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good l|inear density resolution can be obtained; and the MR
The present invention relates generally to magnetoresistive (MR) read

sensors and, more particularly, to an MR read sensor in which an. improved
antiferromagnetic £ilm provides an exchange-coupled longitudinal bias
field in the ferromagnetic MR film of the sensor.

A general description of the principle of operation of MR sensors in
magnetic recording systems is provided by Tsang in "Magnetics of Small

Magnétorésistive Sensors", _Journal of Applied Physics, Vol. 55(6), Mar.

15, 1984, pp. 2226-2231: Essentially, an MR sensor detects magnetic
field signals through the resistance changes of the magnetoresistive read
element as a function of the amount and diféction of magnetic flux being
sensed by the element. MR sensors are of inFerest for three primary
reasons: the voltage output when detecting recorded flux transitions in
a magnetic medium is large and proportional to an appliéd sense current;
good linear density resolution can be obtained; and the MR sensor output
is independent of the relative velocity between sensor and medium. '

It is well known in the prior art that in order for an MR sensor to
operate optimally, two bias fields are required. To bias the MR material
so that its response to a magnetic flux field is linear, a transverse
bias field is generally provided. This bias field is normal to the plane
of the magnetic media and parallel to the surface of the planar MR
element. Typically, the transverse bias field is provided by a current
flow through a layer of soft magnetic material deposited adjacent to the
MR element and separated by a thin electrically insulting layer.

The second bias field which is typically utilized with MR elements is

referred to as the longitudinal bias field and extends parallel to the
surface of the magnetic media and parallel to the lengthwise direction of
the MR element. The primary purpose of the longitudinal bias is to
suppress Barkhausen noise which is generated by multi-domain activities
within the MR element. A secondary purpose of the longitudinal bias
field is to improve. the magnetic stability in the presence of high
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I s i ndependent of the relative .velocity between sensor and nmedium It is .
el I known in the prior art that in order for an MR sensor to 20 operate
optinmally, two bias fields are required. To bias the MR material so that
its response to a magnetic flux field is lingar, a transverse bias field is
general |y provi 8% 2H& bias field is normal® to the plane of the magnetic
medi a and parallel to the surface of the planar MR el enent. Typically, the.
transverse bi as mhigmdtdcifepd exctiadidn. aTleulorgitudibal bogs theldutgrigallyyés of

soft magnetic Materiqah HeROSEL Grhratisahon or L dkchitte Mupl BRERasanyl separ at ed
by a thin electrically rnsulting |ayer. The second bias field which is
typically utilized with MR el enents is referred to as the, |ongitudinal bias
field and ext endbe pepgmeapn 1of ¢¥cbanger patseteaPyt e vekghetPcimibs 4rbnd It
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generated by nmulti-domaln activitiges W hin.the MR ekemegt. A %eggcrﬁdsardyé o
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in the presence tbé imtefface between the two materials. ‘For example, exchange coupling
between thin layers of nickel-iron (NiélFelQ) and iron-manganese
(Fe50Mn50) produces a unidirectional anisotropy resulting in a shift of

10 the BH loop in the MR element.

Commonly assigned U.S. Patent No. 4,103,315 to Hempstead et al discloses -
an MR sensor which utilizes antiferromagnetic-ferromagnetic exchange
coupling to provide a uniform longitudinal bias field in the MR element
of the sensor. The exchange coupling between the antiferromagnetic and

15 ferromagnetic layers creates a single domain state in the ferromagnetic
layer (the MR element) and thereby suppresses the Barkhausen noise
associated with domain activity. Hempstead et al teaches an MR sensor in -
which Ni-Fe serves as the ferromaénetig.MR layer and a gamma phase ..
manganese (Mn) alloy with iroﬁ {(Fe-Mn) having a face—centereﬂ-cubic {fcc)

20 structure as the antiferromagnetic layer. Hempstead et al also suggests
that alloys of Mn with cobalt (Co), copper {Cu), germanium (Ge), nickel
(Ni) and rhodium (Rh) may produce a stable gamma phase Mn alloy when
deposited on Ni-Fe.

Commonly assigned U.S. Patent No. 4,663,685 describes an MR sensor having

25 an Fe-Mn alloy antiferromagnetic layer divided into separate end portions
for providing an exchange bias primarily in corresponding end portions of
the MR la&er. :

Two problems encountered with the use of Fe-Mn as the antiferromagnetic
layer in MR sensors are its susceptibility to corrosion and the

30 temperature sensitivity of the unidirectional anisotropy field (HUR).
The material is exposed to corrosive environments both during the thin
film fabrication processes and during operation of the MR sensor in a

magnetic recording system.

In order to decrease the temperature sensitivity of the HUA, the
35 deposited Ni-Fe/Fe-Mn layers have been annealed for 20 - 50 hours at a
temperature ranging from 260 tO 350 degrees C. With such an extended

-



SA9- 91- 078 2 magnetic field excitation. The

J\I ongitudinal bias field typically is provi ded by eit her har d- magnet or

exchange- coupl i ng. bi asi ng. The phenonenon of exchange .ani sotropy is
wel | -known in the art. It occurs as a result of the interaction of a
ferromagneti c nghgldiapzd N 5 contact with an aGyntiferronmagnetic material,
and can be described in terns of an exchange I nteracti on between magnetic

nmonent
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assigned U S. Pgt enetral}&‘e of Sed B A_rﬁnpxﬁﬁﬁﬂl thlgl:kﬂbsgmﬁaeaﬁzu?@ thlch
sensor which uti es antil EI‘I’O neti c- EI‘I‘OITB hetic e nge  co
provide a uni¥ oﬁh?l'ﬁ’ﬁg?%ﬁd?%é?'%lg%v@?eqhﬂ NesliteRp Wt'é‘fee?%rn?’ g'f Ffﬁgpéé%"g‘(s
The exchange couzpbidegrést alenThehdntertdi fiusiamakpveres syhstatially desregees ithe
layers creates g,gidtgt GohlonBoR @Eaiaesm-o&he oh Bthe OPERGAAaha, lodl@r eféneatdR
el errent) and thenglP S('flrrfpi S%?S RL %dBfi“ k?@l“%ﬁzﬂnp'ig' $S8ve been added to the Fe-Mn
| alloy layer in order to improve its corrosion resistance. C}Yommonly
10 assigned U.S. Patent No. 4,755,897 to Howard discloses an improved MR
sensor having an antiferromagnetic layer comprising an alloy of Fe, Mn
and Cr. 1In particular, by adding 4.5 at% Cr to a 30 nanometer (nm) thick
Fe-Mn film, the corrosion current density (ic) in an aerated 0.1 N sodium
sulfate electrolyte decreases from 8 to 2 uA/cm2, and further decreases
15 to 0.5 uA/cm2 after annealing the uncoated film in air for one hour at
150 degrees C. However, the addition of the Cr decreases the strength of
the HUA to only 16 Oe at room temperature, and further to about zeroc at
80 degrees C. :

SUMMARY_OF THE_INVENTION i,

20 It is therefore a primary object of the present invention to provide a
magnetoresistive (MR) read sensor having improved exchange coupling
characteristics that are stable during thermal cycling.

According to the present invention there is now provided a
magnetoresistive read sensor of the type having a layer of

25 antiferromagnetic material in direct contact with é layer of
magnetoresistive ferromagnetic material for inducing a longitudinal pias
field in the ferromagnetic layer wherein said anfiferromagnetic layer
comprises an alloy of manganese (Mn), at least a portion of said Mn alloy

layer having a face-centered-tetragonal (fct) structure.

30 BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages of the present .
invention will be apparent from the following detailed description of the
preferred embodiments of the invention, reference being made to the
accompanying drawings, in which like reference numerals indicate like

35 parts and in which:
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associated wth domain activity. Henpstead et al teaches an MR sensor in _ .
whi ch! Ni - Fe serves as the ferromagnetic MR [ ayer and a gamma phase -
manganese (Wn) alloy with iron (Fe-W1) having a face-centered-cubic (fcc)

20 structure as the antiferromagnetic |ayer. Henpstead et al also

suggests that aaboyisowd Mh with cobalt (Co) 4 copper (Cu), germanium (Ge),
nickel (N) and rhodium (Rh) may produce a stable gamma phase M al |l oy when
deposited on N -Fe. Commonly assigned'U S. Patent No. 4,663,685 describes ~
an MR sensor having 25 an Fe-M) alloy antiferrom netlcd§% er divided intow
separate end pdifind ¥Hp TH“BHdeﬁé’lﬁé‘ SRIARPE. HIMEPPHF %Ii”?’ﬂge system
correspondi ng enbodwing itbaspretenthdnyeRtienyer. Two probl ems encountered with
the use of Fe-M as the antlferronagnetlc | ayer in MR sensors are its

suscept I bl LY g gugo! ;g;' Rndhet %ﬁ@&%ﬁ@@{ﬁﬁ%m%@ﬁgyum 8f of Bfin

uni di recti onal I S exposed tO corrosive.
envi ronment s bcﬁtlh"'d@r??i’gj°f Iecerding fto| Hher BraspRrbdptRPtioicesses and during
operation of the-MR sensor in a nagnetic recording system |In order to

decrease thegt QIPELAE UL as VR dileW| 6V a Prebdl@elildibodifent of the thin £ilm MR

sensor shown in Figure 2;

Figure 4 is an end view of an alternate embodiment of the thin film MR

sensor shown in Figure -2;

Figure 5 is a graph illustrating the strength of the HUA as a function of
10 the number of annealing cycles for the MR sensor shown in Figure 2;

Figure 6 is a graph illustrating the strength of the HUA as a function of
ambient temperature for the MR sensor shown in Figure 2;

Figure 7 is a graph illustrating the strength of the HUA as a function of
the number of annealing cycles for an MR sensor as shown in Figure 2
15 utilizing a Ni-Mn-Cr alloy antiferromagnetic layer;

Figure 8 is a graph illustrating the_étrength of the HUA as a function of
ambient temperature for the MR sensor shown in Figure 7;

Figure 9 is a graph illustrating the corrosion characteristics for
antiferromagnetic layers in an aqueous solution for the MR sensor shown
20 in Figure 7;

Figure 10 is an end view of an alternate embodiment of an MR sensor

according to the present invention;

Figure 11 is a graph illustrating the strength of the HUA as a function

of underlayer thickness for the MR sensor shown in Figure 10;

25 Figure 12 is a graph illustrating the strength of the HUA as a function
of the antiferromagnetic layer thickness for the MR sensor shown in
Figure 10;



35 ,deposited N -Fe/ Fe-M | ayers have been annealed for 20 - 50 hours at a-
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to 48 Ce) at the MR sensor operating tenperature of 80 degrees C and
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referriﬁg 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
10 such as a magnetic tape recording system, for example. At least one

rotatable magnetic disk 12 is#Y supported on a spindle 14 and 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.

