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~. BACKGROUND OF THE INVENTION

Field of the Invention . e
This invention relates to sensors for detecting magnetid

fields, and more particularly, to a magnetoresistive sensor
utilizing a metallic compound which undergoes a electronic
phase transition in ‘a magnetic field from an antiferromagnetic
state to a ferromagnetic state and vice versa when the
magnetic field is removed and has a corresponding "giant
magnetoresistive effect”.

Description of the Prior Art

Mégnetoresistive devices exhibit a change of resistance to
c?rrent passing therethrough when the magnetic field is
changed. Typically, two layers of ferromagnetic material are

used to form a magnetoresistive device and wherein the field
| intercepted by the magnetoresistive device exceeds the
-coercivity of one of the layers in order to provide a change

in direction of the magnetization in one of the layers.
Magnetoresistive devices have been used for detecting magnetic
fields from magnetic tape and direct access storage devices
(DASD). For example, a magnetoresistive device is positioned
in a head attached to a slider in a DASD. The head is.
positioned over a magnetic layer on a rotating disk and
detects magnetic fields emanating from the magnetic layef
indicative of data stored therein. Examples of
magnetoresistive devices are described in U.S. Patent
4,476,454 which issued on October 9, 1984 to J.A. Aboaf et al.
which describes ¢evi¢es and circuits employing
magnetoresistive materials exhiﬁiting a negative (Ap) change
in resistivity effect. A more recent magnetoresistive device
showing a Ap = 9 with-a magnetic field is in the range from
20 to 120 Oe is described in U.S. Patent 5,159,513 which
issued on October 27, 1992 to B. Dieny et al. entitled,
"Magnetoresistive Sensor Based on the Spin Valﬁe Effect".
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" the direction of magnetization in the ferromagnetic layer.’
One such device, is described in U.S. Patent 5,014,147 which
issued on May 7, 1991.to S.P. Parkin et al. which uses an
alloy of Fe(,,)Mn, where x is within the range of 0.3 to 0.4,
as an antiferromagnetic layer.

Ceftain metallic compounds have been known to undergo a
magnetic phase transition from antiferromagnetic (AF) to
ferromagnetic (FM) that are found in nature as well as
fabricated or formulated in a laboratory. One such metallic
compound, is iron rhodium (FeRh). Iron rhodium undergoes a
phase transition at about 340K from antiferromagnetic to
ferromagnetic. The phase transition is accompanied by an
abrupt increase in the specific volume of iron rhodium. It has
been published that the transition temperature of iron rhodium
can be lowered by applying a magnetic field H_, and that the
transition temperature can be raised by applying a posiﬁive
pressure P_ .. Experiments by J.S.Kouvel and C.C. Harteluis, J.
Appl. Phy., Supp. to Vol. 33, 1343 (1962) on a crude
polycrystalline sample of FeRh showed a 30 percent drop in
resistivity on heating through the magnetic phase transition.

The use of iron-rhodium films and alloys thereof for magnetic
recording was described in U.S. Patent 3,607,460 which issued
on September 21, 1971 to J.M. Lommel. In '460, an electron
beam heated individual regions through a first oxrder
transition to the ferromagnetic state whereupon the regions
are permitted to cool to a biasing temperature slightly higher
than the temperature of the transition back to an
antiferromagnetic state. A magnetic field was then applied to
the entire film to magnetize only those regions of the film in
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heating th ough 4t Be - TR2ReLL Enh a5 Satnelss 1204 18 described comprising
a material consisting of at least one type of magnetic atom or
ion such as Fe and at least one type of nonmagnetic atom or
ion such as Rh, Ru or Pd, the magnetic atoms or ions being
regularly arrayed in a crystal interspersed with the
nonmagnetic atoms or ions, the magnetic atoms or ions béing
antiferromagnetically aligned with all nearest-neighbor

| magnetic atoms or ions at first times when the applied

magnetic field to be detected is below a first predetermined
value, the magnetic atoms or ions being changed to
ferromagnetic order at second times when the magnetic field to
be detected is above a second predetermined value, a
temperature control circuit coupled to a heating element for
controlling the temperature of the material within a
predetermined temperature range, and an electrical current
source for passing current through the material for
determining times when the material is ferromagnetically
ordered.

