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MAGNETORESISTIVE READ TRANSDUCER -,

The present invention relates generally to thin film magnetic
transducers and, more particularly, to magnetic transducers having a
magnetoresistive read transducer arranged such that a longitudinal bias

" § field is produced in end regions of the transducer.

The use of magnetoresistive (MR) sensors to sense magnetically
recorded data is well-known in the art. It is also well-known that both
longitudinal and transverse bias fields must be provided in the MR
sensing element to eliminate Barkhausen noise and to maintain the sensor

10 in its most linear operating range. Commonly assigned U.S. Patents Nos.
4,024,489; 3,840,898 and 4,103,415 discuss and disclose MR sensors in
which various biasing schemes utilizing both hard or soft magnetic
materials and/or exchange coupling provide the transverse and
longitudinal magnetic bias fields required in the MR element.

i 15 It has become increasingly difficult to fabricate MR read
transducers in the small physical size required to read data recorded on
ever decreasing track widths at ever increasing linear recording density.
One solution proposed to meet these requirements is described in commonly
"assigned U.S. Patent No. 4,663,685 in which a transverse bias field is

20 produced in only a central active region of the MR sensor element and a
ldngitﬁdinal bias field is produced in the inactive end regions.by means
of exchange coupling between the portions of the ferromagnetic MR element
which extends into the end regions and layers of antiferromagnetic

~material which extend only over the end regions of the MR element. U.S.
25 Patent No. 4,639,806.discloses an MR sensor which provides a longitudinal
- bias field produced by ferromagnetic exchange coupling between.the MR
layer and hard magnetic layers in the sensor ‘end regions only. Commonly
assigned U.S. Patent No. #,079,035 disclogs:
ferromagnetic MR element extends over only the central active region of

Py

an MR sensor in which the

30 - the sensor. A layer of hard magnetic material is provided in each of the
sensor end régions which form an abutting junction with the ends of the
MR element to pfovide a:ldngitudinal magnehid bias field in the sensor.
The central active region includes the MR element, a non-magnetic spacer
layer and an adjacent soft magnetic layer which provides a transverse

35 magnetic bias field for the sensor.



Ay

7
sensing elenent to elimnate Barkhausen noise and to nmaintain the sensor 10
inits nost linear operating range. Comonly assigned U S. Patents | Nos
4,024, 489; 3,840,898 and 4, 103, 415 di scuss and di'scl ose MR sensors i

whi ch various biasing schenes utilizing both hard or “ElmeheeﬂHgIBa&ﬂR“e 1aced

mat eri al s and/ or exchange coupling provide the transve

| ongi tudi nal magnetic bias fields required in the MR e !M I t
has become ingpeasigngly difficult to fabrixate MR read i n
the smal| physical size required to read data recorded on ever

decreasing track widths at ever increasing |linear recording density.

One solution prop dgsgfgl ped g;mnnly*
assigned U. S. Pat gﬁ'tg qﬁoge,%lgg&gg&%g%w gg?lﬁ%énzt\’fergsggbl as % F i's
produced in ofioyn dochast Rriesent Fe@rirepAntA B RIPXINR TERENS %‘f"éﬁﬁﬂe and a

| ongi t udi nal dricasdihiyedatia i tragk ddaiddiom by he simgiet photokinbograeghyopsodeys neans

of exchange c:,qupl I&Qt.aqimenaﬁdh?epq@a&aamé e®n Tsh@p bernenRaLst iace VB adgeRnt
whi ch ext ends gto t%ke end regi ons.,an

e [,0magn '
Tt ot ol v SR B HRaT anfRElS 1t M AT HRE g, o
Patent No. 4,%Botadsaldyshd sides readinm sHewayer withe [foptigvrifest abnbHEFt udi nal
bias field prjmduemd i o 1eiiaE OB G Ge tsi EFedX Chram g saliktphtiag distdvaanaget WeichiR

| ayer and harg;IpaReidge | BYETSaLE LAt ARG N thig08 heORlrkor GRETAN! ¥

assigned U. S. Pat | s¢l oses an

1N whi
ferromagneti & "I@F?’bllér?éﬁ?e &eaangd tovEhe demgrh t"’rfeu&eeﬁ't"?céﬂm’ééf?’\?@ g F‘bﬁwgﬁf 30
t he sensoil? dstenpdblegf ahaethtiugheshallnddtar ttalckl‘edp‘rsovmfedthenlmh Sf the
sensor end I eeOsttiWireBichOEdR Bécorl UsdmbaiErbLel et évaR sMallh dolygareads e the -

length of the junction region, can cause the magnetic properties in the
junction region to no longer be predictable or well-defined. As a
result, under transverse field excitation, hysteresis can be introduced
15 into the sensor's response. In addition, the magnetization of a cobalt
(Co) alloy hard ferromagnetic material, when grown on different
substrates such as the trilayer active region of the sensor at the
overlapping junction region, causes a majority of the Co c-axes to be
oriented perpendicular to the film plane. Thus after initialization with
20 a longitudinal magnetic field, such a hard ferromagnetic layer will have
substantially no remnant magnetization, and the magnitude of the
longitudinal bias field thus produced can be insufficient to ensure a
single domain state in the sensor.
It is therefore an object of the present invention to provide an
25 improved MR read transducer in which the magnetic instabilities at the
junction between the MR layer and the magnetic bias layer are reduced.

Accordingly the present invention provides a magnetoresistive read
transducer having end regions'separated by a central active region, the
transducer comprising a magnetoresistive layer of ferromagnetic material

30 extending over substantially only said central active region, and being
characterised by: a second layer of ferromagnetic material extending over
substantially only said end regions of said transducer; and a layer of
antiferromagnetic material overlaying and imr contact with said second
layer of ferromagnetic material, said layers of antiferromagnetic and

35 ferromagnetic material forming an exchange-coupled bias layer extending
over said end regions of said transducer; said exchangchoupled bias
layer in each of said end regions forming an abutting junction with one
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MR el ement to provide a longitudinal nmagnetic bias fierd—n_the sensor.
The central active region includes the MR el enent, Q- magnet i ¢c-spacer
|'ayer and an adj acent soft magnetic |ayer which provi eey’ Bad;;seé&rse 35
magnetic bias field for the sensor. goed

2 The MR sensor design described in patent no. '® I@Wjﬂ been
shown to rreetSA99§3(a_§§ t requirenments and pryovi des nunerous adv es,

i ncl udi ng data rack definition by a single photolithography process
step, controllable and reproducible etch stop of the sensor active region

trilayer etch process, easily adjustable |ongitudinal bi i el,d :
substant i al | ye‘:ﬁo%fﬁ’edf‘%%it‘hé“ M \(gafy?rt ﬁé’gg’gﬁ?‘lgcéﬂ SSP‘;S?%%'{S%’?J{J] ﬂaé&}@gjh%t i on
hard bias ddsiagnfisid flarspiflr nengduegbst anti al di sadvant age which, while at -
| arge data track w dths

Viewed from a second aspect the present invention provides a

magnetoresistive read transducer having end regions separated by a

5 central active region, the transducer comprising: a magnetoresistive
layer of ferromagnetic material extending over substantially only said
central active region; a layer of hard magnetic material extending over
substantially said end regions of said transducer, said layer of hard
magnetic material in each of said end regions. forming an abutting

10 junction with one end of said magnetoresistive element; the transducer
being characterised in that: said abutting junction comprises overlapping
tapered portions of said magnetoresistive element and said layer of hard
magnetic material, the length of said overlapping portions of said
junction being within a range of about 0.0 to 0.1 pm.