15 At least one slider 13 is positioned on the disk 12, each slider 13
supporting one or more magnetic read/write transducers 21, typically

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

20 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 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

25 (vcM), for example. The VCM comprisés a coil moveable within a fixed
magnetic field, the direction and velocity of the coil movements being

controlled by the motor current signals supplied by a controller.

- During operation of the disk storage system, the rotation of the disk 12
generates an air bearing between the slider 13 and the disk surface 22
30 which exerts an upward force on the slider. The air bearing thus
counterbalances the slight spring force of the suspension 15 and supports
the slider 13 off and slightly above the disk surface by a small,
substantially constant spacing during operation.



Fe-Mh film the corrosion current density (ic) in an aerated 0.1 N sodi um-
_§ulfate el ectrol yte decreases from8 to 2 uA/cn2, and further decreases 15"~
to 0.5 uA/cnR after annealing the uncoated filmin air for one hour at 150
degrees C. However, the addition of the Cr, decreases the strength of the
HUA to only ,lﬁn%ﬁléqmroomterrperature, and further to about zero at 80
degrees C. SUMVARY OF THE I NVENTION,20 It is therefore a primary object of
the present inversfioust@mnporentsefathradink storegs systen(HR) condgelllsdnigor havi ng -
Irrplr_oved 2><Ch & tERUBY iRELN2E RBLEY igeddrated Bpicoat:®15urakl ®, dsuichngs bbedsanl =
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conprises an alloy o n;anganeae ;g/h ar1 | east a E@%‘t |2§n % salg I\_(h al | oy
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BRI EF DESCRI PgighllORnTHERe W INdde the desired current profiles to optimally move
and position a selected slider 13 to the desired data track on the
10 associated disk 12. Read and write signals are communicated to and from

read/write heads 21 by means of recording channel 25.

The above description of a typical magnetic disk storage system, and the
accompanying illustration of Fig. 1 are for representation purposes only.
It should be apparent that disk storage systems may congain a large

15 number of disks and actuators, and each actuator may support a number of

sliders.

' Reférring now also to Figs. 2 and 3, a thin fiim_HR sensor in accordance
with the principles of the present invention comprises a substrate 32, a
transverse bias layer 31, a spacs#Yer layer 33, an MR layer 35 and an

20 antiferromagnetic layer 39. The MR layer 35 which is formed of a
ferromagnetic material such as Ni81Fel9, for example, is attached to
electrical conductors 37 and provides an output current. The output
current from the MR layer 35 is a signal which enables a separate sensing
circuit in the recofding‘channel 25 to determine resistance changes in

25 the MR layer. The resistance changes are ‘a function of changes in the
magnetic fields intercepted by the MR layer 35 from recorded data on the

magnetic storage medium 22.

In order to assure that the MR layer 35 has uniaxial anisotropy the -
antiferromagnetic layer 39 is formed on MR layer 35. The

30 antiferromagnetic layer 39 comprises an antiferromagnetic Mn alloy having
an ordered CuBu-I type structure, i.e., a face-centered-tetragonal (fct)
structure, preferably Ni-Mn. The antiferromagnetic layer 39 creates an
interface exchange coupling with the ferromagnetic MR layer 35. This
results in a longitudinal exchange bias field (HUA) in the MR layer and

35 creates a single magnetic domain in the MR layer 35. The existence of a
single magnetic domain state in the MR layer is essential to suppress
Barkhausen noise which is associated with MR materials which exhibit
multiple magnetic domain states.



The foregoing and other objects, features and advantages of the present .
Jdnvention will be apparent from-the follow ng detailed description of the -
preferred enbodi nents of the invention, reference being made to the
acconpanying drawings, in which like refer gnce nuner als indicate like 35
parts and in WHCH- 78 Sp9-91-078 4 Figure 1 is
a sinplified block diagram of a magngtic di sk storage system enbodyi ng t he,
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resistance changes. The transverse bias layer 31 is separated from the
MR- layer 35 by a thin non-magnetic spacer layer, such as tantalum (Ta),
for example. As is known in the art, the transverse bias field can be
provided by shunt biasing, soft film biasing or perménent magnet biasing.

10 Referring now also to Fig. 4, in a second embodiment of the MR sensor
according to the present invention, to provide a patterned longitudinal
bias field, the antiferromagnetic layer is formed in two separate end
portions 41 deposited over the end regions 42 only of the MR layer 35.
The antiferromagnetic layer portions 41 produce an HUA in the end regions

15 only of the MR layer 35 to maintain the end regions 42 of the MR layer 35
in a sinéle domain state. The spaced antiferromagnetic layer portions 41
define a central, detection region 44 of the MR layer 35 which is
responsive to intercepted magnetic fields to provide a current signal as
a function of the resistance changes in the central region 44 of the MR

20 layer 35. The central regioﬁ 44 of the MR layer9¥ 35 experiences no
direct field from the longitudinal bias, but, through magnetostatic and
exchange coupling along the MR layer, the single domain states of the end
regions 42 induce a single domain state in the central region 44 of the
MR layer. Transverse bias layer 31 provides a transverse bias field in

25 the central portion 44 to maintain the central portion in a linear

response mode.

A comprehensive description of prior art MR sensors similar to that shown
in Figs.'z and 3 in which the antiferromagnetic layer 39 may be the gamma
phase of Mn alloys and alternative embodiments are provided in the above-
30 referenced U.S. Pat. No. 4,103,315. A prior art MR sensor having
antiferromagnetic layer portions of Mn-Fe similar to the MR sensor shown

in Fig. 4 is described in commonly assigned U.S. Pat. No. 4,663,685 to
Tsang.

In order to understand the range of material and operational

35 characteristics inherent in an MR sensor having an antiferromagnetic
layer comprising fct Ni-Mn alloy, various thin film layered structures
were prepared in a magnetron sputtering system in a uniform magnetic
field of approximately 40 Oe. Nil9Fe81, Ni50Mn50, Fe50Mn50 and pure Ta



10 the-nunber of annealing cycles for the MR sensor shown in Figure 2; = _
igure 6 is a graph illustrating the strength of the HUA as a function of
anbi ent tenperature for the MR sensor shown in Figure 2; Figure 7 is a
graph illustrating the strength of the HUA as a function of the nunber of
anneal i ng cycl 89-P8r078n MR sensor as shown $n Fi gure 2 15 utilizing a

Ni -Mh-Cr alloy antiferronagnetic |ayer; Figure 8 is a graph illustrating ..
the strength otaidees Ia'léAzcasma iUaTsne 06t O reatkicetd d&pd’qaer.aﬂwﬁyétyd tdymidR
sensor shown | . JsOhl o Tand b redrl S cBl2 b lotodd BlilRade GRETSLAN
characteristics- t| errona ers i an ueous sof ution for the
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prckness, 197, el TASH Rty ATRY KRG LT ol B Oty b R
| ayer thi cknesBPM.orIn hedifonr dhsthe §m\ﬂen°ﬁlﬁ°gmaéa'mers' an RF substrate bias -
of -80 volts (V) was used for the RF magnetron sputter-deposition of a
28.5 nm thick Ni-Fe film. Multiiayered structures having Ni-Mn and Fe-Mn
10 antiferromagnetic layers deposited both before and after the Ni-Fe MR
layer were prepared. To provide improved corrosion resistant properties,
DC magnetron- cosputtering of Ni-Mn and pure Cr targets provided ternary
Ni-Mn-Cr based alloys for the antiferromagnetic layer. The power density
utilized with the pure Cr target was varied to obtain various Cr contents
15 in the Ni-Mn-Cr films. .All of the films with their easy magnetic axes
aligned with a magnetic field of approximately 800 Oe were annealed at
3x10-5 Torr in a hard bake vacuum furnace. Five annealing cycles were
accomplished to simulate the photoresist hard bake process utilized
during the fabrication of two-layer inductive heads. The sample
20 structures prepared in accordance with process iwere then tested to
. measure the exchange bias field, HUA, in the Ni-Fe MR layer at various
parameters and the corrosion resistance of the antiferromagnetic layer.
Electron microprobe analysis shows that the DC magnetron Ni-Mn film
contains 46.7 at % Mn. Both X-ray diffraction patterns and transmission
25 electron microscopy micrographs show a Mn alloy having a fct structure.

Referring now also to Figs. 5, 6, 7 and 8, Figs. 5 and 6 illustrate HUA
for the various structures versus annealing cycles and ambient or
operating temperature, respectively, for 50.4 nm thick Ni-Mn and 12.6 nm
thick Fe-Mn films. The HUA of as-deposited Ni-Fe/Ni-Mn films is

30 approximately 4.5 Oe, much lower than that of the as-deposited Ni-Fe/Fe-
Mn films (approximately 38.4 Oe). However, the HUA of the Ni-Fe/Ni-Mn
films sharply increase to 28.7 Oe after one annealing cycle and further
increase to 113.0 Oe after five annealing cycles. While increase in the
HUA is observed at higher annealing temperatures, sufficient HUA for

35 practical applications is obtained by annealing at temperatures within
the range typically utilized for the photoresist hard bake process, for
example, at a temperature less than 260 degrees C. 1In contrast, the HUA
of the Ni-Fe/Fe-Mn films only slightly increases to 40.4 Oe after five
annealing cycles. When the deposition sequence of the layers is

40 reversed, the Ni-Mn/Ni-Fé films exhibit an HUA of 32.4 Oe after five



SA9- 91- 078 5 Figure 13 is a graph illustrating = -°
fhe strength of the HUA as a function of the MR layer thickness for the MR -
sensor shown in Figure 10; and Figure 14 is a graph illustrating the
strength of the HUA as a function of the ambient tenperature for
antiferromagneagesl-ay&rs of various 5 thickress for the MR sensor shown in
Figure 10. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring now.
to Fig. 1, althgugh 1OV eR41QMd Sx8R364 IBRAAT seNBRdi-ad bitndumgnet i c
di sk storage igg%%mnyfschomd;nﬂ% x1, |&t cwsﬁfﬂigaa arent that tﬁe,
‘nvention s APQU-EATESL) ASHSIBITIY . MAGTIBTRT 1P s MeRGE S, RIERE of0%-Ehch
as a magnet i c MRapayer exsow bi¢ igtentsd dm allopnreaded leschange-chupled fidms s ot at abl e
magneti c di sk 12 is#Y supported on a spi-ndle 14 and rotated by a disk drive
notor 18. The | &¢ FESOE ARG TBY GheOiuCaE i ked il f an
annul ar patterlﬁgo %%oogfcenf'rlgc }g’ata tracfks no[{ shomﬁﬁénﬂ‘dﬁh&'ﬂg&g’e
: 5 slightly to 120.0 Oe as the ambient temperature increases up to 160
degree C, and then decreases to 42.9 Oe at 400 degrees C. 1In contrast,
the HUA of the Ni-Fe/Fe-Mn films decrease linearly to 22.5 Oe at 90
degree C, and further to zero at 150 degrees C. When the layer
deposition sequence is reversed, the HUA of the Ni-Mn/Ni-Fe films at 80
10 degrees C is 32.2 Oe, lower that that of the Ni-Fe/Ni-Mn films but still

higher than that of the Ni-Fe/Fe-Mn films.

