magnetoresistive

This Sheet Has Been: Re laced
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9 nugnetoresistive elenent 44, and may be |onger, w der, or both | onger
and wi der than the control conductor. The control conductor 46 is
preferably a thin film More particularly, the head 38 i's preferabty fornmed
by a thin filmmanufacturing process including ste th the
nmagnet oresi stive el ement 44 and the contgol conducﬂm“gmmnllnllﬁ”m The
control circuitry 42 includes circuitry § neasut es tme seststance or

mgnet | 2aiomont 4 1¥ak whetl BARRY 9&%?‘"2%% ﬁ% s b il O e 1

‘through t heorfdetérdl conductor 46 to attenpt to nmaintain magnetization of
the magnetoresistive element 44 in its nost stable configuration. The
circuitry 56 includes a current source 58 providing a current I[err] a

vol tage source 60, d n or
defining a referer?de r?gcgfné’g'i%r%[%r W;%eﬁgh&é}ﬂ"ﬁ?%ﬁg&em oys the
fol 'ow ng papRéetovedistive eleh®ritl(44, Wad) @nd the contr@lcondiictor 146)samamhemms

field intensity at the elenent 44, Herr]
formed by a thin film processing technique.

6. A corﬁputer ih accordance with claim 1 wherein the transducer
(38, 138, 238) is a dual stripe transducer of the type having two
magnetoresistive elements (278, 280), and wherein the control element is one

of the stripes.

7. A computer in accordance with claim 6 wherein the
stabil_izatioh circuit (290) adjusts current supplied to each element (278, 280) to

maintain the elements in a stable magnetic configuration.

8. A digital computer in accordance with claim 1 wherein the data

storage device is a disk drive (12).

9. A digital computer in accordance with claim 1 wherein the data

storage device is a magnetic tape storage device (13).

10. A digital computer in accordance with claim 1 wherein the

magnetoresistive head (38) is a giant magnetoresistive-héad.

Thﬁlslliietlilas Been Rei



is the magnetic field intensity created by the control conductor 46, and M
i's magnetic potential. Torque is controlled by the circuitry 56 to be zero
by causing the magnetic fiel'd intensity created by the control conductor to
be equal to and in the opposite direction of the magnetic field intensity
at the magnetoresistive element 44. Fig. 4 illustrates magnetic field
intensity maintained in a stable configgwéati on by the control conductor 46.
I n many conmmon i npl ement ati ons of magnet oresi stive heads, the

magnet oresi stive element is shielded by soft magnetic and electrically
conductive layers (top and bottom shields) included in the head. These
shields can also serve as part of the active magnetic stabilization

circuit in the capacity of the control conductor. Fig. 5
illustrates a nagnetoreﬂ&stive head 138 in accordance with one alternative
preferred enbodi nent, i#€l uding shields nd172. lp-the— enbodi nent
shown in Fig. 5, the shileld 170 servegZ#® sane function he control
conductor 46 of the head\38 of the. di ment shown and qibed in

13




10 control conductor 46 of the head 38 of the enbodi nent shown and
described in connection with Fig. 3. The head 138 includes a
magnet or esi stive el enent 144 havi ng opposite ends 148 and 150 defining a
| ength. The shield 170 has opposite ends 174 and 176 defining a | ength
parallel to the length of the nmagnetoresistive elenment 144. Any appropriate
| ength, width, and thickness described i#/& he incorporated patents can be
enpl oyed for the magnetoresistive elenment 144. Simlarly, any appropriate
met hod of anuiasiume_descleed_Ln_lhe.annrpnfaied.patents.can_be_enpl ed
for the hﬁad 138. The end 148 is connected to ground. - The end0176
of the shileld 170 is connected to ground. In the illustrated enbodi nent,
the shield 170 has a length and width greater than the |length and w dth qf
t he magnetoresistive el enent 144. The distanceobet ween t hejshi el ds and tae
el enent 14h i s determned by desired readback Tharacteristycs for the hedd,
such as how wide the desired readback pul ses aje ta Qe __The Sields 170
172 have lgengths, widths, and thicknesse S RN
patents nmehti oned above. The shi el ds
mat eri al s puch ased he conduct ige
descri bed 4§ n the f™cor porated
i ncl uding any of Re, Co, and N
are preferpbly wi d& /AN
and 172 arF pr eNerapgly
f
I