The invention further provides a magnetoresistive sensor in
the head of a head/disk assembly comprising a material
consisting of FeRh having a surface adapted for positioning in
the proximity of the surface of the disk, a temperature
control circuit coupled to a heating element for controlling
the temperature of the material within a predetermined
temperature range, a current source for passing electrical:
current through the material, and a data circuit for
generating a signal indicative of the data stored in response
to the voltage across the ﬁaterial.
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Fig. 1 is a schematic diagram of a type II

antiferromagnetic spin configuration for ordered
FeRh.

Fig. 2 is a graph of the calculated total energy E versus
total moment M for FeRh.

Fig. 3 is a graph based on calculations on an appliéd
magneéic field H versus total moment M for FeRh.
f i
Fig. 4 is a graph based on calculations of the f
' magnetization M of the material versus applied
magnetic field H for FeRh.

Fig. 5 is a graph of the critical field Hcr versus
temperature for FeRh. '

Fig. 6 is one embodiment of the invention.

Fig. 7 is an enlarged partial view of a magnetic head
embodying the invention and the disk.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawing, Fig. 1 shows a schematic diagram
of a type II antiferromagnetic épin configuration for ordered
FeRh. It is noted that FeRh, as shown in Fig. 1, is naturally
occurring and comprises monolayers 12, 14 and 16 of magnetic
iron which are spaced apart by monolayers 13 and 15 of

- nonmagnetic rhodium atoms. Monolayers 12 through 16 are
stacked in the (100) direction corresponding to a CsCl type



According to one aspect of the present invention there is provided an .
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critical fhas daxH[Ee réf,ona qmsea;cmrmfr flowr govihexs which contributes one
' eighth atom from each corner to the unit ¢ell. Thus, layer 12
contributes one and one half atoms of fé, layer 14 contributes
two atoms of Fe and layer 16 contributes one and one half
atoms of Fe for a grand total of 4 Fe atoms. Layers 13 and 15
each have 4 atoms of Rh on a respective face of unit cell 17.
Each face atom of Rh contributes one half atom of Rh td the
unit cell.:Thus, layer 13 and 15 each contribute 2 Rh atoms ro
unit cell }7,for a grand total of 4 Rh atoms in unit cell 17.

Iron atoms 18 of monolayers 12, 14 and 16 are oriented in a
first direction while iron atoms 19 are oriented in a second
direction opposite the first direction. Monolayers 13 and 15
comprise nonmagnetic rhodium irons at times when FeRh is
antiferromagnetic. The electronic phase transition and the
associated switching of the magnetic order between the .
magnetic layers 12, 14 and 16 can be induced by either an
increase in temperature or by an applied magnetic field. The
orientation of the atoms shown in Fig. 1 has the unusual
property of being antiferromagnetic at low temperatures and of
undergoing a phase transition to a ferromagnetic state at
about 340K depending on stoichiometry and may be as low as
320K. The antiferromagnetic-ferromagnetic transition can be
induced at temperatures below 340K by an applied magnetic
field which goes linearly to 0 as the temperature approaches
340K. The magnetic field is about 40kOe at room temperature
and is about 1400e at a temperature of 0.1K below the
transition temperature. In Fig. 1, when FeRh is ferromagnetic,
all iron atoms are pointed in a first direction shown by iron
atoms 18 or all iron atoms are pointed in a second direction

a



said disk relative to a head, said head positioned to intercept magnetic
flux emerging or returning to said magnetic |ayer for generating signals
indicative of the data stored in said nmagnetic |ayer, said-head including
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greater thastate E#hQ|k9Heﬁﬁ(ﬁﬂ?rHNESﬁptPDréﬁ indged antiferromagnetic,
and moreover, that it is type II antiferromagnetism, which
consists of (100) iron layers with alternating spins within
the planes, i.e. monolayers 12, 14 and 16 and rhodium layers
13 and 15 with 0 spin as shown in Fig. 1. The total energy of
type I antiferromagnetism, which consists of (100) iron layers
with parallel spins within one plane that are antiparallel
with the spins in a neighboring iron layer, is close to, but
higher, than the type II antiferromagnetism. Calculations have
shown that the type II antiferromagnetic configurations are
only slightly moxre stable than the ferromagnetic spin
configuration and that at 0K temperature an applied magnetic
field of 339kOe will switch the antiferromagnetic spin
arrangement to a ferromagnetic one. For ordered FeRh the iron
local moments are 3u, for both the antiferromagnetic and

ferromagnetic configurations, while the rhodium local moments
are 0 for the antiferromagnetic configuration and 1lu, for the
ferromagnetic configuration. '