The data shown in Figs. 5 and 6 indicate that a thin film Ni-Mn layer
provides sufficient exchange coupling at an operating temperature of
approximately 80 degrees C to be utilized as the antiferromagnetic layer

15 in an MR sensor. The results described above indicate that the Ni-Mn
film deposited at a temperature of less than 100 degrees C and so as to
either overlay or underlay the Ni-Fe MR layer has a partially ordered
structure, iand ordering can be further achieved after gnneéling at a
relatively low temperature below 260 degrees C.

20 Figs. 7 and 8 jillustrate HUA versus annealing cycles and ambient
temperature, respectively, for 50.4 nm thfYick Ni-Mn and Ni-Mn-Cr films
deposited on 28.5 nm thick Ni-Fe films. Fig. 7 shows that the HUA for
Ni-Mn films containing 0, 6.4, 10.7 and 14.9 at% Cr after five annealing
cycles are 113.0, 78.3, 36.1 and 1.2 Oe, respectively. Fig. 8 shows that

25 the HUA of the Ni-Mn-Cr films monotonically decreases from 116.0 to 37.8
Oe as the Cr content increases from zero to 10.7 at%. The HUA of the
annealed Ni-Mn-Cr fiims, in which ﬁhe Cr content ranges from zero to 10.7
at%, is much higher and thermally more stable than that of the Fe-Mn
films (as shown in Figs. 5 and 6).

30 In order to determine the corrosion resistance of the various binary and
ternary alloy films, potentiodynamic scans were carried out in a 0.1 N
sodium sulfate electrolyte (pH = 7.0) for assessing atmospheric corrosion
‘resistance. Corrosion behavior of Fe-Mn, Ni-Fe and Co-Pt-Cr films were
also evaluated for comparison.

35 Referring now also to Figs. 9 and 10, Fig. 9 depicts potentiodynamic

scans of as-deposited Ni-Mn, Ni-Mn-Cr, Fe-Mn, Ni-Fe and Co-Cr-Pt films in



15 At least one slider 13 is positioned on the disk 12, each slider 13 _
Supporiting one or nore nmagnetic read/wite transducers 21, typically T
referred to as read/wite heads. As the disks rotate, the sliders 13 are
noved radially in and out over the disk surface 22 so that the heads 21 may
access di ffereghg-ppiozeons of 20 the disk where desired data is recorded.
Each slider 13 is attached to an actuator arm 19 by neans of a suspension ..

15 The suspengl 8t dosofidi! g, s1dc@Pd1y3R! | BokrbOidrepd¥ihEfn1Bi @ogs the

slider 13 against the disk surface 22, Each.actuator arm19.is attached to
an actuator negaygosien Wée'étc#ﬁ’éstlgfesnﬂ’ér‘ﬁf g’s‘:)s UrrRRECgSE thES) agemg Woi ce :
coil notor 25 (il0@Mfor filve Eddappsire. summneize@Ninctabde | ks belay. c PiFferenessbin
wWithin a fLX?chWQﬂ%hillfelhEbﬂ{;d,oﬁ Reridius Qﬁtﬁmraﬁdmyekmfﬂi&yscohramofoi I
nmovenents being contrplle the ory current s S | a
control | er. g&fg"lsﬁg“c?pg??élt ?%en;ég)f}_m t ﬁ{eﬁér sﬂ?ﬁgﬁact)?%gshsl g%er?f?#%gmr g? sa’ts?é?)rhcedf
the di sk 12 .geFher Bi-¥a Hidmgjexhihit, amdoirh Qetdnud/fca2 smpeiodover shap that of she
surface 22 30 resth ilexdi? s an/anphar Ghd deaenorontiéilg| dedeéases Tdoco aisr ukyeazi ng

thus counterbal Apges tOmeshd Hlresdd 09 1406 Gos O ThOIR1 SHS REN R GR-dP 31Nk
supports the slider 119 of f ~and sl |ght| abovgartagge&gﬁ:ssurfac% pgl tﬁesrml |,

thus exhibit much improved corrosion ¢ compare Fe-
10 Mn film and which are comparable to the corrosion characteristics for Ni-

Fe and Co-Cr-Pt films. This result is further confirmed from the i100

comparison of the various films, which provides the best method for

atmospheric corrosion comparisons.

EC ic 1100

15 SPECIMEN" (mV_vs SCE) (uA/cm2) fua/cm2)
Ni53-Mn47 -160 : 0.46 6.0
NiS0-Mn44-Cré +135 0.24 : 0.3
Ni47-Mnd42-cril +135 0.21 0.2
Ni45-Mn40-Cr1s +110 | " 0.18 0.2

i 20 Fe50-Mn50 - -1040 17.6 3000

Ni8l-Fel9 =75 0.02 - 0.08
Co77-Pt13-Cr10 -300 0.15 8.0

IABLE 1

A significant advantage provided by the use of an Ni-Mn antiferromagnetic

25 layer is the use of a lowYer annealing temperature during fabrication of
the MR sensor. While the as-deposited Ni-Mn film exhibits substantially
zero HUA, after only two annealing cycles the Ni-Mn films are
sufficiently ordered to provide the necessary exchange coupling. The HUA
induced by annealed Ni-Mn films is much greater than that induced by the

30 prior art Fe-Mn films. Since the Neel temperature of Ni-Mn is higher
than the Curie temperature of Ni-Fe, the blocking temperature exhibited
by the Ni-Mn/Ni-Fe films is close to the Curie temperature of the Ni-Fe
film, which is much higher than the blocking temperature of Fe-Mn (about
220 degrees C). It is expected that antiferromagnetic Mn-based alloy

35 films having a stable ordered AuCu-I type, fct, structure over a range of
compositions (for example, Ni-Mn, Ir-Mn, Pd-Mn, Pt-Mn and Rh-Mn alloys
comprising 45-60, 45-63, 36-52, 33-60 and 50-65 at% Mn, respectively)
will exhibit similar exchange coupling behaviors after annealing. Due to

their lower Neel temperatures, their blocking temperatures should be



suﬁstantially constant spacing during operation. SA9- 91- 078
6 The various conponents of the disk storage systemare controlled in
operation by control signals generated by control unit 29, such as access

control signals and internal clock signals

Typically, the control unit 29

conpri ses Iogi@“b@hﬂP@I circuits, storage fdans and a m croprocessor, 5 for
exanple. The control unit 29 generates control signals to control various

syst em oper at i péeesni Ghe dslodkingetempe ortucenbf (He-¥n gndNg-om filmse 2Brthrcmiread
position and sgpk cantrplctsh ¥Rah ThONrbip8ndfiaidd@r CoRL @, 1, OFRlafa OB, limne
28 provide the desir
sel ected sl i defddidiq : 1 N
Read and writ eablogadiaging dmpuonad fOELASEEN CharaTHeFiFbifsr ead/ Wi te heads 21 by
means of recordi ng channel 25. The above description of a typical magnetic
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di sk Storage SYSLEpncfith biigs 86 GAGPARY £ eldra!SibbinleRl o¥'a Fhih cLufhR T Or

representation purpo

10

15

- 20

25

30

35

on .
sensor 50 in accggdance with the principles of the present invention

comprises a substrate 45, a first spacer layer 47 and antiferromagnetic
layer 49 underlying the end portions 57 only of an MR layer 51 and a '
transverse bias layer 53 separated from the MR layer 51 by a second
spacer layer 53 underlying the central portion 59 of the MR layer 51.
The MR layer 51 which is formed of a ferromagnetic material such as
Ni81Fel9, for example, is attached to electrical conductors 55 and, in a
similar manner as described above with reference to Fig. 2, provides an
output current representative of the resistance changes in the central
portion 59 of the MR layer. The antiferromagnetic layer 49 is of an
antiferromagnetic Mn alloy having an ordered CuAu-I fct type structure,
preferably fct Ni-Mn, while the first spacer layer 47, referred to as the
underlayer, is of a'suitable'material, preferably zirconium (Zr), to
achieve a high and thermallyisﬁable HUA in the MR layer 51. This
inverted configuration, i.é., the antiferromagnetic layer underlying the
MR layer, provides an MR sensor 50 wherein the conductor leads 55 are
deposited directly on the MR layer in physical contact with the MR layer
as compared to the MR sensor described hereinabove with reference to Fig.
4 wherein the conductor leads are deposited over the antiferromagnetic
layer. The total thickness of the antiferromagnetic layer 49 and the
underlayer 47 should be comparable to that of the transverse bias layer
54 and the second spacer layér 53. 1In current prior art MR sensors
utilizing an Ni-Fe-Rh alloy for the transverse bias layer and Ta for the
second.spacer layer, for example, the thicknesses of the Ni-Fe-Rh, Ta and
Ni-Fe films are about 21, 20 and 30 nm, respectively. Hence, the total
thickness of the antiferromagnetic film and the underlayer should be

about 41 nm for current MR sensors, for example.

Referring now to Figs. 11 -~ 14, in order to provide an underlying
antiferromagnetic layer having the required exchange coupling
requirements and improved corrosion resistant characteristics when
compared to Fe-Mn antiferromagnetic films, various multilayered
Al203/X/Ni-Mn/Ni-Fe/A1203 films, where X is Au, Cr, Cu, Pd, Rh, Ru, Ta, W
or Zr, were deposited on glass substrates in the presence of a magnetic

field in a magnetron sputtering system under similar conditions as

T
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It shoul d be apparent that disk storage systens nmay contain a |arge 15
nunber of di sks and actuators, and each actuator may support a nunber of
.sliders. Referring now also to Figs. 2 and 3, a thin filmM sensor in
“accordance with the principles of the present invention conprises a

substrate 32,
35 and an 20

of a ferronagneLiGpeRtHREe Blabstchits riviedbielto Figs. 6xanpl eThé Fidhd achiednd o

sa%t91aft®erse bias |ayer 31, ¥ spacYer layer 33, an MR |aye

r

antiferromagnetic |ayer 39. The MR layer 35 which is forned

el ectri cal Condg,gtaggéig%&gﬁiwﬂivbﬂfc iag%ggfl&us Hh AR £1e T8 % oM RN sdoUbd

fromthe MR | & a
in the recor divsse erasHer Y5argcym SprRage ¥iekissbasecR

I 'gnal es_ a eparate SEHSIQ%SCIFCU

ERYFRHRE 3 &

“layer. The r aa édchnameahimgges-les che tewpotatwre wés dhargesd ito aphroximgiedlyi C

fields intefc

%g%gbxest BEWR d 3¥eltind pbE QA LECALNRIIMA! & 28 Lhesdraen@tl C
st orage nedi um 22.