15 Further the present invention provides a method for manufacturing a
magnetoresistive read transducer having end regions separated by a
central active region, the method Comprising the steps of: depositing on
a substrate a magnetoresistive layer of ferromagnetic material over at
least the central active region of said transducer; forming a stencil

20 covering said central active region of said transducer; etching away the
portion of said magnetoresistive layer not covered by said stencil to
form a magnetoresistive element extending over said central active region
of said transducer; the method being characterised by the further steps
of: depositing a second layer of ferromagnetic material over regions of

25 said transducer not covered by said stencil; and depositing a layer of
antiferromagnetic material over regions of said transducer not covered by
said stencil, said. layer of antiferromagnetic material overlaying and
being in contact with said second layer of ferromagnetic material, said
layers of antiferromagnetic and ferromagnetic material forming an

30 exchange-coupled bias layer extending over said end regions of said
transducer; said exchange-coupled bias layer in each of said end regions
forming an abutting junction with one end of said magnetoresistive
element, and producing a longitudinal magnetic bias field in said
transducer. '

35 Viewed from another aspect the present invention provides a method
for manufacturing a magnetoresistive read transducer having end regions
separated by a central active .region, the method comprising the steps of:
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central active region of said transducer; performing a second deposition

step to deposit a layer of hard magnetic material over regions of said
transducer not covered by said stencil, said layer of hard magnetic
material extending over said end regions of said transducer, said layer

10 of hard magnetic material in each of said end regions forming an abutting
junction with one end of said magnetoresistive element; the method being
characterised in that said etching and second deposition steps are
adapted to produce said abutting junction with overlapping tapered
portions of said magnetoresistive element and said layer of hard magnetic

15 material, the length of said overlapping portions of said junction being
less than 0.1 ym. '

[ A preferred method of manufacturing the MR read transducer of the
present invention comprises the steps of depositing an MR layer of
ferromagnetic material over at least the central active portion of the

20 transducer, producing a bi-layer resist stencil covering the central
active region of the transducer, and etching away the portions of the MR
layer not covered by the stencil. A magnetic bias layer comprising a
layer of a ferromagnetic material covered with a layer of
antifefromagnetic material is then deposited over regions of th;~

25 transducer not covered by the stencil to form the passive end regions of
the transducer with the magnetic bias layer forming an abutting junction
with one end of the MR layer material such that an exchange-coupled
longitudinal magnetic bias field is produced in the transducer.

The present invention will be described further, by ﬁay of example
30 only, with reference to a preferred embodiment thereof as illustrated in
the accompanying- drawings, in which:

Figure 1 is a simplified block diagram of a magnetic disk storage
system according to an embodiment of the present invention;

Figure 2 is a cross-sectional view of a prior art magnetoresistive
35 read transducer in which longitudinal bias is provided by bias layers

formed in the transducer end regions only;
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3 SUMVARY OF THE | NVENTI ON It is an

obj ect of the present invention to aneliorate one or nore di sadvant ages of

the prior art. " According to one aspect of the present invention
there is provided a nmethod for nmanufacturing a nmagnetoresistive read
transducer having end regions separated by a central active region
conprising tHasF8ePd of : depositing a first |ayer of ferromagnetic

Figure 3 is a concept:uél cross sectional view of an MR read

. transducer according to the principles of the present inventign;

Figures 4a-4d is a diagram illustrating a specific embodiment of a
process for fabricating a contiguous junction MR transducer according to

S the principles of the present invention;

Figure 5 is an exploded diagram illustrating in greater detail the
formation of the contiguous junction according to a preferred embodiment

of the present invention;

Figure 6 is a cross-sectional view of a preferred embodiment of an
10 MR read transducer produced in accordance with the process illustrated in

Figures 4 and 5; and

Figure 7 is a cross-sectional view of a second preferred embodiment
of an MR read transducer'prbduced J'.n: accordance with the process
‘illustrated in Figures 4'and 5.

. i

15 Referring now to Fig. 1, although the invention is described as
embodied in a magnetic disk storage system as shown in Fig. 1, it will be
apparent that the invention is also applicable to other magnetic’
recording systems such as a magnetic tape recording system, for example.
At least one rotatable magnetic disk 12 .is supported on a spindl_e_ 14 and

20 rotated by a disk drive motor 18. The magnetic recording media on each
disk is in the form of an annular pattern of concentric data tracks (not
shown) on disk 12.

At least one-slider 13 is positioned on the disk 12, each slider 13
supporting one or more magnetic read/write transducers 21, typically
25 referred to as read/write heads. As the disks rotate, the sliders 13 are
moved radially in and out over the disk surface 22 so that the heads 21
may access different portions of the disk where desired data is recorded.
Each slider 13 is attached to an actuator arm 19 by means of a suspension
15. The suspension 15 provides a slight spring force which biases the
30 slider 13 against the disk surface 22. Each actuator arm 19 is attached
to an actuator means 27. The actuator means as shown in Fig.l may be a
voice coil motor (VCM), for example. The VCM comprises a coil moveable

within a fixed magnetic field, the direction and velocity of the coil
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material on a substrate; formng a stencil which covers at |east a portion
of said first layer of ferromagnetic material which defines a central
active region of said transducer; etching away portions of said first

| ayer of nmagnetoresistive material not covered by said stencil to forma
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magneti ¢ bi as pkéxng dbis SdufkdrbAIAGEREC €he slight spring force of the suspension 15
and supports thg slider 13 off and slightly above the disk surface by a

small, substantially constant spacing during operation.

The various components of the disk storage system are controlled in

10 operation by control signals generated by control unit 29, such as access
control signals and internal clock signals. Typically, the control unit
29 comprises logic control circuits, storage means and a microprocessor,
for example. The control unit 29 generates control signals to control
various system operations such as drive motor control signals on line 23

15 and head position and seek control signals on line 28. The control
signalé on line 28 provide the desired current profiles to optimally move
and pqsition a selected slider 13 to the desired data track on the
associated disk 12. Read and write signals are communicated to and from
read/write heads 21 by means of recording channel 25.

20 The above description of a typical magnetic disk storage system,
and the accompanying illustration of Fig. 1 are for representatlon'
purposes only. It should be apparent that disk storage systems may
contain a large number of disks-and actuators, and each actuator may
support a number of sliders. -

25 Referring now to Fig. 2, a prior art MR read transducer of the type
described in commonly assigned U.S. Patent No. 4,663,685 comprises an MR
layer 32 which extends over the entire transducer 30‘. A longitudinal
bias layer 43 extends over the transducer end regions 36 only to produce
a longitudinal bias field in the transducer. A layer 38 of soft magnetic

30 material, separated from the MR layer 32 by a thin noﬁ-magnetic spacer
layer 42, produces a transverse magnetic bias field in at least a portion
of a central active region 44 of the transducer 30‘. The read signal is
sensed over the central active region 44 which is-defined in transducer
30’ by the spacing between lead conductors 46 deposited over the