Fig. 2 is a graph of the calculated total energy E versus
total the magnetic moment M for FeRh. The calculations were
made for FeRh having a lattice constant of 4.4% less than the
equilibrium value. The volume per atom in magnetic cell 10 is
4/3[Jr?,, where r, is the Wigner-Seitz radius. Iron atoms and
rhodium atoms are treated as occupying the same volume. The
value of r,, is 2.66 .a.u. in the calculations for FeRh. Curve
24 shows a stable antiferromagnetic minimum at M = 0 at curve
portion 26 and a metastable ferromagnetic minimum at M = about
4y, shown by curve portion 27. Curve 24 was obtained by
utilizing a fixed-spin-moment procedure that constrains a
magnetic cell to have fixed values of total magnetic moment
derived from collinear spins. The magnetic cell 10, as shown
in Fig. 1, is made sufficiently large to allow for
antiferromagnetism. The calculations plotted in Fig. 2 allow



for controlling the tenperature of said material with a predeterm ned
tenperature range, and second neans for determ ni ng whether said materi al
is ferromagnetically ordered. According to still another aspect of

t he pr esen&oiﬁ/ rg*pn there is provided a nagnetoresistiye sansor
positioned Tnthe head of head/disk assephly conpri-sing::,a .fatér al

consi sting of FeRh having a surface adapted for ﬁdéitLQnLdg i‘'n°t'hé
proximty of the surface of said disk, first means for controlling the

t enper at urene®ftes @malyatecthel behaviiop af ptlezimagneitdedcedhpkd dirurd® r ange

wher eby ool TR iiblsd 21814 ATHaRsnaR ) UABRGRCY| © state to

ferromagnetic state™n a first pr ermn netic field and ffroma
ferromagnetic state to an antiferromagnetic state in a second predeterm ned
magnetic field, second neans for pasgisagiBAddctrical current through said
material, and third neans for generating a signal indicative of the

vol tage across said nmaterial. According to ﬁet anot her, gspect of the

present i nbRQUREoRede Esifr heqtetal grersty angr Mode cbh¢ Pt hagnetic
field conmionsenty tive Figepe,0theserethaty repreisentsl thavtokpla enerigyl Eal

field Herddy 5:2:? %b@?:é%%%%eé?t@%é{:% pﬂarﬁ]eﬁtc WBASht RS type of pagnetic

atom or ion ast on magnetic atomor ion, said
magnetic atonms or ions being regularly arrayed in a crystal interspersed
W th sai d FEanBagist iaC gehphsshowingsthé arglationship between the

magnetic moment M of magnetic cell 10 shown in Fig. 1 and an
applied magneﬁic field H calculated by differentiating curve
24 of Fig; 2. In Fig. 3, the ordinate represents applied field
H and the abscissa represents magnetic moment M. Note that
only certain parts of curve 24 in Fig. 2 are accessible to the
system. At some critical magnetic field, H_,, defined by the
slope of the common tangeht to the 2 minima shown by dashed
line 28 tangent to curve portions 26 and 27, the two states,
i.e. antiferromagnetic and ferromagnetic are in thermal
dynamic equilibrium. The magnetic cell 10 will be in
equilibrium in the ferromagnetic state for any applied field H
which is greater than H_, shown by dashed line 32 in Fig. 3.
The magnetic cell 10 will be in equilibrium in the
antiferromagnetic state for any applied field less than H,.
Dashed lined 32 intersects curve 30 at points 34 through 36.
Below point 34 is curve portion 38 of curve 30. Curve portion
38 exhibits 0 moment for a 0 applied field at point 37. Curve
portion 39 of curve 30 extends from point 36 upwards.

Fig. 4 is a graph based on calculations shown in Fig. 3 of the
moment. M versus applied field H. In Fig. 4, the ordinate
represents moment M and the abscissa represents applied field
H. In Fig. 4, the ordinate and the abscissa are transposed
with respect to the ordinate and abscissa of Fig. 3. The E (M)
curve portions accessible to the system,'curve portions 38 and
39 of curve 30 in Fig. 3 yields the response of the
magnetization of FeRh to an applied field H. The critical
field, H, is about 5807kOe required to switch FeRh from the
antiferromagnetic to the feiromagnetic state which is large in
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constant). The calculations show that, at the equilibrium
volume, H, is reduced to 2100kOe. A zero-point energy
correction leads to a further reduction to about 339k0eugt
zero temperature, in general agreement with observed ¢éritical
fields H,. As noted above, H, decreases with increasing "
temperature and at higher temperature goes linearly to 0 as
the temperature approaches 340K.