I n order toriagsgret‘tehgite tt.ehea$/R ayer 3?. has_uni axi al
ani sot ropy th& S¥RY Pei-oMi§nY i@ Iaa9.e|}‘ 3PS o med of" MR TEYBFOE8° The
anti f er r omagnetitizedysimulpded ibpk iregdirgd fomt thechashbafiscef phaterasisdyimabe ng
an ordered Cufdbticayivh pidcess Wfetypliicl MR arebhdiadutive vetied eénsagonalrhd het )
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deposited antiferromagnetic films with underlayers of various materials
exhibit HUA values of less than 1 Oe. However, after .annealing, the HUA
values of Ni-Mn(25,2 nm)/Ni-Fe(28.5 nm) films with 21203, Au, Cr, Cu, Pd,
Rh, Ru, Ta, W and Zr underlayers achieve 21.6, 13.7, 18.7, 40.6, 12.6,
29.2, 34.9, 32.4, 18.4, 165.9 Oe, respectively. Only the films with the
Zr underlayer exhibit a substantially high HUA.

In general, the closest-packed crystallographic plane in the as-deposited
film lies parallél to the amorphoué substrate/film interface. The
nearest interatomic distance in this plane thus determines the
crystallographic-strﬁcture and texture of the subsequently deposited
£ilm. The Zr underlayer exhibits a hexagonal-close~packed (hcp)
structure (a=0.323 nm, c=0.515 nm and c/a=1.594). Its nearest
interatomic distance (0.323 nm) is much larger than that of the other
underlayer materials tested (0.288, 0.250, 0.256, 0.275, 0.269, 0.265,
0.286 and 0.274 nm for Au, Cr, Cu, Pd, Rh, Ru, Ta and W, respectively).
This largest interatomic distance appears to play a crucial role in the
improvement of exchange coupling after annealing. Because of the
similarity of its crystallographic structure to that of the Zr
underlayer, a Y underlayer which also exhibits an hcp structure {a=0.365
nm, ¢=0.573 nm and ¢/a=1.570) has been found to also provide strong
exchange coupling.

The strength of the HUA produced in the MR layer shows a strong
dependence on the thickness of all three deposited layers, the Zr
underlayer, the Ni-Mn antiferromagnetic layer and the Ni-Fe ferromagnetic
MR layer. Fig. 11 shows the HUA versus the Zr underlayer thickness (tZ)
for annealed Zr/Ni-Mn(25.2 nm)/Ni-Fe(28.5 nm) films. The HUA increases
from 21.6 to 165.9 Oe as the tZ increases from 0 to 24.3 nm, and then
remains substantially unchanged as the tZ is further increased. Fig. 12
shows the HUA versus the Ni-Mn thickness {(tNM) for annealed Zr(24.3
nm)/Ni-Mn/Ni-Fe(ZB.S.nm) films. The exhibited HUA is less than 1 Oe for
tNM of thickness up to 8.4 nm. 1In contrast, the HUA values increase to
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structure, preferably Ni-M. The antiferromagnetic |layer 39 creates an -
-interface exchange coupling with the ferromagnetic MR | ayer 35. This
Tesults in a |ongitudinal exchange bias field (HUA) in the MR layer and 35
creates a single magnetic domain in the I\/Rfayer 35. The existence of a
singl e magnet i EAYGHEPTR state in the MR | ayef i s essential to suppress:

Bar khausen noi se which is associated.with MR materials which exhibit o
mul ti pl e magnesoss,dommizn 56529 esd 165. 5A8- k- OFBof 12.6, 16.8, 21.0 and 25.2 nm, 7

- The transver Serbéﬁétim';r Fie mﬁnvaraeymyadémes@tslgs tinelid iRt eckgesaral |y
. per pendi cul ar Qg gg Ep %{%As‘perggs t?'FI l_ggﬁtthyc}%{m%négj}g P%ggg%c field in

the MR | ayer 35% I'on _non-p
transverse bi asml‘/lNéT’ﬂ’(ﬁﬁt%f“aVﬁ'é Tenélm -] Lk the exgeptipn pfayery siBnEd fode 5
such that the geds ehdin apirpuinatelye $sEntm, atHeyHUR Varniearrofighlet limeaxdly viwh

resistance cha?,r@]aﬁ ThE duadDRVEESS BihS38.3VES 6680l Ge 36PHLRT;d ra@@%etagstR

| ayer 35 by a nonmantlcsacer | ayer, such astantalum
y y from 118.5 %? P y (

The 1/dNF characteristic for HUA as a function of the MR layer thickness
indicates that Zr(24.3 nmm)/Ni-Mn(25.2 nm) films deposited under 30 and 15
10 nm thick Ni-Fe MR layers achieve HUA values as high as 157.6 and 315.2
Oe, respectively. Consistent with the requirement that the total
thickness of the antiferromagnetic layer and its underlayer be comparable
to that of the transverse layer and its spacer, annealed Zr(20.2 nm)/Ni-
Mn(21.0 nm)/Ni-Fe(30.0 nm).and Zr(6.1 nm)/Ni-Mn(21.0)/Ni-Fe(15.0 nm)
15 filﬁs, for example, provide an HUA as high as 111.7 and 249.2 Oe,
respectively. While a tZ of only 6.1 nm provides a relatively high HUA
a further decrease in tNM results in a sharp decrease in HUA. For
example, annealed 2r(6.1 nm)/Ni-Mn(12.6 nm)/Ni-Fe(15.0 nm) films exhibit
an HUA of 52.1 Oe, which, while substantially lower, is suff1c1ently hlgh
20 -enough for longltudlnal biasing.

Fi§. 14 shows the HUA versus ambient temperature for annealed Zr(24.3
nm)/Ni-Mn/Ni-Fe(28.5 nm) films for selected tNM of the antiferromagnetic
layer. The HUA for the 25.2 nm thick Ni-Mn film further increases to
182.2 Oe as the ambient temperature increases to 160 degrees C and then
25 monotonically decreases Yto 1.7 Oe at 400 degrees C. For Ni-Mn films as
thin as 12.6 nm, the HUA at 160 degrees C is still as high as 55.1 Oe.
Thus, as can be seen from the data shown in Fig. 14, use of an Ni-Mn
antiferromagnetic layer with an underlayer of 2Zr provides the required
thermal stability at and above the typical operating temperature of 80
30 degrees C for an MR sensor.

Although both Ta and Zr underlayers have been used in the first and
second embodiments of the present invention as described above to provide
high exchange coupled bias fields, it is to be noted that bilayered Ni-
Fe/Ni-Mn and Ni-Mn/Ni-Fe films without underlayers exhibit exchange

35 fields high enough to provide sufficient longitudinal biasing. In
particular, an increase in Mn content in the antiferromagnetic Ni-Mn £ilm
significantly increases the exchange coupled bias fields in the absence

of any underlayer. For example, when the Mn content is increased to 54.4
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for exanple. As is known in the art, the transverse bias fjeld can be . _

provided by shunt biasing, soft filmbiasing or permanent magnet biasing. =

10 Referring now also to Fig. 4, in a second enbodi ment of the MR sensor

. according to the pre invention, to proyde a patterned |ongitudinal

bias field, th& %ﬁtllqgrrorragnetl C Iayer IS 1form::d in two separate end

. portions 41 deposited over the end regions 42 only of the MR | ayer 35. The.

- antiferromagneats, hoyaledditiedAs. M!!mm“edm(éldnnmﬁml NitMnd3byTdnmi/yiohed 285

- only of the M, n Bf@iméﬁlimuﬁmna&@apemexlﬁlbdt leRENMGE cddpld bize MR1bawer 35 -

~in asingle dog'ﬁéafé 3 L 35L& JH%S?%@G%@{J%&@HYO”Bﬁqns&dleéénay ﬁﬂist bARSs 4l

ection re
| responsive to ﬁﬂt"@r‘é‘@ﬁﬂ’é‘(f ﬁ%@l’fgﬁ‘(’f 9998 errregiogr Jeriderittdfient signal as a

function of the resistance changes in the central region 44 of the MR 20
:cayle{j ]?»5 }Ee {;ﬁ@t tl p df@&h@gnééh&f:n Eﬂae ﬂ\é&b&yﬁ{&ﬁﬁ? EneRRdndNdeerieadi rect
ie romthe udi nal _bi a
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coupling al ong “1 nai n sta M regions 42
i nduce a singl éthGrr%hlﬂl &t"ethiena‘tthéh Ftriges ch#fiash ‘4‘4f‘b‘1‘“ pib deAR 4 Ay be
Transver se bi afadeayitaredd witlpnit ddpaatingafronctieesiiirdts, Bcededand) t@drhit@f the

central portiog,4d:if. MbAdiAglyIe ke RhvetlifiPhidedR dilcoskl NRAko be
10 considered merely as illustrative and limited in scope only as specified
in the appended claims.
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response node. A conprehensive description of prior art
t,0 that shown in Figs. 2 and 3 in which the antiferromagmlm ﬂgm Hﬂmﬁy
be the garma phase of Mh alloys and alternative enbodi mnents arev priovisde

~the above- n’if rz ced U S. Pat. No. 4, 193,315. A prior art MR sensor
havi ng antlfersf‘a IR i ¢ | ayer portions of -Fe simlar to the MR sensor

- shown in Fig. 4 is described in comonly aSS|gned U S Pat. No. 4,663,685
~to Tsang. In order to understand the rande2BE naterial and operational 35

' characteristics inherent in an MR sensor having an antiferronmagnetic |ayer o

" conprising fct, N - Wit ol Qe Y0 Uealt ehads! bmth@n@?@dlasiﬁdmtmeﬁ qker e
prepared in a netron sglg rln 5L{j_emln n“ﬁhmﬁa netic field of
appr oxi matel y ‘Eﬁ f@ém'ﬁgﬁ ?—teg gbv3 SA9- 91- 078
8 targets of zemm¢nsa;‘e@rrée@r°mameélm'éaertlal cfebdé?ﬂ’ﬁcmlat ﬂpwév@@aremms-
§ field in the ferromagnetic layer wherein said antiferromagnetic layer
conprises an alloy of manganese (Mn), at least a portion of said Mn alloy
layer having a face-centered-tetragonal (fct) structure.