nd
\§‘?§§§;ﬁ\\aé‘incorporatgd

N DR B conducti v
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o | ‘\\'\ s I
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preferably' forned iy
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form'ng the magnetoresistive el enment 144 together with the shields 170 and
172. The head 138 is connected to circuitry 156 whi ch neasures
the electrical resistivity of the nagnetoresistive element 144 to
determ ne the nmagnetization state of the el enent 144, and controls current
flow through the shield 170 to attenpt %anaintain magneti zati on of the
magnet oresi stive elenment 44 in its nost Stable configuration. The
circuitry 156 operates in a manner substantially siﬁ);y;ixg?he manner of

operation of the circuitry 56, and in S a currenwsource 158 providing
a current If[err], a voltége source 0, "an adder 162 —— __ _an_
anplifier 164, and a resf$tor 166 defining a referen¥€-resistance R[é?]].
The enbodi nent SE@? ' OB ' TTent shoyn in
Fig. 4 because t ' dilional conduct or iTtO
the recordin ap. St edd, ex-stpng cojfponent (alshield)
§P2 A T |
t . o 48 — | +
w . M — A : .
{ N , = ¥ | Rref Vs:g
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) = 66
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perfornms dual roles. Because there is no need to |ntroduce an additi onal
conductor, higher recording densities can be achieved. I n one
enbodi ment, shown in Fig. 6, the head is a dual stripe magnetoresistive
(DSMR) head having a pair of current-carrying Hall plates. The plates, or
stripes change in resistance when acted upon by a magnetic field inparted
by regions formng a data track on a di&%. Each stripe therefore forns a
read head el enent that senses data on a track being read. The stripes are
each fornmed froma resistor, with the resistor of each stripe being
differentially biased by t he magnetic field fromthe currentﬂi t he ot her
stripe. Depending on the stripe configuration, éiﬁe | d i ncreases
or decreases stripe resistance. For a dual stri head elenent one el ement
i ncreases while the other decreases in resistande, in response to an

appl i ed nagnetlgujleld Fig 6 |Ilustrates a magnet or esi stive
head 238 i n accqrdagece—w , ed enbodi nent,

t or esi tlve elenents 0

i ncl udi ng dual n¥ ] and 280. In the
enbodi nrent shown ™} Fig. @, the stripe 27§ has—eppas 7- ends 282 and 284
defining a | ength. The strlpe 280 has oppds{Te—ere=3p _and f§8 defining a
| ength parallel to . ) d F ene% 144. Any

appropriate | ength, : g e~ | ncor por at ed
patents can be enpl #Si stive el effehts}278 or 280.
Simlarly, any apprppr\ d of = bed in the
i ncor por at ed pat ent Y el ¢, N i sti

or 280. The ends |28
el ements 278 and |28
conductive materi|al

h&=fragnet oresi sti ve
such as the
Ive el enents

escr I‘D

144

L
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described in the incorporated patents. The head 238 is preferably forned by .
a thin filmmnufacturing process including steps for fornming the

magnet oresi stive el enent 278 together with the magnetoresistive el enent
280. 12 The
enbodi mrent shown in Fig. 6 is advantageous over the enbodi nent shown in
Fig. 4 because there is no need to int/6duce an additional conductor into
the recording gap. Instead, the nagnetoresistive el enents perform dual

rol es. Because there is no need to introduce an additional conductor,

hi gher recording densities can be achi eved. - CGircuitry 290 causes
current to flow through each of the stripes 278 . and 280. Mre particularly,
the circuitry 290 includes a voltage controlled current s 8292
connected to the end 282 of the stripe 278, a voltage;ﬁﬁé&% ed current
source 294 connected to the end 286 5% the stripe 280,” and contro
el ectronics 296 adjusting the anpunt 1? current respectively supplagg to
282 ——— /
MR iz i I
2 l 22—, S2—*
286 '
' ' ' ——— 288
H .
z1 :
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N~ 250 =
| > CONTROL |
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I I
| 294 . _/ |
' 296 o7
| * I St L o VSI. |
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A2 I I, |
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the stripes 278 and 280 to nmai ntain nmagnetization in a stable
configuration. More particularly, in the enbodi nent shown in Fig.
6, the nmagnetoresistive elenents 278 and 280 each provide bias fields for
the other due to the flow of the sense current supplied by the current
sources 292 and 294. In the enbodi ment shown in Fig. 6, the sense
current for each stripe 278 and 280 is &Rt rol I ed i ndependently and