In Fig. 4, points 34 and 37 on curve portion 38 correspond to
points 34 and 37 on curve portion 38 shown in Fig. 3. Dashed
line 32 shown in Fig. 3 corresponds to line 32 in Fig. 4.
Point 36 and curve portion 39 in Fig. 4 corresponds to'point
36 and curve portion 39 in Fig. 3. At point 34, FeRh is
antiferromagnetic and at point 36 the material is
ferromagnetic. The data in Figs. 3 and 4 were taken at room
temperature, i.e. 300°K.

Fig. 5 is a graph of the critical field H_, versus temperature
for FeRh. In Fig. 5, the ordinate represents the applied field
H and the abscissa represents temperature. In Fig. 5, the
rhodium was 53.1%. Curve 46 shows that the critical field H_
decreases to 0 as the temperature increases to about 320
Kelvin. Thus, by heating FeRh the critical field H_, may be
reduced to very low values such as in the range from 10 to 80
Oersteds to induce a transition from antiferromagnetic to
ferromagnetic order in the material. The transition occurs
very rapidly since there is mainly an electronic (splin flip)
phase transition with little movement or repositioning of the
atoms in the unit cell.

Referring again to Fig. 4, with FeRh heated very close to
320K, dashed line 48 would represent the transition from point
37 to point 52. Point 37 represents antiferromagnetic
material and point 52 representing ferromagnetic material.
Curve portion 50 would connect to point 36 to point 52.



YO 993 034 Brief Description of the Draw ngs These and ot her _
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magnetic fiel g, ldf Uy Ry 67 positicned on substrate 64. Disk 62 is
supported by spindle 68 which is coupled to motor 70 which
functions to rotate spindle 68 and disk 62. Magnetic layer 66
may have data stored therein as a function of the orientation
of magnetic fields within magnetic layer 66 and the assgciated
magnetic field flux return paths directly above upper surface
67. Magnetic head 71, which is further described in Fig. 7, is
positioned in close proximity to uppér surface 67 to intercept
magnetic fields leaving or entering upper surface 67.
Magnetic head 71 is physically supported in position by a
slider 72 which is controlled by actuator 74. Actuator 74 may
be a solenoid.

Memory control circuit 76 functions to generate control
signals over lead 77 to a control input of actuator 74 and to
an ihput of signal processor circuit 78. Memory control
circuit 76 also provides a control signal over lead 80 to
motor 70.

Temperature control circuit 81 functions to control the
temperature of material 82 in magnetic head 71. Material 82 is
shown in Fig. 7. Signal processor circuit 78 provides one or
more signals over lead 84 to temperature control circuit 81.
signal processor circuit 78 may function to indicate whether
material 82 is antiferromagnetic or ferromagnetic under a
predetermined magnetic field indicating whether the
temperature of material 82 should be raised or lowered.
Additional sensors comprised of material 82 or of other
material may be positioned in magnetic head 71 and coupled to
signal processor circuit 78 for determining the temperature
conditions within magnetic head'71, and more particularly, of
material 82 which is sensing or intercepting the magnetic
fields above magnetic layer 66. The signal from signal
processor circuit 78 over lead 84 may be a simple on and off
control signal or may provide more information to temperature
control circuit 81 to enable temperature control circuit 81 to
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Temperature control circuit 81 may provide current over leads
87 and 88 to a heating element 89 shown in Fig. 7 positioned
in magnetic head 71 for controlling the temperature of
material 82. Heating element 89 may be, for example, a ?%
resistive heater formed by an alloy of nickel and chromium in
the form of a layer or wire. Other materials may be used to
provide heating element 89. Other forms of heating such as a
radiant energy source 92 may be used to control the .
temperature of material 82. Radiant energy source 92 functions
to provide radiant energy by way of a beam 95 or optical fiber
96 which is focussed on or directed on or through magnetic _
head 71 to control the temperature of material 82. Temperatu:e
control circuit 81 may provide a control signal over lead 93
to radiant energy source 92. Radiant energy source 92 may be a
laser and may provide light beam 95 by‘way of an optical fiber
96.