35 longitudinal bias layer 43.
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present invention will be described further, by way of exanple only, with
reference to a preferred enbodi nent thereof as illustrated in the
acconpanyi ng drawi ngs, in which; Figure 1 is a sinplified, block

di agram of a Jypgnetisc di sk storage system according

Referring now to Fig. 3, a conceptual view of a magnetoresistive
(MR) read transducer according to the present invention is shown.™~ The MR
fead transducer 30 comprises a layer of ferromagnetic material forming an
MR element 31 which extends over substantially only & central active
5 region 33 of the transducer and a magnetic bias layer 35 formed in each
end region 37 which forms an abutting junction 39 with the MR element 31
to produce a longitudinal magnetic bias field in the MR read transducer
30. Since the MR element 31 extends only over the central active region
33 of the transducer 30, additional side-reading suppression components
10 are not required in'this preferred embodiment. Thus, the longitudinal
bias layer 35 in each end region 37 need only provide for electrical and
magnetic continuity to the MR element 31. The longitudinal bias layer 35
may be a single layer of magnetically hard material such as cobalt-
chromium (CoCr)}, cobalt-platinum (CoPt) or cobalt-chromium-platinum
15 (CoCrPt), for example, although the use of under- and/or overcoats such
' as tungsten (W) or gold (Au) may be desirable. Alternatively, the
longitudinal bias field can be provided by |,
ferromagnetic/antiferromagnetic exchange coﬁpling wherein the
longitudinal bias layer 35 comprises a:layeg'75 of antiferromagnetic
20 material overlaying and in physical contact with a layer 79 of
ferromagnetic material (as shown in Fig. 7). For example, the
longitudinal bias layer 35 can comprise a bilayer of manganese-
iron/nickel-iron (MnFe/NiFe) or a bilayer of manganese-nickel/nickel-iron
(MnNi/NiFe). As is known in the art, a transverse magnetic bias field is
25 also required in the central active region 33. The transverse ﬂias field
can be provided by an adjacent soft magnetic layer, shunt bias, or other
compatible transverse bias techniques. For simplicity, the transverse
bias structure has not been shown in the conceptual view of Fig. 3.

Referring now also to Figs. 4a-4d, a preferred embodiment of a

30 process for fabricating a suitable abutting or contiguous junction
between the MR element 31 and the longitudinal bias layer 35 is
illustrated. The process according to the preferred embodiment of the
Present invention comprises the steps of depositing, upon a suitable
substrate 40, an MR layer of ferromagnetic material such as NiFe, for

35 example, over the length of the transducer. In the embodiment shown, a
transverse bias structure comprising a soft magnetic layer 43 and a non-
magnetic spacer layer 45 are deposited on substrate 40 prior to
depositing of the MR layer 31. The process then continues by depositing
a layer of a suitable material such as a photoresist, and patterning the



to an enbodi nent of the present invention; Figure 2 is a :
cross-sectional view of a prior art magnetoresistive read transducer in

whi ch longitudinal bias is provided by bias |layers fornmed in the transducer
and regions only; SA9- 93- 018 5
Figure 3 is g congeptual cross sectional jview of an MR read

photoresist material to form a stencil 41 (Fig. 4a). Stencil 41 is used
tb define each edge of the MR layer 31 as the layer of MR material*3l as
well as the spacer layer 45 and the soft magnetic layer 43 are subjected
to a subtractive process such as sputter etching, ion milling or chemical
§ etching to.produce an MR trilayer structure 47 (Fig. 4b). The material
for the longitudinal bias layers 35 is then deposited as stencil 41 again
defines the edges of the bias layers 35 .(Fig. 4c). Using the same
stencil 41, a layer of conductive material is then deposited to produce
the sensor conductor leads 49. If desired, conductor leads 49 can be
10 deposited in a later'step if the conductor leads 49 are not coextensive
with the longitudinal bias layers 35. Note that a quantity of magnetic
material and lead material is also deposited on the top surface of
stencil 41. However, this quality of material is removed, along with
stencil 41 in a lift-off process (Fig. 4d) as is known in the art to
15 produce an MR sensor or transducer having longitudinal bias layers 35 in
the end regions only, each having a contiguous, abutting junction with
the MR trilayer structure 47 which extends over only the central active
region 33. - .
i i
Although a vertical, square butted junction between the MR trilayer
20 47 and the longitudinél bias layer 35 is shown conceptually in Figs. 3
and 4, the preferred embodiments comprise a junction in which the
topography is well-controlled so thﬁt a desired junction configuration

can be easily and reliably produced.

Referring now also to Fig. 5, the formation of the contiguous
25 junction according to an embodiment of the present invention is
illustrated in greater detail. In the embodiment shown in Fig. 5, the
stencil 41 comprises a bi-layer resist formed by a relatively thin
underlayer 54 and a thick imaging layer S53. One exposure and one develop
step defines the edge profile of the resist. An undercut 51 is created
30 by dissolution of the underlayer 54 in a suitable developer with the

undercut distance determined by the develop time.

The unmasked areas of the layver 55 of MR material are then removed
by the use of a unidirectional process such as ion milling, for example.
The angle of incidence*w is controlled by suitably tilting the substrate
35 relative to the incident beam. In addition, circular symmetry is
obtained by rotating the substrate so that any given point sees the

incident beam rotate conically about the azimuth angle € except near the



transducer according to the principles of the present invention

Figures 4a-4d is a diagramillustrating a specific enbodi nent of a

process for fabricating a contiguous junction MR transducer according to 5
the principles of the present invention, Figure 5 is an

expl oded di agrsagagzkéasstrating in greater detail the formati on of the
contiguous junction according to a preferred enbodi nent of the present
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3

shown in the dashed lines.

The longitudinal bias layer 58 is then deposited, by sputter

10 deposition, for example, during a similar orientation and rotation of the
substrate to produce a deposition profile such as that shown by dashed
lines 59. The combined junction profile resulting from the deposition of
bias layer 58 is shown in full line. Still using the same stencil 41,
conductor leads 73 (as shown in Fig. 7) can also be deposited in this

15 sequence of steps. Although the longitudinal bias layer 58 is shown as a
single layer in Fig. 5, it will be recognized that the longitudinal bias
layer may comprise multilayers, sﬁch as a layer of fezjromagnét:ic material
overlaid by a layer of antiferromagnetic material to provide a
longitudinal bias field by ferromagnetic/antiferromagnetic e:'icchange

20 coupling, for example. Similarly, the MR layer 55 may comprise multiple
layers, such as the MR trilayer 47 forming a transverse bias structure,
for example.

The junction profile 62 comprises two overlapping tapers. --Th'e

taper profile is determined by the height of the stencil 41 and the

25 selected angle of incidence ®. For electrical reliability, the length
of the junction overlap €& should be relatively long; however, for
magnetic reliability the length of the junction overlap € should be
relati\_rely short. Thus, the selected length of the junction overlap is a
trade off in which typically the magnetic reliability is more heavily

30 weighted than the electrical reliability. To produce relatively short
overlap lenéths, overmilling at low angles of incidence ® prior to

deposition of the bias layer 58 may be required.

Referring now also to Fig. 6, a cross-sectional view of a preferred
embodiment of an MR read transducer fabricated by the above-described

35 method is shown, the surface of which is in close proximity to a magnetic
recording medium from which previously recorded magnetic data is to be
read. The transducer 60 comprises an MR element 63 which extends over
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s apparent that the invention is also applicable to other magnetic _
recordi ng systens such as a magnetic tape recordi ng system for exanple.
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fiel d, the di €§1€£i‘lﬁln(ﬁﬁ¢ fb@léﬁhﬁﬁé,oéndtQQaf&i L)f soft magnetic material, such
as NiFeRh, for example. The soft magnetic layer is separated from the MR

10 layer by the spacer layer and provides the transverse bias field for the
MR element 63. The hard magnetic bias layers 67 comprise a single layer
of a hard magnetic material, such as CoCrPt, for example. Since in the
junction region 69 where the hard magnetic material overlaps and is grown
on soft ferromagnetic and nonmagnetic materials, regions of varying

15 coercivity and magnetic instability exist, for magnetic reliability, it
is necessary that the length of tﬁe overlap € be relatively short. In a
specific embodiment, the stencil 41 height was about 1 pm and the angle
of incidence ® was about 10 degrees with an overmill of S percent. This
selected combination preduced a junction }ength ¢ of less than 0.1 um.