adj usted by the controgﬁﬁtectroni S 296 so as to maintain the magneti zati on
of the stripes in a st orfi gUS4tion. Herr] is the bias field in the

stripe 278 due to the sense currentAfl[err] in the stripe 280, and Herr] is
the bias field in t  sense current I[err] in the
stripe 280, and vijce versa. The fcontrol el ectronics 296

determ nes the el dqctrical resistivity of edch stripe 278 and 280, and uses
that information tjo ingﬁﬂgthe nagggtizationrstate of each stripe using the
follow ng rel ati ofshi p? _‘\\? ! [err] where [err] is the tota
resistivity of stripe 278, err]fis the average resistivity, [err] is
t he maxi num changq i n resistTvitW ] characterizes tlpggoprientation
of the magneti zatli on. Th{is, cont4ol of thgq dual stripes is pgrfornmed based
on electrical regqistivity of each stripe._l_ :
I e 'L""""’1
| () N YcontroL1 |
I | | I
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13 - Fig. 7 shows an equivalent circuit of the circuitry and
stripes of Fig. 6. As shown in Fig. 7, the circuitry 290 includes the

vol tage controlled current sources 292 and 294, reference resistors 298 and
300, adders 302 and 304, and anplifiers 306 and 308 controlling the current
sources and toget her defining an output. The enbodi nent of Figs.
6 and 7 avoids the introduction of- an additional conductor into the
recordi ng gap. High recording densities can therefore be obtained.

Thus, arrangenents for active stabilizagﬁﬁﬁkédy' magnet or esi stive heads have
been provided. Active stabilization wll noi se and i nprove . linearity
of magnetic field versus output voltage for the transducer. The

i nvention has applicati %t%%]{} &+ 4ah i S1¥ Ml deuRE %ft'ig@ g&oresi stive heads

or transducers, including stripe designs, and S| ngle stripe designs,
and for use with a variety of magnetic nedia, such as magnetic

A computer (10} comprising a data storage device (1 2, 13) for use.
with a magnetic storage media (16, 17, 18, 19), and a magnétoresistive
transducer (38, 138, 238), including at least one magnetoresistive element (44),
selectively reading digital data from the magnetic storage media; a firét
conductor connected to the magnetoresistive element and supplying current to
the magnetoresistive element; a second conductor connected to the _
magnetoresistive element and transporting current from the magnetoresistive
element; a control conductor (46, 170) parallel to the magnetoresistive element
{44); and a magnetic feedback stabilization circuit (§6, 156, 290) holding the
magnetoresistive transducer in a stable magnetic configuration during reading

from the magnetic storage media.

(Figure 5)



di sks or ‘magnetic tapes of various formats or sizes. - In
.conpliiance with the statute, the invention has been described in | anguage
nore or |ess specific as to structural and methodical features. It is to be
untler st ood, however, that the invention is ndfubstitutegheet 1 28 Jupe 1999
features shown and described, since the neans herein disclosed bonprise
preferred forms of putting the invention,into effect. The invention is
therefore, clained in any of its forns nodi fications within the prober

scope of the appended clains appropriately interpreted in accordance with
t he doct rApEheRY eyal-val ents. CLAI II[\)/IS 1. A conput e\rNI

conpri si ng: Constricfih deSlile FARagRetorésistive Heads\atekmowndnahe @rst or age
nmedia, and a _magne?orem stive trangducer, i ncl udi ng at I_eagt oners )
magnet or eshd Wil rsrdescribel incdetaithgrein axcapt 8s giecessanyta describe the

invention. For example, in addition to the references described above,

magnetoresistive heads are described in detail in U.S. Patent Nos. 5,444,589 to
Hu et al.; 5,422,571 to Gurney ét'al.; 5,442,507 to Koga et al.; U.S. Patent No.
5,436,778 to Lin et al.; U.S. Patent No 5,436,777 to Soeya et al.; 5,412,518
to Christner et al; and 5,142,425 to Gailbreath, Jr. et al., all of which are
incorporated herein by referencé. U.S. Patent No. 5,309,304 discloses a variety
of conductor arrangements that could be employéd in various alternative
embodiments of the instant invention. _