Signal processor circuit 78 provides an electrical current to
.magnetic head 71 which may pass through material 82 to
determine by way of its resistance whether material 82 is
antiferromagnetically or ferromagnetically ordered. If
material 82 is ferromagnetically ordered, the resistance of
material 82 is much less resistant than at times when material
82 is antiferromagnetically ordered such as by an order of
magnitude (10 times). Leads 97 and 98 from signal processor 78
function to provide a current path to and a return path from a
material 82 to signal processor 78. Signal processor 78
functions to.determihe the resistance of material 82 and hence
to determine whether material 82 is ferromagnetically ordered
or antiferromagneﬁically ordered with respect to the applied
magnetic field above upper surface 67 of magnetic layer 66.
Leads 97 and 98 may be a cable of many leads to accommodate
additional voltages being received from magnetic. head 71.



unit ‘cell which has | ong been known to exhibit a transition from
antiferromagnetic to ferromagnetic order. A unit cell 17 of, FeRh is shomn
in layer 12 by dashed |ine 21 which passes through four Fe atons at-the
corners of ygnigg3celsla 17. Each corner Fe atom contributes.one ei-ghth atomto
the unit cell. In layer 14 the unit cekl1passes through flour- Fe- atoms on
the edge of unit cell 17 which is directly bel ow a projection “of dashed

line 21. Each edge atom.contributes on uarter to . u cell 17. Layer
16 i s the MeRMOZY CQpdrods cimcuiteip i‘?“%"ﬁ‘c?’\‘fa?aﬁe%gl%‘f%r#g’%a each of four
cor ner s whipdevieusliyh sttesednd nemgbhét ¢ cayerof6ein hresporge tfe therepd t

cel ![ . ‘tI)'h.;Js,sjt rtanZ 1%%f!81t lrzllol;utagla ggeaa&ggéyl%tj_ %itaﬁo;nsad)fuﬁe. | ayer 14t
contri butes atons of-Fe an er contributes, o ons
of Fe for aagnglda &ead divy Fnspa’i ig'a'ﬂ?iti’éf%gr% hav é\%i a'% ONs
of Rh on a e weasuiree thec appil iedi mageetid Eieddchyfway of oin rangition

contribute agﬂ::%h agfnedict ol ES M&gn“e‘ikh ordéréd haveridB aval 15
each contribute atonB ro unit

t ons
in unit celto Provide &R anGhod1 7oA %Fﬂ)ffs}&"éllﬁvg’ii{l?ﬁ%s aar"guorl ent ed
in a first glignxt ippocssisor iclocudtos. 19igned processori eizcetle ot directi on

opposi te t%.{dﬂ%tnsd'éo H,]eo%ss'\/t&m' 8YGhs stlfi:e%%dvéé GGQPrléﬁdé\WtSE

rhodiumirons at times is anti

erro T e el hase
transition EhPRAYddes & ontPts FlEpal ngn o]f“(dng‘jl ﬁagﬂgf?% Y%Ie‘?F %arc'nufo
magnetic | aytirdiekidd Froanchabmetde Rayendé&ed by either an increase in
tenperature or by an applied nmagnetic field. The orientation of the atons

shown in Fig. 1 has the unusual property of being antiferromagnetic at | ow
t enper atures and of

Flg. 7 is a simplified view of magnetic head 71 positioned
over magnetic layer 66. Material 82 is shown positioned above
upper surface 67 and between conductors 97 and 98 which
function to provide current tﬁrough material 82 to determine
the resistivity of material 82. Heating element 89 is
positioned adjacent heating material 82 to control the
temperature of heating material 82 such as a value in the
range 320K to 340K }-1K. Leads 87 and 88 are coupled to heating
element 89 to provide currént through heating element 89. As
shown in Fig. 7, heating element 89 is a bar of resistive
material but alternately may be a wire or a thin film layer. A
wire 99 may be wrapped around leads 97 and 98 to form colls
100 and 101 which heat leads 97 and 98 which in turn would
raise the temperature of material 82. Magnetic field lines 110
through 112 are shown emanating from upper surface 67 of layer
66 and passing through material 82 which may be, for example,
FeRh or FeRu. The magnetic field is sensed by determining
whether material 82 has gone through a transition in its
electronic state from antiferromagnetic material to
ferromagnetic material by way of the resistance of material 82
which is greatly reduced in the'ferromagnetic state.