20 For this particular embodiment, junction lengths within the range of 0 <
€ < 0.1 pm are suitable for use with transducers utilizing hard magnetic
bias layers to produce the longitudinal bias field. To ensure good
electrical reliability between the MR element 63 and the bias layer 67,
the undercut 51 of stencil 41 (as shown in Fig. 5) can be adjusted to

25 provide some overlap 64 of the conductor leads 68 with the MR eiément 63.

Referring now alsoc to Fig. 7. a crossg-gectional view of a second
embodiment of an MR read transducer 70 fabricated by the method described
with reference to Fig. 5 is shown. The MR transducer 70 comprises a
multilayer MR element which extends over the central active region 77 of

30 the transducer, and a bilayer exchange coupled bias layer 75/79 deposited
in each end region 71 which form abutting junctions 87 with the MR
element. The bias layers 75/79 extend over the end regions 71 of the
transducer to produce a longitudinal magnetic bias field in the MR
element. The bias layers comprise a layer 75 of antiferromagnetic

35 material, such as MnFe or MnNi, for example, overlaying and in contact
with a layer 79 of a ferromagnetic material, such as NiFe, for example.
In this preferred embodiment, the MR element comprises a trilayer
structure including a layer 81 of ferromagnetic material, such as NiFe,
for example, a spacer layer 83 of a nonmagnetic material, such as



1SA9- 93- 018 6 novenents being controlled by
the notor current signals supplied by a controller.

operation of the disk storage system the rotation of the
generates an air.bearing between the slider

Duri ng

di sk 12
13 and the disk 5 surface 22

whi ch exertssaoapiddrd force or lift on t#e slider. The air bearing.
t hus count erbal ances the slight spring force of the.suspension 15
supports the slider 13 off and slightly above the disk surface by

smal |,

subst aattalii (TEONEARkanPPECiang adlavienBSOpfepehti Wignetic material,

and
a
The

various conperp&nhs bﬁf?ef&mhefdi-l é:kamﬁi@r afie SNRIRGheVie 1606t BS|lsesbpaiackd

oper at i
control

on by COHEI’ Ohﬁt gr : 8 PEL &l gc%rb?/aggrofés "Rk l#PJudeg%hestlfQH‘"@

S|gna S and

e Contro
29 conpri sesPiasgfieldoff the P;‘T‘reéﬁ‘f‘% g’f‘b’r"&g@e ﬁ%"’" %towﬁ % TP+

5 wmagnetic material utilized for the bias layers in the preferred
embodiment described with reference to Fig. 6, the magnetization in

?s@cces S~

uni t
CESSOI‘

a

ferromagnetic layer exchange-coupled to an antiferromagnetic layer will

not change irreversibly, and thus will not cause any hysteric response

with application of a transverse magnetic bias field. Similarly, the
10 magnetization in a ferromagnetic/antiferromagnetic couple yrill not vary

with the substridte on which it is grown, and thus will not diminish
grown on the overlap region € of the junction 87. Therefoz"e, in a
transducer which employs antiferromagnetic/ferromagnetic exchange
coupling to provide the longitudinal bias field, magnetic instabilit

when

v in

15 the junction region is not a problem and a relatively long overlap length

€ at the junction 87 can be used to ensure electrical contact and

reliability. In a specific embodiment, the stencil 41 height was about 1

pm and the angle of incidence ® was in the range of about 70 to 80
degrees. This selected combination produced a junction length € of

about

20 5 times the thickiness of the MR element. For this particular embodiment,

junction lengths £ within the range of 3 to S times the MR element
thickness are suitable for use with transducers utilizing

antiferromagnetic/ferromagnetic exchange-coupled bias layers to produce

the longitudinal bias field. As described above, conductor leads 71 can
25 be deposited in the same sequénce of process steps and the MR element and

the bias layers, or alternatively, can be deposited in subsequent steps.
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«for exanple. The control unit 29 generates control si gnal s to control

vari ous system operations such as drive notor control si er—tinhe 23 15
and head position and seek control signals on Ii The CO

signals on line 28 provide the desired current pr ““ r\“\ﬁ!‘y nove
and position $€ I%ted slider 13 to the 2gesi red wﬁ,‘“

associ at ed K 3_L£ Read and wite si gnaf are conmuni<cated"to and from
read/ wite heads 21 by nmeans of recording channel 25. 20 The above
description of a typical nagnetic disk _storage system and the
acconpanying illustration of Fig. 1 ar representation pur poses
only. It should be apparent that disk storage systens may eohtain a

| ar ge nunberi.of di SéthodIfdr arhuikOirSng aflaghatdreaidtiiod @eadrayansducesupport a

nunber of Slﬂaq'%gs end rgé.ons separa%@é %E(ré @gnﬂ}gyvatcgu}:e' gegz.gn, @h@ﬁétﬁfodart MR read
transducer of the, t gﬁ e sEeps OECI‘I bed in commonly assigned U S. Patent No.

4, 663, 685 cOTABPT 4% 1 ayer 32 which extends over the entire
transducer 30'. A | ongitudinal bi as | ayer 43 extends over the
transduces end r @gb@isingbor0al gubktrae O meghetoresstion Jayerdbfh Zertvmagnetiel d i n

the transduGgkerifi! Qerar3thadf 2@ denfRANELLIGe 30giMR! 6 ks cRABAIRLLD from the
MR layer 32 by -a thin non-magnetic spacer | ayer 42, produces a

transverse magnetic bias field in at |east a portion of a central
active region 44fefmipfe sraaitiGewrisg saiqigentrah dosignEfoirs of saidensed over
the central taebddueer;egi on 44 which is defined in transducer

etching away the portion of.said magnetoresistive layer not covered
10 by said stencil to form a magnetoresistive element extending over said
central active region of said transducer;

the method being characterised by the further steps of:

depositing a second layer of ferromaghnetic material over'regions of
said transducer not covered by said stencil; and

15 depositing a layer of antiferromagnetic material over regions of .
said transducer not covered by said stencil, said layer of
antiferromagnetic material overlaying and being in contact with said
second layer of ferromagnetic material, said layers of antiferro;:agnetic .
and ferromagnetic material forming an exchange—coup.led bias layer

20 extending over said end regions of said transducer;

said exchange-coupled bias layer in each of said end regions
forming an abutting junction with one end of said magnetoresistive
element, and producing a longitudinal magnetic bias field in said
transducer.

25 2, A method as claimed in claim 1, wherein said abutting junction
comprises overlapping tapered portions of said magnetoresistive element
and said bias layer.

3. A methed as claimed in claim 2 wherein the length of said

overlapping junction is within the range of about three to five times the

30 thickness of said magnetoresistive element. ——

Tlus Sheet
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30" by the spacing between | ead conductors 46 deposited over the 35

| ongi t udi nal bias |ayer 43. SA9- 93- 018

7 Referring now to Fig. 3, a-conceptual view of a

magnet or esi sti ve (MR) read transducer accor d”mmﬂmnﬁuﬂmﬂm

i nvention isgghoivg,g- The MR read tgansducer ayer of
ferromagnetic material form ng an MR el enment 31 ShitchMexfentls over

substantially only a central active 5 region 33 of the transducer and a

magnetic bi apg ! aieé%t%gd fﬁ%r g%qm&f] 1535@ of c18Rg 1 @Q'B%egz:l.nv\@ﬂl@heécﬁr §&epah

abutting junction el ement 38 o produce a |l ongitudina
magneti ¢ bi aX"PFERE SR 1Mo MR LA 19Pah SETRRF methe Si nce the- MR el ement
31 extends only over the central active region 33 of the transducer 30,

addi ti onal sd4.de- neadtinbg aSUPIRAAES iACIaDNAOWRRES said directional etching

method comprises ion beam milling.