2. A magnetoresistive read sensor as in Claim 1 wherein said Mn alloy

comprises a nickel-manganese (Ni-Mn) alloy.

i0 3. A magnetoresistive read sensor as in Claim 1 or 2 wherein said Ni-
Mn alloy comprises a composition within a range of about 46 to about 60

atomic percent Mn. .

4. A magnetoresistive read sensor as in Claim 1, 2 or 3 wherein said
magnetoresistive ferromagnetic layer is an alloy comprising nickel and
15 iron. '
. i
5. A magnetoresistive read sensor as in Claim 1, 2, 3 or 4 wherein
said Mn alloy comprises a ternary alloy of nickel, manganese and a
selectYed corrosion-resistant material.

6. A magnetoresistive read sensor as in Claim 5 wherein said selected
20 corrosion-resistant material is selected from the group consisting of

iridium, platinum, rhodium, ruthenium, titanium and zirconium.

7. A magnetoresistive read sensor as in Claim 5 wherein said selected
corrosion-resistant material is chromium (cr).

8. A magnetoresistive read sensor as in Claim 7 wherein said ternary
25 alloy comprises Cr in the range of from O to 11 atomic percent.

9. A magnetoresistive read sensor as in Claim 1 wherein at least a
portion of said antiferromagnetic layer comprlses Mn being in a theta
phase.

10. A magnetoresistive read sensor as in Claim 1 wherein said Mn alloy
30 is selected from the group consisting of nickel (Ni), iridium (Ir),
palladium (Pd), platinum (Pt) and rhodium (Rh) alloys of Mn.
—_—
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Fel N -Wn/ Ta and Ta/Ni -Fe/ Fe-Wn/Ta filns on gl ass substr stem -
ower denS|ty and system pressure were fixed at 3.2 Wi CI MM Hm'rm,ﬂ
Torr, respectively. Ta, N -M and Fe-M filnms of 22.0, 50

in thickness, respectively, .were DC magnetron sputter-deposited with an *
argon (Ar) press§A®93f078 x [err] Torr and a plette rotation speed of 30
RPM In addition to the sane deposition paraneters, an RF substrate bias of.

-80 volts (V) wagjusefl faghetdpesitiviagasd samsos st LreC1aRD 06 ivheé¥in0daid 188 ad1dym

thick Ni-Fe film I\Mlgége@y@;oﬁdt@t g%buemlm)@w N-mdh 06 Fee ré’QWz‘ pnd

tif t I t the N -
et Gatsh b g PRELE 00, B b oy 2374 80Pl o s ohioss O

magnet ron cosput S&r i33gto B0 Nrd\NIP &0 P SpuresPertivelygettonin pevagatl Mner nary
Ni - Mh- Cr based alloys for the antiferromagnetic |ayer. The povver density

et A S\ £ ind BB R0 sk b iR BB B e OISR S

15 in the N l'ms W hereasyma
~aligned with a nalHEE ©"PriBd0f approxi mately 800 Ce were anneal ed at
3x10-5 Torr in aahawdsyezke bias laped deprasdbed bn \ves@ishestle; Ng cycl es were

acconpl i shed to sﬂ.auh,aetreof e giitelayigsivwt fmf,@kdaa&% WA EREES adffols §  HLGHULL 13
the fabrication gransversealyi%rs iaygy,Ctsla\J\./g tjgrromagneI:Lc layerpDLelng separated from said

10 transverse bias layer by a nonmagnetic spacer layer; and
the layer of antiferromagnetic material being deposited over and in

direct contact with said ferromagnetic layer.

13. A magnetoresistive sensor as in Claim 12 wherein said
magnetoresistive ferromagnetic layer comprises end regions separated by a
15 central region, said antiferromagnetic material being deposited over and
in direct contact only with said end regions of said ferromagnetic layer,
said central region beiﬁg responsive to intercepted magnetic fields for
generating a signal representative of resistance changés in said central

region.

20 14. A magnetoresistive sensor as in Claim 13 further including
electrically conductive leads deposited over said end regions of said

magnetoresistive layer.

15. A magnetic storage system as in Claim 12, 13 or 14 further
comprising an underlayer deposited on said substrate and underlying said

25 antiferromagnetic layer.

16. A magnetic storage system as in Claim 15 wherein said underlayer is

of a material having a hexagonal-close-packed crystallographic structure.

17. R magnetic storage system as in Claim 16 wherein said underlayer is

selected from the group of materials consisting of 21rcon1um (Zr) and
30 yttrium (¥)-

18. A magnetic storage system as in Claim 15, 16 or 17 wherein the
combined thickness of said antiferromagnetic and underlayer layers is
substantially equal to the combined thickness of said transverse bias and

nonmagnetic spacer layers.
_______________________
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20 structures prepared in accordance wth process wer

reasure the exchange bias field, HUA in the Ni-Fe MR IHMMUMMMHM -
paranmeters and the corrosion resistance of the antiferr

El ectron m croprobe analysis shows that the DC magnetron N -M film
contains 46.7 gu9-9410A8 Both X-ray diffract ?Z)n patterns and transm ssion 25
el ectron m croscopy m crographs show-a Mh alloy having a fct structure.
Referring now gl so a Radrie@Sc sbordie sysaed a8, inFChsim ¥ ahtefin isalidismaatiayedIA for
t he various styucture u ngal I and anbi ent or operating -~
t enperat ure, {eaé’ ectl eﬁ\égg%fg?ﬁgogﬁz%rpn&tnﬁ?{"gégﬁ -Wn and 12.6 nmthick Fe-Wn
films. The HUA of as- dep05|ted Ni -Fe/Ni-Wn filns is 30 approximately 4.5
Ce, nuch | owerzot.hamk timetdf storagde mysfienp@siireflaim- eyrrreintsald [Zypsunderlayer

" (approxi mat el ¥,,38s 4hCnes ey thd RenddUSe &f.1 traetdNize Fehdi - Mh fil ns sharply
increase to 28.7 Oe after- one annealing cycle and further increase to 113.0
Ce after five annealing cycles. Wile increase.in the HJA i s observed at

" hi gher annell i2lg t @npratif storage st A %Lﬂaﬁﬂrz%gherﬁ?’héﬁf%al
~applications ismtbfsracneedetis bavecatdmpyises & dapar af Mek¥n wavingme tthichnasge

typically utiljized &R hh& BRQR0E af 86 28aF dmbake process, for exanple, at a
. tenperature | ess than 260 degrees C. In contrast, the HUA
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of*the NL-Fe/Fe-Mi films only slightly increases to 40.4 Ce after five -
.anneal ing cycles. Wen the deposition sequence of the |ayers is 40
*reversed; the Ni-Mi/Ni-Fe films exhibit an HUA of 32.4 Ce after five
SA9-91- 078 9 annealing cycles, while no exchange
coupling i 5 of38re@’&ith the Fe- M/ N -Fel§ilns. Additionally, no change
in the magnetic nonent of Ni-Fe MR |ayer can be detected in all annealed -
exchange-coupl ed filnms. The data of Fi g.apérmlgew t hat t he HUA -of the

Ni-Fe/Ni-Wh filnms increase 5 slightly to 120.0 Ce as the anbi ent =
tenperature increases up to 16& degree C, .and t hen decreases to 42.9 Ce at.
400 degrees C. |n cont r JBCNETORESISTRVE, BF R 16 ANTLEERROMAGNETIGlocr ease

linearly to 22.5 CGe at 90 degree GL_Hmd;Lumﬂﬁﬂg_ﬁnmiero at 150 degrees C
When the | ayer deposition sequence is reversed, the HUA of the Ni-M/N -Fe

films at 80 10 degrees C.is 32.2 Ce, |ower that that of the N -Fe/N - MW
films but st|II hi gher than that of the N -Fe/Fe-M fil ns.

A magnetoresistive (MR) sensor comprising a sputtered layer of
5 ferromagnetic material and a sputtered layer of antiferromagnetic nickel-
manganese (Ni-Mn) to provide an exchange coupled longitudinal bias field
in the MR element is described. The ahtiferromagnetic layer overlays the
MR layer and may be patterned to provide the longitudinal bias field only
in the end regions of the MR layer. Alternatively, the antiferromagnetic
10 1layer can underlay the MR layer with a 2r underlayer to enhance the
exchange-coupled field. As initially deposited, the Ni-Mn layer is face-
cehtered-cubic and exhibits little or no exchangercoupled field. After
. one annealing cycle at a relatively low'temperature, the Ni-Mn layer is
face-centered-tetragonal and exhibits increased crystallographic ordering
15 and provides sufficient exchange coupling for the MR element to operate.
Addition of chromium to the Ni-Mn alloy provides increased corrosion

resistance.
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;T{(; data shown in Figs. 5 and 6 indicate that a thin filmN -M |ayer -
"provi des sufficient exchange coupling at an operating tenperature of
approximately 80 degrees Cto be utilized as the antiferronmagnetic |ayer 15
in an MR sensor. The results described above indicate that the Ni-M film
deposited at a tenperature of |ess théﬁsloo degrees C and so as to either
overlay or underlay the Ni-Fe MR |ayer has a partially ordered structure,
and ordering can be further achieved after annealing at a.relatively | ow :
t enperature bel ow 260 degrees C. 20 Figs. 7 and 8 illustrate HUA versus -
anneal i ng cycl-es and anbi ent tenperature, respectively, for 50.4 nmthfYick
Ni -Mh and Ni-M-C filnms deposited on 28.5 nmthick Ni-Fe films. Fig. 7
shows that the HUA for Ni-Mh filns containing O, 6.4, 10.7 and 14.9 at% Cr
after five anmg_gycles are 113.0, 78.3, 36.1 and 1.2 Ce, respectively.
Fig. 8 shows tjhat 25.|the HUA of the Ni-M-Cr f.ilnsIdeqotonically decreases.