FeRh is a unique binary metallic system with an
antiferromagnetic ground state which can be switched to a
ferromagnetic state with a predetermined magnetic field with
no change in crystallographic structure. FeRu, FePd or Mngt



undergoi ng a phase transition to a ferromagnetic state at about 340K
dependi ng on stoichionetry and may be as | ow as 320K. The
antiferromagnetic-ferromagnetic transition can be induced at tenperatures
bel ow 340Kyygsd @ppl i ed magnetic field which goes lineagly tQ.Q as the
tenperature approaches 340K. The magnetix2 Field i s -aboyt 140k &Y .room
tenperature and is about 1400e at a tenperature of Q. 1X. balf ow.thes"
transition tenperature, In Fig. 1, when FeRh is ferronagnetlc all iron
atons are pEP rPERET Mniqye sl?i'tﬁrfléd‘tqtéﬂliﬁo%&smﬁ which: BA¥ Bessibly be;on
atons are pgbgticuted afceuRrh dig enitedilal 82 YO 993 034 - shown by iron
atons 19. In Fig. 1, the coupling between iron nonol ayers 12, -14 and 16 is
sufficiently large that the energy difference between the anti ferromagnetic

and the fefpofeRihetthe Magnetaresistanceneffee i8 enpanceth Praytrtueiohs of
the energytné €pditiabsamhbivrichddrgtit, these-ghoe andalinthe-planedspimt e

s et et e HF A B M e Bk
al t er nat i ngOPEFRIRONIING £Q He GGhanit cell madinelateds fron B Byate
rhodi um | ayesw1ts o chrl amtdriydheiti Whashshawv( 100)FigonllaFes tvwith ener ay
of alternating spins within the planes, rhodium layers with.zéro
spins, and successive iron layers coupled
antiferromagnetically. An application of a magnetic field to
the material aligns the iron spins both within and between
(100) planes, and results in a sizeable rhodium moment. In
other words, the rhodium makes a magnetic moment contribution
in the ferromagnetic state. Because of the special spin
arrangement in FeRh, the magnetoresistance effect is stfongly
enhance&, i.e. there is a giant magnetoresistance effect, so
that maqnetic heads made of this or related materials will be
much more sensitive by providing a larger output voltage or a
greater change in resistance. In addition, the sensitivity of
the material is at a maximum near room temperature (300K) and
can be controlled by a heating element.

The invention describes a device for detecting magnetic fields
comprising a material consisting of at least one type of
magnetic atom or ion and at least one type of nonmagnetic atom
or ion, the magnetic atoms or ions being regularly arrayed in
a crystal interspaced with the nonmagnetic atoms or ions, the
magnetic atoms or ions being antiferromagnetically aligned
with all nearest neighbor magnetic atoms or ions in one
electronic state and upon the application of a magnetic field,
may change the alignment of the magnetic atoms or ions to a
ferromagnetic order, the ferromagnetic order is detected by
passing a current through the material and sensing the
resistance of the material in the ferromagnetic order as
opposed to the antiferromagnetic order.

While there has been described and illustrated an apparatus
for detecting a magnetic field utilizing a material which .



type I antiferromagneti sm which consists of (100) iron layers with
parall el spins within one plane that are antiparallel with the spins in a
nei ghboring iron layer, is close to, but higher, than the type |
antiferromagneti sm Cal cul ati ons have shown that the type |
antiferromagoepdd 034figurations are only slightly. nore steble-than the
ferromagnetic spin configuration and t hati3t oK tenperabupe an; appti ed
magnetic field of 339kCe will switch the antlferlronagnetrc spi-n *

arr angenent to %6%% ngggﬁt*ﬁ Ogﬁtin rdm%gﬁggg o F&Rded S ih@n | ocal nonents

are 3[err] e an erronmag erromagneti c conflguratlons
while the r rfecrremagaemcmﬁéﬁrs hFewfellf dre @RRansRt 1t %