Another application for magnetéresistive heads is in computer memory
systems, such as disk drive memory systems of various sizes or formats, or
mag'netié tape memory systems of various sizes or formats. For example, it is
known to employ magnetor_esiétive heads in computer hard disk drive systems.
Conveéntional computer hard disk drives have a pivoting support arm that
movably carries one or more actuator arms relative to one or more
corresponding rotatable magnetic disks.. Typically, both the tdp and bottom
surfaces of each hard drive are configured to store tracks of information in the.
form of magnetic media provided on a surface of the hqrd disk. Therefore, each
surface provides a unique data storage device. A suppéort arm is pivoted into
position by a _rotary servo motor. Each actuator arm exteﬁds across the disk to
position a magnetic head radially over concentric data tracks in the disk
pursuant to position commands received from a drive controller.

" The problem of unstable magnetic domain states also exists when

magnetoresistive heads are employed in disk drive systems.

REPLACEMENT SHEET
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5 fromthe magnetic storage nedi a; a first conductor connected to

.the magnet oresi stive el ement and supplying current to t he

magnet or esi stive el enent; a second conductor connected to the
nmagnet oresi.stive el ement and transporting cur Supstitute;shaet=ral g.1999
magnet oresi stive el enent; 10 a control conductor M@Ehm @‘i’«”_",
magnet or esi stive el enent; ~a nagnetic feedback qort 54

circuit holding the magnetoresistive transducer in a
configuration during reading fromthe nagnetic storag :
a shield layer shielding the mgmeMARY GF THE BIVENTION afd |
contr ol conduct or defines a _second shield | ayer shieldi ;
magnet or esi sti ve efkeniyention provides a compuiepeAnaprising: accor dat ' it
wherei n the magnet LS L e ' t ex&-‘&‘ﬁ ' : ot

| ayers. 3. AQ@%?ﬁ%té{ag%ﬂ?ﬁ&afégg%edgﬁ%ngégﬁﬁﬁz cﬁ?%?% Wﬁ,(';hrn g?ﬁm%%%&mve
st abi | i zat i ontraistiaeer inclading aekastlone magndteresistiveadlemens,i sslectively readling ldigital data
magnet or esi sti ve .tgl enent, and infgrs the magneti zation state of the

magnet or esi St Fo® Bf BREPRUICISIEE A deasured el ectrical resistivity. 20 4.

A conputer in accof fRN&mdiitbltonhédtdd td Mﬁﬁeiﬂéé&%&@l@ﬂl@ﬁ%ﬁ%ﬁ?ﬁlﬁh@ cBfr&irRet
and the control conductor are thin filns fornmed by a thin film
processi ng t ethemagnetoresisti®: elemend; conput er conpri si ng: a data

storage device for_use wt magnet | ¢ .storage. nedi ng .

magnet or esi sti ve asef?‘?n‘?ﬁ%‘?g)f P&ﬁﬁ?%@itﬁfﬁﬂg?ﬁ@v%ﬁeg%ﬁgﬁﬁet{aﬁ%%, F‘%/réem
el enent, sel e&bhvmémgm&hﬂgiv@iemnﬁeﬁt; data 25 fromthe magnetic storage
medi a; a first conductor connected to, the magnetoresistive

el ement and%uppl y# PRPtEOL perlyeto parallel iy he paagRetorrpistTtlemente| enent ;
a second conductor, ‘?19&%’39 bbb sthifzABH Rt Foiding théSmEnBiSRdsti?é Hansducer in a

transporting curren
stable magnetic configuration during reading from the magnetic storage media; and

a shield layer shielding the magnetoresistive element, and wherein the control

conductor defines a second shield layer shielding the magnetoresistive element.
15 - In another aspect, there is provided a computer comprising:

a data storage device for use with a magnetic storage media, and a magnetoresistive
transducer, including at least one magnetoresistivé element, selectively reading digital data
from the magnetic storage media; ' '