- from116.0 to [37.8 Celas the O coR eaﬁmN@crecses fromizero,fo 10.7 at%
The HUA of 't hg anneal ¢ ! i ont'ent ranges from
zero to 10.7 ft% is ruch hlghe "mally nore s e than that of the

i Fe-Mh filnms (gs shown 6) '
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30 In order to determne the corrosion resistance of the various binary an

~ternary alloy filns, -potentiodynam c scans were carried out in a 0.1 N

sodium sul fate electrolyte (pH = 7.0) for assessing atnospheric corrosion
resi stance. Corrosion behavior of Fe-Mi, Ni-Fe and Co-Pt-Cr filns were al so
eval uated for conparison. 35 Referring now also to Figs. 9 and 10, Fig. 9
depi cts potentiodynam c scans of as-ZZ@osited Ni -Mh, Ni-M-C, Fe-M, Ni-Fe
and Co-Cr-Pt films in SA9-91- 078 ' ' 10 an 0.1 N_
sodiumsul fate el ectrolyte. Corrosion potentials (Ec), corrosion current
densities at Ec (ic) and current densities at 100 nV (i1 OO for the filns
are summarized in Table | below Differences in_corrosion behaviors of
various Ni-M-Cr fINns exhibit Ec nme Jﬁtﬁq@ itive than the Fe-WMh

films, indicating e — OO StO esi stance. The Ni-Mh filns exhibit an
ic of 0.46 uA cn?, h. | ower t-han thatNof the Fe-Wh filnms (17.6 uA/[err]).
The ic nonot oni cal tecrgases to 0.18 uMed? TRANSVERSE BIAS LAYER
N N
*\ XJJ SPACE LAYER
\
A AN \2/35 MR LAYER
i 20 AN . hY :
- AN N HuA 4
\\ ‘ \\
37 N ,/39
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as the Cr content

increases to 14.9 at% The Ni-Mr and N-M-Cr filns thus

exhi bit much inproved corrosion characteristics conpared to the Fe- 10 MW
filmand which are conparable to the corrosion characteristics for N - Fe

and Co-Cr-Pt filnms. This result is further confirnmed fromthe i100
conparison of the various filng,,which provides the best nmethod for
at nospheri c corrosi on conpari S(;{§. EC iC

i100 15 SPECI MEN . «(nV vs SCE). (uA/ cnR)

(uA/Terr]) Ni 53-M47. - 160 : - 0.46 -
6.0 N 50-Vn44:Cr6 +135 . Q.24 . 0.3
Ni 47- Mn42-Cr11 - +135 0.21 0.2

Ni 45- V\n40- Cr 15 +110 0.18 0.2 20
Fe50- vn50 Es 1040 17 3000

Ni 81- Fe19 7~ 95 : 0.0
Co77-Pt 13-Cr

significant
| ayer is the

il —30p —U. 15 _ 8.0 TABLE 1 A
+|-d-e-d—by—t-h-e-«s&-©$-—ao—ﬂ1,|\59 antiferromagnetic 25
se of a |owYer annealing tenperatufle c%.ri ng fabrication of

B
3—33
J—31

F/G.

42 14
ya, Q

D
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the MR sensor. \Wile the as-deposited Ni-M filmexhibits substantially
zero HUA, after only two annealing cycles the NN-M filns are sufficiently ~
ordered to provide the necessary exchange coupling. The HUA i nduced by
annealed Ni-ivn films is nmuch greater than that induced by the 30 prior art
Fe-Mn filnms. Since the Neel tenperatgr of Ni-Mi is higher than the Curie
tenperature of N -Fe, the blocking t %gerature exhi bited by the Ni-M/ N -Fe
films is close to the Curie tfenperature of the Ni-Fe film which is nmuch
hi gher than thg DIrockinig tenperature or Fe- vh (apout 220 degrees JO). It is
expected that pntiferronmagnetic Mi-based alloy 35 filns having a|stable
ordered AuCu-1|type, pctNi—keMicMore over a range of conpositions |(for
exanpl e, Ni 188F 1r- My Ri-bh/NiPfevh and Rh-Mh al | oys conpri si ng 45- 60,

45- 63, 36-52, B3-60 apdNpOF&FeatMw Mh, respectively) will exhibit |sinilar

exchange coupl | ng behaviors ‘after annealing. Due to t | ower el
tenperatures, pheir blocking tenperatures s e. SA9- 91- 078
11 )
“@ 80 -
£
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= —
pu ol
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Petween the bl ocking tenperatures of Fe-Mh and Ni-M filns. Furthernore,

el ements selected fromthe group including Ir,
addition to Cr,

al I oys having i nproved corrosion characteristics.
10, a second enbodi nent of a thin fs/an MR sensor 50 in accordance wth

nprise
/1 O

Fi g.
ithe pri
(spacer

nci pl es of the present invention co
| ayer 47 and j i

Pt, Rh, Ru, Ti and Zr, in

are expected to be suitable additives to formternary M

5 Referring now also to

first
rtions *
omthe _

57 only of an MR Iaxﬁrc&ﬁe@p@déétfanévefsé biésiléQer SBvsepérétéd—f
MR layer 51 by a.gecond R0qg spacer layer 53 underlying the central

159 of the MR |g
‘mat eri al
conductors 55 a

yFig. 2, provides g

'in the central
49 is of an ant
: structure,

to

1

such as

prgf 804

'to as the und®&layer, is of a suftable material,

prtion
heti c

S p
| ayer 51 which is forned of a ferromag

i81Fe1§,6 or exanple, is attached to electrical

in-a @ b.7ar manner as descri bed above with refer
out pwt 140rrent representative of € resistance_
15| portion 59 of the MR —The antiferromagneti
i ferromagnetic Mh afToy having an ordered CuAu-I fct
bly fct N -M, ile the first spacer |ayer 47, rej
preferably zirconiu

51. The

bnce to
changes
C | ayer
ype
erred

m (Zr),

nd

40
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sachieve a high and thernally stable HUA in the MR layer 51. This 20 ,
“i nvert ed configuration, i.e., the antiferromagnetic |ayer underlying the MR
| ayer, provides an MR sensor 50 wherein the conductor |eads 55 are
deposited directly on the MR | ayer indgh sical contact with the MR | ayer as
_conpared to the MR sensor described h Agnabove with reference to Fig. 4
wherein the conductar |eads are deposited over the antiferromagnetic 25

' layer.  The total thickness of the antiferronagnetic |ayer 49 and the

~under | ayer 47 shoul d be conparable to that of the transverse bias |ayer 54 -

. and the second spacer layer 53. In current prior art MR sensors utilizing

“an Ni-Fe-Rh alloy for the transverse biias |ayer and Ta for the second

: spacer l-ayer, for exanple, the thicknesses of the N -Fe-Rh, Ta and 30

. Ni-Fe filns are about 21, 20 and 30 nm respectively.  Hence, the total

. thickness of the antiferromagnetic film and the underl ayer shoul d be about

. 41 nmfor current MR sensors, for exanple. Referring nowto Figs. 11 - 14,

L in order to provide an underlylng antiferromagnetic |ayer having the

- required exchdn@e—eeupting—_85—reyurTenents_and I npr oved tbtrdsion’
. resistant characteristics when conpared to Fe-Wnh antiferromagnetic Hil ns,
various multilaygred Nr—Mn Cr
0.5 i
| //CO-Cr—'Pt
Wooo = | g
w =S =D :
g’ - ‘—\\. —
Z
=051 /
2 %"
B B Fe-Mn _ .~
i =z e ————
'5 -1.0} TTT=C
a
, | . v 1l L e N R | 1 t ol ! lll
0.001 0.01 0.1 1 10 100 1000

CURRENT DENSITY, i (UA/cm? )

FIG 9



i ' |
Ferr] filns, where Xis Au, C, Cu, Pd, Rh, Ru, Ta, Wor Zr, were deposited
on gl ass substrates in the presence of a magnetic field in a nmagnetron

sputtering systemunder simlar conditions as

12 descri bed hereinabove wth reference to Figs.
easy axis of the Ni-Fe filmaligned with ay
were anneal ed in a vacuum furnace wth a baSe pressure of 3 x 10-5 Torr.

ieach anneal i ng cyﬁb , the tenperature was increased to approxinmately 5 240 -

SA9- 91- 078

5 - 10. The filns with the
gnetic field of about 800 Ce
In

‘degrees C over a Set|time perliod and faintai néd at 240'- 260 debrees Clover
‘a set tinme period ang then decreased. The annealing process utilized =
‘sinmul ated that requifjed for the hard bake of photoresist in the fabricdtion
process of typicagoMR read/inductive wit® sensorsm-The-as-—geposited —
antiferromagnetic fifns with underl ayeis/of various materials 10.exhi bijt
HUA val ues of less tlhhan 1 Oe. Howeveys after annealing, the HUA val ues.{of
"Ni-M1(25,2 nm)/Ni -Fej(28.5 nm fil with A1203, Au, Cr, Cu, Pd,
120 /' -
"o /-l
) _ n _
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= 80 | -
- ]
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F B
s Rh, Ru, Ta, Wand Zr underl ayers achieve 21.6, 13.7, 18.7, 40.6, 12.6, _
29.2, 34.9, 32.4, 18.4, 165.9 Ce, respectively. Only the- films with the Zr

under| ayer exhibit a substantially high HUA. 15 In general,

t he

cl osest - packed crystal |l ographic plane in the as-deposited filmlies
parall el to the anorphous substrate/fiIg\'nterface. The nearest interatomc

distance in this plane thus determ nes t

texture of theéaabsequently“depbsifed film The Zr underlayer exh

e crystall ographic structure and .
its a

hexagonal - cl.os
c/a=1.594). Its pearest i
than that of the pther under
0.275, 0.269, 0.2B5, 0.286 and O,
‘W respectively).
crucial role int
Because of the-si
Zr underl ayer,- a

ne 25 i nprovenent of
mlarity of

pgcked (hdp)T 207 Etfcturd (&a=0. 828l c=0. 515' nlr
teratom c distance (0.323 nm
r materials tested (0.288, 0.250, . 256,
B nmfor Au,

| Thi s | ar gest inte?h{;;ic di stance appears to play a

and
i.s nmuch Har ger

Cr, Cu, Pd, Rh, Ra, Ta and

change coupling after annepling.
its crystaly
- under | ayer whi ch al so

nm ¢=0.573 nm angl c/a=1.570) has been fou

of the

graphic structure to thaf _ |
&ﬂbits an hcp structuref (a=0. 365

to al so provide stronp

exchange coyflin '
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30 The .strength of the HUA produced in the MR | ayer shows a strong
dependence on the thickness of all three deposited |ayers, thegsdfoors-7 cfos
underl ayer, the Ni-M antiferromagnetic |layer and the N -Fe ferromagnetic
MR |l ayer. Fig. 11 shows the HUA versus the Zr underl ayer thickness (tZz) for
annealed Zr/Ni-M(25.2 nm/Ni-Fe(28.5 n filnms. The HUA increases 35 from
21.6 to 165.9 Ce as the tZ increases froMi0 to 24.3 nm and then renmains
substantially unchanged as the tZ is further increased. Fig. 12 shows the
HUA versus the Ni-M thickness (tNM for anneal ed Zr(24.3

nm /N -M/N -Fe(28.5 nm filnms. The exhibited HUA is less than 1 Ce for tNM

of thickness up MAGNETORESISTEVE SENSOR HAVINCPAYITFBRROMAGNETIC

SA9-91-078 LAYER FORERCHANGR®BIAS 155. 9 and 165.9 Ce for
tNM of 12.6, 16.8, 21.0 and 25.2 nm respectively. The HUA sharply :

decreases as tNMis further increased. Fig. 13 shows the HUA versus the

Ni -Fe thickness (tNF) for Zr(24.3 nm/N -I\/h(25 2 nm/N-Fe films. Wth the

exceptio thin fil ns,
A magnetoresistive (MR) sensor comprising a sputtered layer of ferromagnetic material and
a sputtered layer of antiferromagnetic nickel-manganese (Ni-Mn) to provide an exchange
coupled longitudinal bias field in the MR element is described. The antiferromagnetic layer
(39) overlays the MR layer (35) and may be patterned to provide the longitudinal bias field
only in the end regions of the MR layer (35). Alternatively, the antiferroinagnetic layer (39)
can undeﬂay the MR layer (35) with a Zr underlayer to enhance .the exchange-coupled field.
As initially deposited, the Ni-Mn layer is face-centered-cubic and exhibits little or no
exchange-coupled field. After one annealing cycle at a relatively low temperature, the Ni-
Mn layer is face—centred—tetragoﬁal and exhibits increased crystallographic ordering and
provides sufficient exchange coupling for the MR element to operate. Addition of

chromium to the Ni-Mn alloy provides increased corrosion resistance.