Conflgurat'Qﬁeaaétlhﬁ&t]mbdlfibetiensQﬂngwmtﬁattumé|§pﬁ%pussab1e ﬁighoﬁt|s a
graph of the c d total \/ r o] i M
Por FoRn.  TREVARFLIBaEr oo tie, BPRAR e ropé e nb Ol fred R WTEY EDARECRY
4.4% | ess thdmited sqﬂleﬂ-vbbl'uhh?a?‘a@e‘nfe the Ghaims appended, hexghlric cel |
10 is 4/3llr[err] where r[err] is the Wgner-Seitz radius. Iron atons and
rhodi um atons are treated as occupyi ng the sane volunme. The value of r[err]
isS 2.66 a.u. in the calculations for FeRh. Curve 24 shows a stable '
antiferromagnetic mninumat M= 0 at curve portion 26 and a netastable
ferromagnetic mnimumat M = about 4[err] shown by curve portion 27. Curve
24 was obtained by utilizing a fixed-spin-nonment procedure that constrains
a magnetic cell to have fixed values of total magnetic nonent derived from
col linear spins. The magnetic cell 10, as shown in Fig. 1, is made
sufficiently large to allow for antiferromagneti sm The cal cul ati ons
plotted in Fig. 2 allow



YO 993 034 “one to Ig@EtEhrq-quaBE{w r of
the magnetic cell 10 in anu mﬂEIW‘HH“’i field H fet |neﬂrﬂ9;yA@m|at|o 1.
H=dE/dM In equation 1 | Sc ergy and utu.AﬂnﬂEht.

In Fig. 2, t §5sligpd e represents the total energy E and the abscissa
represents gnetic nonment M Fig 3. isg graph shdwi.0g &£he**fel.ati pnship
bet ween t he nagnetic noment M of magnetic cell 10 shdwh. |n.FFg ‘L ahdzan
applied magnetic field H calculated by differentiating éurve 24 of"Fig. 2.
In Fig. 3, the ordinate represents appl Lenl Iimlsl- H and the absci ssa
represents magnetic noment M Note that only certain parts of curve 24 in
Fig. 2 are accessjble to the s ste At sone crltlcalfg%gaetlc field,

Herr], defihed HhRt3RPIFYHRS testing @ magatic, DCAPRFAELRAS W by

dashed line 28 tangent to curve portlons 26 and 27, the two state€s, i.e.

ant i f erromagnet i G 3tk /4 DY\ ddnalst1hg 5 D441l JHC £GPHI biEDr | U The
magnetic cell 10 w
magnetic atom or ion (12, 14, 16) and at least one type
of nonmagnetic atom or ion (13, 15), Lﬂ;
:
said magnetic atoms or ions (12, 14, 16) being regularly
arrayed in a crystal interspersed with said nonmagnetic

atoms or ions (13, 15),

said magnetic atoms or ions (12, 14, 16) being
antiferromagnetically aligned (18, 19) with all nearest
neighbor magnetic atoms or ions at first times when said
magnetic field to be detected is below a first
predetermined valﬁe'adjacent séid material,

; I

said magnetic atoms or ions (12, 14, 16) being changed to
ferromagnetic order at second times when said magnetic
field to be detected is above a second predetermined

value,

first means (81) for controlling the temperature of said
material (82) within a predetermined temperature range,
and

second means (78) for determining whether said material
(82) is ferromagnetically ordered.

2. The apparatus of claim 1 wherein said material (82) is
positioned in a head (71) for use in retrieving data from
magnetic storage media in a memory system.

3. A memory (60) for retrieving data stored in a magnetic
layer (66) comprising:

a disk (62) including said magnetic layer (66) thereon,
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eqU|I|br|un1|n the ferr any appli et d - WILCILJ S |
greater than H[err] shomﬂmgmﬂﬂ"ﬂmw in Fig. ﬂlﬁ%sh_ éﬁb?&é\rll 10
will be in equilibriumin*the antmrfesromagnetic statgifo ed fiiel d
| ess t han be 93.o%mshed lined 32 intersects curve 30 at p0|nts 34 t hr ough
36. Below point 34 is curve portion 38-ofs curve 30. ~~Gurve portl'on- 38
exhibits 0 nmoment for a O applied field at point 37 Chrve nort1on“39 of
curve 30 extends from point 36 upwards Fig. 4 is a graph based on

cal cul ati ons shémﬂ°$ﬁtg9@er3(§ﬁ:t?ﬂ9 ﬁBﬁ%ﬂPVRFQeﬁ%&E;Qﬁﬁé redati¥edto a)n
Fig. _4, the ordhéaae(vnp;esents noment M and the abscissa represents
applied field H In Fig. 4, the_ordinate and the abscissa are transposed
with respect to the ordinate and absci ssa of Fig. 3. The E (M curve
portions accessf®aid head hé7 L) spesitianede tgointerrerts magaetdcoflugrve 30 in