5 6. A method as claimed in claim 4 or claim 5 wherein said directional

etching method is carried out at an angle to said transducer.

7. A method as claimed in claim 6 wherein said angle is within the

range of about seventy to eighty degrees.

8. A method as claimed in claim 6§ or claim 7 wherein said transducer
10 is rotated in a plane normal to said angle during said etching step.

9. A method as claimed in any preceding claim wherein said stencil
comprises a photoresist material having a thin underlayer and a thick

imaging layer overlaying said thin underlayer.
10. A method as claimed in claim 9 wherein said underlayer is undercut.

15 11, A method as claimed in any preceding claim further comprising the
step of depositing a layer of soft magnetic material spaced from said
magnetoresistive element for producing a transverse magnetic bias field

in at least a portion of said central active region.

12, A magnetoresistive read transducer having end regions separated by
20 a central active region, the transducer comprising a magnetoresistive
layer of ferromagnetic material extending over substantially only said

central active region, and being characterised by:

a second layer of ferromagnetic material extending over
substantially only said end regions of said transducer; and

25 a layer of antiferromagnetic material overlaying and in contact
with said second layer of ferromagnetic material, said layers of
antiferromagnetic and ferromagnetic material forming an exchange-coupled

bias layer extending over said end regions of said transducer;

heet Has Been Rei

i



LY

+10 are net-required in this preferred enbodi nent. Thus, the | ongitudi nal
bias |l ayer 35 in each end region 37 need only provide for electrical and
magnetic continuity to the MR el ement 31. The | ongi_tudinal—btas Tayer 35

may be a single layer of magnetically hard material suc u

chromi um ( CoCglge o608l t - pl ati num (CoPt) origcobal t-ch “ﬂ‘,@g‘ﬁﬂﬂmm 5

(CoCrpPt), for exanple, although the use of under- antRe coatss 3uch

as tungsten (W or gold (Au) may be desirable. Alternatively, the

:congi t udi nal ;oi as %gigl gmﬁmeb@ougua/iﬁgi@gh@ér in each of said end regions
erromagnetic/antiferr netic exchange co | .

| ongi t udi nal 6PFE"Y gﬁe%gg%ngo?ﬁ:rff Fses a I%rilee%ﬁ?gp%? ﬂ;ﬁégﬁl g?ztreg%é:%:e;l%eré

materi al over bed/ PrefusiRg P ntopaiEEnal BagRetic Pifet Hiedd 11ayAd Feand
ferromagnetic material (as shown in Fig. 7). For exanple, the
! Ong} t !Jdiknlal _ pi as %\/h Q\X&;e’t\:lg%s‘igﬂvﬁofgéw §8nsubéd Y Q'ﬂaﬁcfedmixngﬁﬁﬁ&/ﬂ- ?Jhere:li.n _ ‘
i ron/ ni ckel -irol e/ Ni. Fe) . or A - i -iron
(MhNi / Ni Fe)®. agie é”ﬁ%gb%"f“r%f%“e°§mr"trf%%y§‘?e§%;sp\?g?€g%r}ggﬁé’tgféc\i% S %il'i‘% dis 25
al so requi r edmgreEIresiHAY? dRYe AnY 82 R i 1WET. The transverse bias field
can be provided by an adjacent soft magnetic |ayer, shunt bias, or other
gpﬁpat ible t rf«ﬂﬁve}{ %Sgrﬁka&sﬁgﬁheiﬁuesurﬁ%c& B/ d18ideY, int SRk I1BNSHRESE:

ias structur s npt been sho i.n t. ; :
Ref erring nom}’e’ﬁ g%ngttgﬁfli)s?% a- 2%3‘_’139 or e?tgrgg,gg%gg%‘d?ﬁﬁeg%&%f&ag%%é process
for fabricati Ffea %F{V&bg’é“eébﬂ’tet HHG58 A B GUBRIBSTRRTEL BT 12 het ween t he
MR el enent 31 and the longitudinal bias layer 35 is il lustrated. The
process acgor §d.Ng A QaddeoRsebEiive abagdasidibsd aplcliiied in claim 13 or claim

14 wherein said overlapping tapered portions comprise a continuous curved

surface.

16. A magnetoresistive read transducer as claimed in any of claims 12
to 15 wherein said magnetoresistive layer comprises an alloy of nickel-

15 irom.

17. A magnetoresistive read transducer as claimed in any of claims 12
to 16 wherein said antiferromagnetic material is selected from the group
consisting of the alloys of manganese-iron and manganese-nickel, and said
ferromagnetic material comprises nickel-iron. -

20 18, A magnetoresistive read transducer as claimed in any of claims 12
te 17 further comprising a layer of soft magnetic material spaced from
said magnetoresistive layer for producing a transverse. magnetic bias
fieid in at least a portion of said central active region.

19. A magnetoresistive read transducer as claimed in claim 18 wherein
25 said soft magnetic material comprises an alloy of nickel-iron-rhodium

20. A method for manufacturing a magnetoresistive read transducer
having end regions separated by a central active region, the method
comprising the steps of:

depositing on a substrate a magnetoresistive layer of ferromagnetic

30 material over at least the central active region of said transducer;

This Sheet Has Been Re
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‘present invention conprises the steps of depositing, upon a suitable
substrate 40, an MR | ayer of ferromagnetic nateriaL,,th,asfﬁrF’“”T67’35
exanpl e, over the length of the transducer. In the enbodi 1@‘“
transverse bias structure conprising a soft nmagneti cj @‘W on-
magneti c spagseroi-gayer 45 are deposited omssubstrate

dep05|t|ng of the MR layer 31. The process then .contifues by depositing
a layer of a suitable material such as a photoresist, and patterning the

SA9-93-018 formJ.ng a stencil coverfhg said cenfdadiatied ségipmicErsedld to forma
stencil 41 (5%95 ., Stencil 41 is used to define each edge of the MR
layer 31 as t 1ayer of MR material 31 as wel |l as the spac®&r |ayer 45

and the soft magnetic |ayer 43 are subjected
etching away the portion of said magnetoresistive layer not covered

by said stencil to form a magnetoresistive element extending over said

5§ central active region of said transducer;

performing a second deposition step to deposit a layer of hard
magnetic material over regions of said transducer not covered by said
stencil, said layer of hard magnetic material extending over said end
regions of said transducer, said layer of hard magnetic material in each
10 of said end regions forming an abutting junction with one end of said

magnetoresistive element;

the method being characterised in that said etching and second
deposition steps are adapted to produce said abutting junction with
overlapping tapered portions of said magnetoresistive element and said
15 layer of hard magnetic material, the length of said overlapping portions
of said junction being less than 0.1 pm. .

21. A method as claimed-in claim 20. wherein said etching step comprises
the use of ion beam milling carried out at an angle to said transducer.

22. A method as claimed in claim 21 wherein said angle is about ten

20 degrees.

23. A method as claimed in claim 21 or claim 22 wherein said transducer

is rotated in a plane normal to said angle during said.etching step.