Fig. 2
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nof° PREEAMR.

S less than approxinmately 2.5 nm
1/t NF. The HUA
118.5 to 2.5 n eristic for n

| ayer thickness]i-n 24.3 ng)/ Ni - (égé?“nrr) - Fidetrs--dpBageded-
under 30 and 15 e MR |l ayers achieve HUA vaI ues .as hi gh as
157.6 and 315.2 Ce, respectivelry: Consistent witH hOF B EIE'FE. t‘ﬂa.t the
total thamleaking puicessy significant interdiffisioni @cu@yeérth%maerchg 06 RFye :

e
][5?‘{)%'; i Z"g‘i‘? ep@raol\llll\j : e Wg?‘;a@ri OEFFW% gﬁﬁ er’%lfhé |av|%1f) T}g PRGRUIIG,
ggr\ialcjgd V4 E‘B‘%iﬁ’ﬁna m%eyﬁdsﬁr%(@gg ﬁ%ﬁﬁu+ Egﬁgxk EthMIgry*%A%gP

%é&n ‘Mp[lheein F@Qﬁﬁh' ?ﬁdvé@er Odfo tﬁnﬁm&&ééragéggcﬂ% %]gﬁét@m%&en?af)ﬂﬂh

for | ongi a bi"asi sho’vvs ent tenperature

for anneg)ﬂggelﬁ)f 20 tlﬂ:”&tﬁél‘ tha/ MiteF @fetfen®, B0h &J CFEIrf P, REhEE RAJ foN\Maaipld,he

ant i ferromagne I C
have been added to the Fe-Mn alloy layer in order to improve its corrosion res1stance

C}Yomonly assigned U.S. Patent No. 4,755,897 to Howard discloses an improved MR sensor
having an antiferromagnetic layer comprising an alloy of Fe, Mn and Cr. In particular, by
adding 4.5 at% Cr to a 30 nanometer (nm) thick Fe-Mn film, the corrosion current density (ic)
in an aerated 0.1 N sodium sulfate electrolyte decreases from 8 to 2 uA/cmi, and further
decreases to 0.5 uA/cm?2 after annealing the uncoated film in air for one hour at 150 degrees
C. However, the addition of the Cr decreases the strength of the HUA to only 16 Oe at room
temperature, and further to about zero at 80 degrees C.
SUMMARY OF THE INVENTION

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

According to one aspect of the present invention there is provided a magnetoresistive
read sensor of the type haﬁng a layer of antiferromagnetic material in direct contact with a
layer of magnetoresistive ferromagnetic material for inducing a longitudinal bias field in the
ferromagnetlc layer wherem said antrferromagnetlc layer comprises an alloy of manganese
(Mn), at least a portion of said Mn alloy layer having a face—centered—tetragonal (fct) structure.

According to another aspect of the present invention there-is provided A magnetic
storage system comprising: a magnetic storage medium having a plurality of tracks for
recording of data; a magnetic transducer maintained in a closely spaced position relative to “
said magnetic storage medium during relative motion between said magnetic transducer and
said magnetic storage medium, said magpetic transducer including a magnetores1st1ve sensor
formed on a substrate comprising: a layer of antlferromagnetrc material in dlrect contact with

a layer of magnetoresistive ferromagnetic material for inducing a longitudinal bias field i in the
This is the replacement gheet
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| ayer. The HUA for the 25.2 nmthick Ni-M filmfurther increases to 182.2
Ce as the anbient tenf to 160 degrees C and then 25 .
nonot oni cal | y decr eage 00 degrees C. For Ni-M filnms as
thin as 12.6 nm the [HUA aRERIﬁf(EEgegree, @is still as high as 55.1 Ce.
Thus, as can be seen from the data—skeédn in Fig. 14, use of an Ni-M
antlferromagnetlc | ayer with an underl ayer of Zr provides the re UI red
t her mal Eredmagnetic Aayeanwhaméaldh@txfgrmra@gneafaéaw |°ﬁ§1Pf1é‘?Fpé‘P allgy ©

e I S AR 0T R U RO
oo bed Al St B “wﬁé@ﬁ%mwﬂf& o

hi b
bi asi ng. SRR RS on iE SinBlO BoRE Rk BN é’%?sa%{eﬁgbgﬁﬁ llfngé}ggrmgnetlc |
Ni- M i LIRSt 98t fd yrésﬂs @S@ﬂ%ﬁ%nf&e n?;‘\sh% n@%isﬁ% bina@ribl §bGontive tide

absence 0 any underl afer. exa content Is inCreased to
54. 4 magnetic " fields representative of data bits recorded in sa1d magnetic storage medium

intercepted by said magnetoresistive sensor.
| According to still another aspect of the present invention there is provided a magnetic
storage system comprising: a layer of magnetdresiStive ferromagnetic material deposited on a
~ substrate; and a layer of antiferromagnetic material deposited on said substrate and underlying
said magnetoresistive layer, said antiferromagnetic material comprising an alloy of Mn, at least
a portioﬁ of said antiferromagnetic layer being th'éta phase Mn having a face-centered-
tetragonal (fct) structure, said antiferromagnetic layer for providing a longitudinal bias field in
said magnetoresistive layer. _
According to yet another aspect of the présent invention there is ;irdvided a method for
faﬁricating a magnetoresistive sensor having a layer of antiferromagnetic material in direct
- contact with a layer of magnetoresistive ferromagnetic material for inducing a longitudinal bias
.ﬁeld in the ferromagneuc layer, said method comprising the steps of: depositing a layer of
magnetoresistive ferromagnetic material on a substrate; depositing a layer of antiferromagnetic
material on said substrate in direct contact with said magnetoresistive layer, said
antlferromagnetlc material being an alloy of manganese (Mn), and annealing said depos1ted
magnetoresistive and antlferromagnet:lc layers for ordering the crystallographlc structure of
said antiferromagnetic layer to provide a Mn alloy having a face-centered-tetragonal (fct) -

structure in at least a portion of said antiferromagnetic layer.
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SA9- 91- 078 14 at% annealed N -Fe(28.5

nmM /N -M(31.7 nm and N-M(31.7 nm/N -Fe(28.5 nm filnms w thout
under | ayers exhi bit exchange coupled bias fields as great as 79.0 and 80.2
Oe, respectively. In addition, the NN45.8 Wn54.4 filnms continue to exhibit
good corrosion characteristics. 5 Wile the present invention has been

particularly shown and descii bed wth referen nbodi nment s
“thereof, it will beDIREHON RW@)M@)@@&%( vari ous
changes in fgrm.and detali.l e t ho de arti. n m t.he
Cspirit, jscopgilﬁlfﬂreg@é?&rﬁnﬂ ﬂﬁeiro[b{’f’t?tsr ‘?ﬁg'ﬁ' Wfacil]@’&v\%gﬁ#[g%p |v¥)‘hq’
' scope 2Btromarosh b Riighing WREEE SRcliFiG 4 e He*‘%&é%ﬁ‘%‘}ﬁﬁ% JF e
_15 :CLAI__ Mﬁlvention, reference being made to the accompanying drawings, in which like reference

numerals indicate like parts and in which:
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1. A magnet oresi stive read sensor of the type having a | ayer of

antiferropgg cmaterial in direct contact wth a |ayer of _
magnet oreHEﬂmmmuﬂL met ic material for inducing a |ongitudinal bias 5
field in o | ayer whereinisaid antiferromagnetic |ayer
conprises an alloy of manganese (M1), at |east a portion of said M alloy

. layer having a face-centered-tetragonal fcti structure. 2. A
| magnet oresistive read sensor as in daf erein said M1 alloy conprises

RS = NURTIERE OIS, - G RN
00 5o MR R YR o & SLPFRESE pre, SREB
TS 5 000 ] OB ShecPSeld i onlirr; v,

| conpri segomntgsd MlcﬁJﬁéfoﬁﬁ Fan&dgcdf\ﬁ); 'z&mﬂﬁaagﬁ'ogﬁoﬁapsaﬁd Ml ﬁf&aleg r having a face-

‘ corrosi on-resi stant teria magn resistive rea nsor S 1n

- O aim5 whfkRidYefasshal BlcHGuRbture.

2. A magnetoresistive read sensor as in claim 1 wherein said Mn alloy comprises a nickel-
manganese (Ni-Mn) alloy having a predetermined composition.

3. A magnetoresistive read sensor as in claim 2 wherein said Ni-Mn alloy comprises a
composition within a range of about 46 to about 60 atomic percent Mn.

4. A magnetoresistive read sensor as in claim 1 wherein said mégnetoresistive
ferromagnetic layer is an alloy comprising nickel and iron.

5. A magnetoresistive read sensor as in claim 1 wherein said Mn alloy comprises a ternary
alloy of nickel, manganese and a selected corrosion-resistant material. |

6. A magnetoresisﬁve read sensor as in claim $ whereih said selected corrosion—resistant
material is selected from_ the group consisting of iridium, platinuni, rhodium, ruthenium,
titanium and zirconium.

7. | A magnetoresistive read sensor as in claim 5 wherein said selected corrosion-resistant
materiall is chromium (Cr). | |

8. A magnetoresistive read sensor as in claim 7 wherein said ternarf alloy comprises Cr in
the range of from 0 to 11 atomic percent.

9. A magnetoresistive read semsor as in claim 1 wherein' at least a portion. .of said
antiferromagnetic layer comprises Mn being in a theta phase.