. a first conductor connec?ted to the magnetorésistive element and supplying current to
20 the magnetoresistive element; |

a second conductor connected to the r’nagnetofé"éistive elemerit and transporting current
from the magnetoresistive element; '

a control conductor paraliel to the magnetoresistive element;

. amagnetic feedback stabilization circuit holding the magnetoresistive transducer ina

25 stable magnetic configuration during readin"g from the magnetic storage media; and wherein

the transducer is a dual stripe transducer of the type having two magnetoresistive elements,
and wherein the control conductor is .one of the stripes. ' '

DESCRIPTION OF THE DRAWINGS _
Preferred embodiments of the invention are described below with reference to the following
30 accompanying drawings depicting examples embodying the best mode for practicing the invention.



fromthe magnet oresistive el emént' 30 - a control conductor parallel
to the magnet oresi stive el enent; . - a magnetic feedback:

stabilizati OH—&I—F&U—I—[—h@-I—d—I—Hg——t—he rragnetore5| stive transducer _in a
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conductor is one of the stripes.! 5 6. A conputer injaq Ségg{l
claiml or 5 wherein the stabilization circuit adjusts Ccur ngm ed
to-each el emegtAfMsneintain the el ements in a stable magnetic

configuration. 7. A digital conmputer in accordancd with CI aim1l or 5
wherein the dhta A 6PmBEeROMAEBING: | s a di sk drive. A—eh-gt-ed
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IS a magnetic tap evi ce
transducer, including at least one magnetoresistive element, selectively reading digital data

5 from the magnetic storage media;
a first conductor connected to the magnetoresistive element and supplying current to
the magnetoresistive element;
a second conductor connected to the magnetoresistive element and transporting current
from the magnetoresistive element;
10 a control conductor parallel to .the magnetoresistive element;
a magnetic feedback stabilization circuit holding the magnetoresistive transducer in a
stable magnetic configuration during reading from the magnetic storage media; and
a shield layef shielding the magnetoresistive element, and wherein the control
conductor defines a second shield layer shielding the magnetoresistive element. |
15 2. A computer in accordance with claim 1 wherein the magnetoresistive element is
located between the shield layers. |
3. A computer in accordance with claim 1 wherein the stabilization circuit measures the
electrical resistivity of the magnetoresistive element, and infers the magnetization state of the
magnetoresistive element f_rom- the measﬁred electrical resistivity.
20 4. A computer in accofdance with claim 1 wherein the magnetoresistive element and the
control conductor are thin films formed by a thin film processing technique.
5. A computer comprising:
a data storage device for use with a magnetic storage media, and a magnetoresistive .
transducer, including at least one magnetoresistive element, selectively reading digital data
25 from the magnetic si;brage media; _ _
a first conductor connected to the magnetoresistive element and supplying current to
the magnetoresistive element;
| a second conductor connected to the magnetoresistive element and transporting current
from the magnetoresmtlve element;

30 a control conductor parallel to the magnetore51st1ve element;



9. A digital conputer in accordance with claim1 or 5 wherein the
‘maghet oresi stive head Is a giant nmagnetoresistive head.
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a magnetic feedback stabilization circuit holding the magnetoresistive transducer in a
stable magnetic configuration during reading from the magnetic storage media; and wherein
the transducer is a dual stripe transducer of the type having two magnetoresistive elements,
and wherein the control conductor is one of the stripes. '
6. A computer in accordance with claim 1 or 5 wherein the stabilization circuit adjusts
current supplied to each element to maintain the elements in a stable magnetic configuration.
7. A digital computer in accordance with claim 1 or 5 wherein the data storage device
is a disk drive.

8. A digital computer in accordance with claim 1 or 5 wherein the data storage device
is a magnetic tape storage device. . | _
9. A digital computer in accordance with claim 1 or 5 wherein the magnetoresistive head

is a giant magnetoresistive head.
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