24. A magnetoresistive read transducer having end regions separated by

a central active region, the transducer comprising:

25 a magnetoresistive layer of ferromaghetic material extending over

substantially only said central active region;

a layer of hard magnetic material extending over substantially said
end regions of said transducer, said layer of hard magnetic material in
each of said end regions forming an abutting junction with one end of

30 said magnetoresistive element;
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.to a subtractive process such as sputter etching, ion mlling or chem cal

5 etching to produce an MR trilayer structure 47 (Fig. 4b_)q__lhean%t—e¥—i—a4————.
for the longitudinal bias layers 35 is then deposited as stencil

defines the edges of the bias layers 35 (Fig. 4c). Usi ng I“ulmﬂm lli‘
stencil 41, a $xye3-0% conductive material 1¥s then deposi

t he sensor conductor |eads 49. If desired, conductor |eads 4§ can be 10
deposited in a later step if the conductor |eads 49 are not coextensive

wi th the |ongitudi nak dYreesiubery beingléharpictegigddain ghafyantity of magnetic
mat-erial and lead material is also deposited on the top surface of

stencil 41. However az rﬂh@l L£ zé.)rséé’ilovéﬁaipe&gp\éggereal&Qgio%t&

stencil 41 in a |ift- roce tqQ 15
produce an MR %"éﬁ%"%"rf éﬁ’s"&uﬁ T‘f’gﬁf‘ﬂﬁaf%ﬁﬁﬁruﬁ"l A&TS BIRESICTRAFE s i n
t he end regi ongheotdngth ofieifi vierigppraingoneitgonsust saislitiwichien beiegivithig eh
the MR tril gyefangé loCdodte 0.4 RonhiiClimext ends over only the central active
regi on 33. [ Al t hough a vertical,
square buttedéunctlon between the MR trilayer 20 47 and the | ongitudi naI

bi as | ayer 35 %% sﬁo’@ﬁ?"ﬁ%‘fc%ﬁ??"ﬁ%ﬂ FYS5eR fogseiad: and 4, the preferred

enbodi nents conprise a junction in which the topography S

wel | -control | ed so at igheticlftpradd npdittit haRDng QIY1UEALIEE IoBNeracks €& be easily
and reliably eQQIHfi ‘?of data; Referring now also to Fig. 5, the
formati on of e contiguous

a magnetoresistive read transducer maintained in a closely spaced
10 position relative to said magnetic storage medium during relative motion
between said magnetoresistive read transducer and said magnetic storage
medium;

actuator means coupled to said magnetoresistive read transducer for
moving said magnetoresistive read transducer to selected tracks on said

15 magnetic storage medium; and

detection means coupled to said magnetoresistive read transducer
for detecting resistance changes .in the magnetoresistive material
responsive to magnetic fields representative of data bits recorded in
said magnetic storage medium intercepted by said magnetoresisti;é
20 transducer;

the storage system being characterised. in that the magnetoresistive
read transducer is.a transducer as claimed in any of claims 12 to 19 or
claim 24. '

e
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25 junction according to an enbodi nent of the present invention is

illustrated in greater detail. In the enbodi nent shown in Fig. 5, the
stencil 41 conprises a bi-layer resist forned by a relatively thin

underl ayer 54 and a thick imging layer 53. One expogyfy .LEP@%Sdﬂﬁﬁﬂ p
step defines thg.¢dgm profile of the resistz An undelc é;mﬁwgﬁeated 30
by dissolution of the underlayer 54 in a suitable de eLnnp the

under cut di stance determ ned by the develop tine. The unnmasked
areas of the layer 55 of MR material arasdgtReer r enoved by the use of a°
uni directional process such as ion mlling, for exanple. The angl e of

I nci dence [err] is controlled by suitabl t||t t he substrate 35 rel ative
to the incident beam In addi t'ASHETS &;ﬂ?ﬁ? n’féﬁ%” &S obt ai ned by
rotating the substrate so that any given point sees the i nci dent beam
rotate conically aRomignétieesisitivd (MENgGéal bnsducex depdisciRakd hiing passive

end regions separated by a central active region in which an MR layer is

§ formed over substantially only the central active region and in which a
magnetic bias layer is formed in each passive end region. 1In one
embodiment, each of the magnetic bias layers includes a layer of
ferromagnetic material and a layer of antiferromagnetic material
overlaying and in contact with the ferromagnetic layer to provide an

10 exchange-coupled magnetié bias field. Alternatively a hard magnetic
material is used to form the biasing layer. Each of the magnetic bias
layers form an abutting junction having magnetic and electrical
continuity with the MR layer to produce a stable longitudinal magnetic
bias field in the transducer, even when the length of the active region

15 is small to accommodate small track widths.

i —

——
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L SA9¥93- 018 9 stencil 41 whose edge shadows
“the layer 55 during sone segnent of substrate revolution. As shown in
Fig. 5, fér an azinmuth angle of 0 degrees, there is exposure of the
| ayer 55 to point ¢ and the exposure limt point noves progressively
to the left until at an azinuth angle of 5 180 degrees the exposure limt
point is noved to point a. The conbi ned mlling for this enbodi nent
produces a curved taper 56 as a result of the renoval during the
mlling process of the portion 57 of the Iayb%455 shown in the dashed
| i nes. The | ongi tudinal bias |layer 58 is then deposited, by
sputter 10 deposition, for exanple, during a simlar orientation-and
rotation of the substrate to produce a deposition profile such as that
shown by dashed [TTTEs 9. The conbined junction profil&iresulting from
t he deposition of bi as |l ayer 58T line. \Stipy using the

deposited in this 15 sequerjce of stdps. i i nal bias

| ayer 58 is shown za singl e | ayer—tn 5=t will be recggnized
that the | ongitudin i}&ﬁ?# | ayer may q? rlse mul til ayerss, /such as a
| ayer of ferromagngti tgrial overl & b a | ayer dﬁ {

sane stencil 41, 4 conduqtor | eagd
3

antiferromagnetic raterial |t POSIHONICONTROL | u | d by
ferromagnetic/anti flerromagrféetTCc exchange AU i
Simlarly, the MR llayer 55}may conprise negti ‘ 15 ‘ 12.
29 27 23
MOTOR CONTROL { DRIVE
MOTOR
—18
36 | ,/30' 36
46~ 44 46
L~ 42
L~ 38

R e A R

37 33 37
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| @ayers, such as the MR trilayer 47 formng a transverse bias structure,

-~ for exanple. The junction profile 62 conprises two overl appi ng
tapers. The taper profile is determ ned by the height of the stencil 41
and the 25 selected angle of incidence O. For electrical reliability,
the |l ength of the junction overlap e should be relatively |ong;
however, for magnetic reliability the length of the junction overlap
[err] should be relatively short. Thus, the selected | ength of the
junction overlap is a trade off in whicl2f4ypically the magnetic
reliability is nore heavily 30 weighted than the electrical reliability. To
produce rel atively short overlap lengths, overmlling at Tow angl es of
i ncidence [err] prior to deposition of t bias | ayer 58 may be

required. Referring now al so_t o_Fi 6, a cross-sectional view
of a preferred enbodi nent of an MR rpad transqlucer fabricated by the
above-described 35 nethod is shown. the Eurface of which is in 3 ose
proximty to a magnetic SUOTUT T EU T T TONT Wi predi ougky recor ded
magnetic data is to be 2t S zTStucer—60—ToTp S VR el ement
63 whi ch extends over "