10. A magnetoresistive read sensor as in claim 1 wherein Said Mn alloy is selected from the
group consisting of nickel (Ni), iridium (Ir), palladium (Pd), platinum (Pt) and rhodium (Rh)
alloys of Mn. - '

11. A magnetoresistive read sensor as in claim 10 wherein Seid Mn alloy is selected from. the

group consisting of Ni-Mn, Ir-Mn, Pd—Mn,- Pt-Mn and Rh-Mh having a Comp_ositioﬂ within
This is the replacemeh't__sheet;

Date: | '3NOV1997

P



20 corr

iridium
nmagnet or
cCorrosio
read sen
t he rang
sensor

| ayer co

0si o is selected fromthe group consisting of
pI atr‘ “ﬂmm“am“m thenl um titaniumand zirconium 7. A
esistive avead sensor*as in Caim5 wherein said sel ected
n-resistant material is chromum§Cr). 8. A magnet or esi stive

sor as in Claim7 wherein said ternary 25 alloy conprises Cr in

oaneg 8P 1 Bpedafe o S RESEH tﬁﬁq %%5@1‘0”5 PR, PG Reteee:

ises Mh being in a theta phase. A magnet oresi stive read

sensor as I'n Caim1 wherein said Ma all oy 30 is selected fromthe group

- consi st

r hodi um
A magnet
sel ected

?%h;)hafl%:a%ﬁic s?d}‘%\l%e sﬁsférr%étﬁ%r(isi%ﬁ]:é pal I adi um (Pd), platinum (EES) 1;;nd

or esh $hdgveti¢ Sfhgs eiédiim daving a(ﬂlﬁ'amyl&‘ tydeRs Eir'teScrtimgdF datak oy 1S
fromthe group consisting of Ni-Mi, Ir-M, Pd-M, Pt-M and

a magnetic transducer maintained in a closely spaced position relatlve to said magnetic

storage medium during relative motion between said magnetic transducer and said magnetic

-~ storage medium, said magnetic transducer including a magnetoresistive sensor formed on a

substrate comprising:

a layer of antiferromagnetic material in direct contact with a layer of magnetoresistive
ferromagnetic material for inducing a longitudinal bias field in the ferromagnetic layer,
wherein said antiferromagnetic layer comprises an alloy of manganese (Mn), at least a portion
of said Mn alloy layer having a face-centered-tetragonal (fct) structure;

actuator means coupled to said magnetic transducer for moving said magnetic transducer
to selected tracks on said magnetic storage medium; and

means coupled to said magnetores1st1ve sensor for detectmg resistance changes in said
magnetoresistive material responsive to magnetic fields representative of data bits recorded in
said magnetic stera_ge medium intercepted by said magnemresistive Sensor.

13. A magpetic storage system as in clain:r 12 wherein said magnetoresistive sensor further
comprises:
a transverse bias layer deposited on said substrate;

said layer of magnetoresistive ferromagnetic material deposited over said transverse bias
layer, said ferromagnetic layer separated from said transverse 'bias layer by a nonmagnetic
spacer layer; and -

said layer of antiferromagnetic material deposited over and in direct contact with said
ferromagnetic layer.

14. A magnetic storage system as in claim 13 wherein said magnetoresistive ferromagnetic
layer comprises end regions separated by a central region, said antiferromagnetic material

being deposited over and in direct contact only with said end regions of said ferromagnetic
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Rh- Mh havi ng niinl gghi n the range of 46 to 60, 45 to 63, 36 to
52, 33 to 60 mmmmlﬁ HHIII"\“ pectively, atom c percent M. 5 12 A
magnet or esi sti e sensorM accordi ng to any,-pne of the preceding clains

conprising: a transverse bias |ayer deposited on a substrate; the layer of
magnet oresi stive ferromagnetic material deposited over said transverse bias

layer, spié fQid eBRglcidgion ByiaE resjonsive apainfi@ptedr Maymeticdfidd@s forr goseratinge a
bias l'ayer by a nonmagnetic spacer |ayer; and the |ayer of :
ant i f er r siphdrepriesentaiverdfabsistenceghaeges $n said centenl regioh.i n direct contact with
said ferronmagnetic layer. 13. A magnetoresistive sensor as in Claim12
wher ei n 33 dAnmagretioserage Systenf eomprissggiet i ¢ | ayer conprises end regi ons
separated by a 15 central region, said antiferromagnetic material_ being
deposi t ed ovalaysnef maguetorssistive ferrpmagsetic/majerinl depptited o & BgsEae; a1 sai d
ferromagnetic | ayer

CA LG S EICC I I TR R - RERC N o
(ahgin%ei 3{112&3%%&&{% a(aylay,:éﬂj grrlltiferzrgmaélf'e'tic ma'%erqﬁgc%%}p?fsﬁsgi aSI;[ gl\lloey of R/fn? "at aleszaslc 9
portion of said antiferromagnetic layer being theta phase Mn having a face-centered-tetragonal
(fct) structure, said antiferromagnetic 1ayer for providing a longitudinal bias field in said
magnetoresistive layer. |
_ 16. A method for fabricating a magnetoresistive sensor having a layer of antiferromagnetic
material in direct contact with a layér of magnetoresistive ferromagnetic material for inducing
a loﬁgitﬁdinal bias field in the ferromagnetic layer, said method comprising the steps of:

depositing a layer of magnetoresistive ferromagnetic material on a substrate:f ;
depositing a layer of antiferromagnetic material on said substrate in direct contact with
said magnetoresistive layer, said éntiferromagnetic material being an alloy of manganese (Mn);

ahd |

annealing said deposited magnetoresistive and antiferromagnetic layers for ordering the
crystallographic structure of said antiferromagnetic layer to provide a Mn alloy having a face-

centered-tetragonal (fct) Structure in at least a portion of said antiferromagnetic layer.

17. 'The method of claim 16 wherein said deposited magnetoresistive and antiferromagnetic

layers are annealed at a temperature less than about 260 degrees C.
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magnet or esi

y conductive |'eads deposited over said end regions
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stive layer. 15. A magnetic st'orage systemas in

alm 12, .13

%

~or 14 further conprising an underl ayer deposited on said substrate and

under | yi ng

16. A magneti c storage

said 25 antiferromagnetic |aygr.

systemas in Caim1l5 wherein said underlayer is of a material having a
hexagonal - ¢] . ose:packed cryst.all ographjc .structure. 17, A net i t or age
Cyot om s (ARRERE BEEss: ifeart hBRAITRLiPh, ol o ene dmertad; PERRER o T O

mat eri al s ce@nsing tthe foniationrafontegmary NiyFaxNth fbn which providey)a mach greater HUA

magneti c st
t hi ckness
equal to t

3PS BT S Cound e ) s OO A

oS RS A e T

goesfe vzeras beyonds theNeel demageratwre for

spacer | ayebulk Fe-MARbAit 200@egrees C). The interdiffusion, howeves, substantially decreases
-the magnetic moment of the MR sensor. On the other hand, other elements, such as Cr,

Ir, Pt, Rh and Ru, for example, have been added to the Fe-Mn alloy layer in order to
improve its corrosion resistance. C}Yomonly assigned U.S. Patent No. 4;755,897 to
Howard discloses an improved MR sensor having an antiferromagnetic layer comprising
an alloy of Fe, Mn and Cr. In particular, by adding 4.5 at% Cr to a 30 nanometer (nm)
thick Fe-Mn film, the corrosion current density (ic) in an aerated 0.1 N sodium sulfate
electrolyte decreases from 8 to 2 uA/cm2, and further decreases to 0.5 uA/cm2 after
annealing the uncoated film in air for one hour at 150 degrees C. However, the addition
of the Cr decreases the strength of the HUA to only 16 Oe at room temperature, and
further to about zero at 80 degrees C.
SUMMARY OF THE INVENTION

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

According to one aspect of the present invention there is provided a
magnetoresistive read sensor of the type having a layer of antiferromagnetic material in
direct contact with a layer of magnetoresistive ferromagnetic material for inducing a
longitudinal bias field in the ferromagnetic layer wherein said antiferromagnetic layer
comprises an alloy of manganese (Mn), at least a portion of said Mn'alloy layer having a
face-centered-tetragonal (fct) structure.

According to another aspect of the present invention there is provided A magnetic
storage system comprising: a magnetic storage medium having a plurality of tracks for
recording of data; a magnetic transducer maintained in a closely spaced position relative
to said magnetic storage medium during relative motion between said magnetic

—
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19*" 'K magnetic storage 'systemas in Oaim 17 whereih said underl ayer

| ayer conprises a |ayer of zirconium (Zr). 20. A magnetic storage system
as in Caim19 wherein said Zr underlayer has a thickness within the range
of 6.1 nmto 24.3 nm 5 21. A magneticggstorage systemas in Caim20

wherein said antiferromagnetic | ayer conprises a |layer of N -M having a

t hi ckness within the range of 12.6 nmto 25. . . .
transducer an sar} magnetlzc storage mec%um? said magnetic transducer including a

magnetoresistive sensor formed on a substrate comprising: a layer of antiferromagnetic

- material in direct contact with a layer of magnetoresistive ferromagnetic material for
inducing a longitudinal bias field in the ferromagnetic layer, wherein said
antiferromagnetic layer comprises an alloy of manganese (Mn), at least a portion of said
Mn alloy layer having a face-centered-tetragonal (fct) structure; actuator means coupled
to said magnetic transducer for moving said magnetic transducer to selected tracks on
said magnetic storage medium; and means coupled to said magnetoresistive sensor for
detecting resistance changes in said magnetoresistive material responsive to magnetic
fields representative of data bits recorded in said magnetic storage medium intercepted
by said magnetoresistive sensor.

According to still another aspect of the present invention there is provided a
magnetic storage system comprising: a layer of magnetoresistive ferromagnetic material
deposited on a substrate; and a layer of antiferromagnetic material deposited on said
substrate and underlying said magnetoresistive layer, said antiferromagnetic material
comprising an alloy of Mn, at least a portion of said antiferromagnetic layer being theta

- phase Mn having a face-centered-tetragonal (fct) structure, said antiferromagnetic' layer
for providing a longitudinal bias field in said magnetoresistive layer.

According to yet another aspect of the present invention there is provided a method
for fabricating a magnetoresistive sensor having a layer of antiferromagnetic material in
direct contact with a layer of magnetoresistive ferromagnetic material for inducing a
longitudinal bias field in the ferromagnetic layer, said method comprising the steps of:
depositing a layer of magnetoresistive ferromagnetic material on a substrate; depositing a
layer of antiferromagnetic material on said substrate in direct contact with said
magnetoresistive layer, said antiferromagnetic material being an alloy of manganese
(Mn); and annealing said deposited magnetoresistive and antiferromagnetic layers for
ordering the crystallographic structure of said antiferromagnetic layer to provide a Mn
alloy having a face-centered-tetragonal (fct) structure in at least a portion of said
antiferromagnetic layer.
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