49~ ' _— 49

33 ,
49~ 47 ? |~ 49
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- of the transducer

a | ongitudinal
preferred enbodi nent,

for exanpl e,
(Ta), for exanple,

and hard magnetic bias
abutting junction 69 with the MR el enent 63. The hard magneti c bias
| ayers 67 extend over the end regions 61 of the
magnetic bias field in the MR 5 elenent 63.
the MR el enent 63 can conpri se
structure including a |layer of ferronmagnetic nmaterial,
| ayer of a nonmagnetic material,

a spacer
and a |ayer of soft nagnetlé/%aterlal

t he central
| ayers 67 which form

active region 65

transducer to produce

In this

atrilayer
such as N Fe,
such as t ant al um
such _ as

Ni FeRh, for exanple. The soft magnetic |ayer is separated fromthe MR 10
| ayer by the spacer |ayer and provides the transverse bias field for the
MR el ement 63. The hard nagnetic bias layers 67 conprise a single |ayer
of a hard magnetic material, such as CoCiPt &% QN xanp ee—%ﬁﬂce in the
junction region 69 where the hard magnet ri operl gps apd is grown
on soft ferromagneti c and nonmagnetic mase(lalf\ regyons Of vrying 15

coercivity and magnetic instability exist, ¥or Nagnetlc,ﬁellab|47ty,it
e N\ / {
! \ 7
\/
X 53
/' \ ~
// \ _
/ A 24
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1 I 1 1
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________ B Y S
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. 48 necessary that the length of the overlap [err] be relatively short. In a

-t

speci fic enbodi nent, the stencil 41 height was about 1 [err]m and the angle
of incidence [err] was about 10 degrees with an overm || of 5 percent. This
sel ected conbi nation produced a junction length [err] of less than 0.1
[err]m 20 For this particular enbodinment, junction |lengths within the
range of 0 < [err] < 0.1 [errlmare suitable for use with transducers
utilizing hard magnetic bi as Iayers to produce the | ongitudinal bias
field. To ensure good el ectrical ié?bllity bet ween the MR el enent 63
and the bias |ayer 67, t he under cut of stencil 41 (as shown in Fig.
5) can be adjusted to 25 provide sonme overlap 64 of the condlictor |eads 68
with the MR el enent 63. Referring now also to Fig. 7, a
cross-sectional view of a second enbodi ment of an MR read transducer 70
fabricated by the nethod descri bed with reference to Fig. 5 is shown.
The MR transducer 70 conprises a mul tilayer MR el enent whi ch extends
over the central active region 77 of 30 the transducer, and a bilayer
exchange coupl ed bi as Iayer 75/ 79 deposited in each end reglon 71 which
form abutting ith the MR 65 el ement . 75/ 79
extend over the¢ end reqﬂpns 71 ORNthe (“transdye

| ongi t udi nal i 0% d iy the :

conprise-a |layg r 75 of tlferro 3
MNi, for exa nle ove ylng a‘J.k
ferromagneti c MA \ 0] exany '

enbodi nment, the NR elenent cnnn} Sﬁs_a rilayer ructure |nclud|ng a
| ayer 81 of ferromagnetic matertal' such as N|Fe59 \\_
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_fof exanple, a spacer |layer 83 of a nonnmagnetic material, such as -~
"SA9- 93- 018 ' 11 tant al um ( THPP2¥ ot T8l e
and a |ayer 85 of soft magnetic material, such as N FeRh, for exanple.
The soft magn epar at ed fromthe MR Iayer 81 by the
spacer | ayer y’@n@%@ﬁ%@&ﬁ’ke ‘transverse bias fiel'd for the MR .
el enent. Unli |zat|on in the hard 5 nagnetic material utilized
for the bias layers in the preferred enbodi ment described with

reference to Fig. 6, the magneti zation in a ferromagnetic | ayer "‘\
exchange-coupled to an antiferromagnetic |ayer wll not change \

appi i cati on’ of o tr ansVACHERRERSIGEREAY AN (e To N\

magneti zation in a ferromagnetic/antiferromagnetic couple will not vary "zl

ABSTRACT

A magnetoresistive (MR) read ﬁamducer (30) is disclosed having passive end
regions separated by a central active region in which an MR layer is formed over
substantially only the central active region (33) and in which a magnetic bias layer (35) is
formed in each passive end region. In one embodiment, each of the magnetic bias layers
includes a layer of ferromagnetic material (31) and a layer of antiferromagnetic material
overlaying and in contact with the ferromagnetic iayer (31) to provide an exchange—couplbd
magﬁetic bias field. Alternatively a hard magnetic material is used to form the biasing .
layer. Each of the magnetic biﬁs layers form an abutting junction (39) having magnetic and |
electrical continuity with the MR layer (31) to produce a stable longitudinal magnetic bia§
field in the transducer (30), even when the length of the active region is small to‘ .

accommodate small track widths.

Fig. 3
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with_thesubstrate on which it is grown, and thus will not di M eAEEH? WhAsn
growion the overlap region e of the junction 87. Therefore, in a
transducer which enploys antiferromagnetic/ferromagnetic exchange

coupling to provide the longitudinal bias field, nmagnetic instability in 15
the junction region is not a problemand a relatively long overlap | ength
[err] at the junction 87 can be used to ensure electrical contact and

reliability. | i fi-c enbodi ment, ,the stencjl|_4 i ght bout 1
Torrim and t ne "BirgME 8#05PF AFUER AEScr e i Rt 10-1h074. 038, 8ot Peepgmcrts T6oigo
bout 20 PR CSEEneRRRHOEDvERs PREHRE TS, iy A sk detiRiion
about 20 (o : o’ i
ool bont Yy Rel ' |
e ot by skt A OBPbERGHY ke fed! ohlrBE b RGEoleile e of bFER
utilizing senscfi‘r%chﬁfv@rré OR dfifive ke _rﬁﬁﬂﬁgnéésﬂgsﬁﬁﬁ&%@ﬁn RBhACHRS FR1d, " S
the al bias field.

to produce I ongi t udi nal a descri bed above, conductor .
| eads 71 cabstantidly A¢RRR feading) HbGetcktheSEsHiignoe 6f aﬂitﬂﬁ%ﬁtﬁlc@ibﬁﬂﬁr@rvihst he
MR el enrent and the bias layers, or alternatively, can be deposited in

subsequent designssuffers from a substantial disadvantage which, while at large data track widths

where the length of the sensof active region is large compared to the length of the
junction region may nbt be discernible, at relatively small data track widths where the
length of the active region can becéme comparable or even small compared to-the length
of the junction region, can cause the magnetic properties in the junction region to no
longer be predictable or well-defined. As a result, under transverse field excitation,
hysteresis can be introduced into the sensor's response. In addition, the magnetization of
a cobalt (Ci) alloy hard ferromagnetic material, when grown on different substrates such
as thei trilayer active region of the sensor at the overlapping junction region, causes a
majority of the Co c-axes to be oriented perpendicular to the film plane. Thus after
initialization with a longitudinal magnetic field, such a hard ferromagnetic layer will
have substantially no remnant magnetization, and the magnitude of the longitudinal bias

field thus produced can be insufficient to ensure a single domain state in the sensor.
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CLAIMS 1. A nethod for manufacturing a magnetoresistive read transducer
havihg end regions separated by a central active region conprising the

st eps of: depositing a first layer of ferromagnetic material on a
substrat e; formng a stencil which covers at |east a portion of said
first layer of ferromagnetic material whdch defines a central active
‘region of said transducer; etching away portions of said first |ayer

of magnetoresistive material not covered by said stencil to forma
magnet oresi stive el enent extending over said central active region of said

transducer; deposi ti ng GRMERRY b@yﬂgEW-gﬂgﬁgnet ic material over
not covered by said sSte

end regions of said transducer ncil; and
depositing a layer of antiferromagnetic material over said end regi ons of
sai d .

It is an object of the present invention to ameliorate one or more disadvantages of

the prior art.

Accofding to one aspect of the present invention there is provided a method for
manufacturing a magnetoresistive read transducer having end regions separated by a
central active region comprising the steps of: depositing a first layer of fen;bmagnetic
material on a substrate; forming a stencil which covers at least a portion of said first
layer of ferromagnetic material which defines a central active region of said transducer;
etching away portions of said first layer of magnetoresistive material not covered by said
stencil to form a magnetoresistive element extending over said central active region of
said transducer; depositing a second layer of ferromagnetic material over end regions of
said transducer not covered by said stencil; and depositing a layer of antiferromagnetic
material over said end regions of said transducer not covered by said stencil, said layer
of antiferromagnetic material overlaying and in contact with said second layer of
ferromagnetic material, said layers of antiferromagnetic and ferromagnetic material
forming an exchange-coupled bias layer extending over said end regions of said
transducer, said exchange-coupled bias layer in each of said end regions forming an
abutting junction with one end of said magnetoresistive element, said exchange-coupled

bias layers producing a longitudinal magnetic bias field in said transducer.
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transducegr not covered by said stencil, said |ayer of antiferromagnetic

mat érial overlaying and in contact with said second | ayer of ferromagnetic
material, said |ayers of antiferronagnetic and ferronagnetic nmateri al
form ng an exchange-coupl ed bias |ayer extending over said end regions of
sai d transducer, said exchange-coupled bids |layer in each of said end
regions formng an abutting junction with one end of said mnagnetoresistive
el enent, sai d exchange-coupl ed bias |ayers producing a |ongitudinal
magnetic bias field in said transducer. 2. The nethod as in claiml
wherein said abutti LHBS LA j [ ortions of
sai d magnet or esi st 32‘3§F,‘ H@ﬁ@@*@%ﬁﬁpﬁ?%ow& hod as in
claim?2 wherein the I ength of said overlapping junction is about five tine
t he thickness of said magnetoresistive elenent. 4 The nethod as in

clai m 2 wher ei MHehgreks&it SnerstionS #illl HRVELsEARR Afitter"BY iy bS exdrhpie Tonly N Svith
range of about three to five tinmes the thickness of sai'd nagnetoresistive
el ement . reference to a preferred embodiment thereof as illustrated in the accompanying drawings,

in which;

Figure 1 is a simplified block diagram of a magnetic disk storage system according

to an embodiment of the present invention; =

Figure 2 is a cross-sectional view of a prior art magnetoresistive read transducer in
which longitudinal bias is provided by bias layers formed in the transducer and regions
only;




5. -~ The nethod as in claim1l wherein said etch’ step conprises the use of a
di réctional etching method. - 6. The nmethod as in claim5 wherein
said directional etching method conprises ion beammlling. 7. The

method as in claimb5 wherein said directional etchin d out
at an angle to said transducer. 8. Th¥? net hod as Elrl"ﬂllmmnﬂ\lmnmlﬁ sai d
angle is within the range of about seventy to eighty dedgreés.*

CLAIMS

1. A method for manufacturing a magnetoresistive read transducér having end regions
separated by a central active region comprising the steps of:

depositing a first layer of ferromagnetic material on a substrate;

forming a stencil which covers at least a portion of said first layer of ferromagnetic
material which defines a central active region of said transducer;

etching away portions of said first layer of magnetoresistive material not covered
by said stencil to form a magnetoresistive element extending over said central active
region of said transducer; | .

depositing a second layer of ferromagnetic material over end.' regions of said
transducer not covered by said stencil; and |

depositing a layer of antiferromagnetic material over said end .regions of said
transducer not covered by said stencil, said layer of antiferromagnetic matenal
overlaying and in contact with said second layer of ferromagnetic matenal said layers of
antiferromagnetic and ferromagnetic material forming an exchange-coupled bias layer
extending over said end regions of said transducer, said exchange—coupled'bias layer in
each of said end regions forming an abutting junction with one end of said
magnetoresistive element, said exchange-coupled bias layers producing a longitudinal
magnetic bias field in said transducer.
2. The method as in claim 1 wherein said abutting junction comprises overlapping
tapered portions of said magnetoresistive element and said bias layer.
3. . The method as in claim 2 wherein the length of said overlapping junction is about
five time the thickness of said magnetoresistive element.
4 The method as in claim 2 wherein the length of said overlapping junction is within
the range of about three to five times the thickness of said magnetoresistive element.
5. The method as in claim 1 wherein said etch step comprises the use of a directional

etching method.
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9. Jhe gethod as in claim7 wherein said transducer is rotMl ane
norifal to said angle during said etching step. 10— The net hod n claim
1 wherein said stencil conprises a photoresi st rrater ““““ m hod as
in claim10 wherein said photoresist materi al corrprl ‘m\ I ayer
and a thick imging | ayer overlaying sai hi n underlayér. L 12. The nethod
as in claim1l wherein said underlayer is undercut. 13. The nethod as |n

claim1 fugther [ t f r

Fr ansver se Crmgrie  Heed 8 in (Mot s Sncthin RP irkedia ERARe ol LORMELANR,
region.  lfearhhgiikg.nod as in claim 13 wherein said neans for produci ng a
transverse magnetic bias field conprises a layer of soft magnetic materi al

“spaced from saiThefaghed s & thirh \fewhére®4id directional etching method is carried out at
an angle to said transducer.

8.  The method as in claim 7 wherein said angle is within the range of about seventy
to eighty degrees.

9. The method as in claim 7 wherein said transducer is rotated in a plane normal to
said angle during said etching step.

10. The method as in claim 1 wherein said stencil comprises a photoresist material.

11. The method as in claim 10 wherein said photoresist material comprises a thin
underlayer and a thick imaging layer overlaying said thin underlayer.

12. The method as in claim 11 wherein said underlayer is undercut.

13. The method as in claim 1 further comprising the step of depositing means for
producing a transverse magnetic bias field in at least a portion of said central active
region.

14. The method as in claim 13 wherein said means for.producing a transverse magnetic
bias field comprises a layer of soft magnetic material spaced from said magnetoresistive
element.

15. A magnetoresistive read transducer manufactured by the method as in any

preceding claim.
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15. A.magnetoresistive read transducer nmanufactured by the nethod as in any
precedi ng claim = L

14

MAGNETORESISTIVE READ TRANSDUCER

ABSTRACT

A magnetoresistive (MR) read transducer (30) is disclosed having passive end
regions separated by a central active region in which an MR layer is formed over
substantially only the central active region (33) and in which a magnetic bias layer (35) is .
formed in each passive end region. In one embodiment, each of the magnetic bias layers .
includes a layer of ferromagnetic material (31) and a layer of antiferromagnetic material
overlaying and in contact with the ferromagnetic layer (31) to provide an excha.nge—coupled
magnetic bias field. Alternatively a bard magnetic material is used to form the biasing
layer. Each of the magnetic bias _1ayer§ form an abutting junction (39) having magnetic and
electrical continuity with the MR layer (31) to pr:Jduce a stable longitudinal magnetic bias
field in the transducer (30), even when the length of the active region is small to -
accommodaté small track widths.

Fig. 3
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