Fig. 3 yields tbﬂef?ﬁmrksﬁ @étﬁmr@gﬂﬁtsa;atm@ghﬁifaalyetofaﬁ applied field.
H The critical _fie

the anti ferrona%%%?fat{’lg t%QI?%f %ﬁﬁ@?‘? E%t{t?eqla dSHBFgW Rﬁhsgfgh from

YO 993 034 magnetic layer, said head (73) 1nc1uding a matergal (82)
consisting of at least one type of magnetic atom orvion
(12, 14, 16) and at least one type of nonmagnetic atom or
ion (13, 15),

said magnetic atoms or ions (12, 14, 16) being regularly
arrayed in a crystal interspersed with said nonmagnetic
atoms or ions (13, 15),

said magnetic atoms or ions (12, 14, 1l6) being
antiferromagnetically aligned (18, 19) with all nearest
neighbor magnetic atoms or ions at first times when said
magnetic field to be detected is below a first
predetermined value adjacent said material,

said magnetic atoms or ions (12, 14, 16) being changed to
ferromagnetic order at second times when said magnetic
field to be detected is above a second predetermined
value,

first means (81) for controlling the temperature of said
material (82) within a predetermined temperature range,
and

second means (78) for determining whether said material
(82) is ferromagnetically ordered.

4. The memory or apparatus acdording to ény one of the above
claims, wherein said second means includes third means
for passing a current through said material, and

fourth means for generating a signal indicative of the
voltage across said material. T T T T
This Sheet Has Been Replaced -




. corrparl son with typi cal for fabric g?n
nul tilayers. However, mlml Immn Fig. 2 agEW‘%t%" A%@rﬁ'gf\‘r i ned
to collinear spins on a ngId att ce no zer o-poi nt PRELAERP at af
given vol ugg ¢4atesge constant). The cal cuI ations show that, at the

equi libriumvolume, Herr] is reduced +a@200kCe.. A zero-point energy
correction leads to a further reduction to about 339kCe at zero

tenperature, in general agreement with observed critical fields Herr]. As
not ed above, Her decreases with increasing tenperature and at hi gher

}:errpezlat ure., goe'.phélmem%fy 68 dpperddis Taeﬁbggﬁﬁglrﬁb W@@i&lw %ﬁGKangénd a7
ig poi nt's n co oint s an

on curve porti o‘gfﬁgﬂ Jhé’ref élai‘gofrﬁfashgaaﬁ n%n‘g';'oﬁho%gf‘n 8 3 .
corresponds to FP%EI‘BJZHIPH F'l‘-lge temmawrsaoﬁmamm%mlu Uﬁtbgnl A Fig 4

corresponds to ppédétetnfidl GtenbitidreoRande | 6¥ Fild Kelvifl, point 34, FeRn
is antiferromagnetic and at point 36 the material is ferromagnetic. The

data in Figs. 3 and 4 were taken at roomtenperature, i.e. 300[err]K
Fig. 5 is @-graPheohendry cof tappardtiug @acoerding s angnpoeactir thegabée@h. | n

ol esant £ et A OSET S4AE R el Lot sinieces
that the cr|t| ﬁbe ’a"}ﬁ%%mgr?ﬁuff%rt ﬁ%‘ﬁ)@F&PEﬁ@i Qases
to about 320 Keﬂ:mdetMed)pﬁMmg FeRh the critical field Herr] nmay be

reduced to very I ow values such as in the range from 10 to 80 Cersteds to

I nduce a transition fromantiferromagnetic to ferronagnetic _order jin the
mat erial . The tTQﬁwﬂ?W?ﬁy(ﬂﬁnﬁa?aratu according to any one of the above
claims, wherein said predetermined temperature range is

below the transition temperature temperature of said
material at a predetermined pressure and at a
predetermined applied magnetic field.

8. The memory or apparatus according to any one of the above
claims, whérein said temperature range is less than 1K
below said transition temperature.

9. A magnetoresistive sensor positioned in the head (71) of
a head/disk assembly comprising:

a material (82) consisting of FeRh having a surface

adapted for positioning in the proximity of the surface
of said disk,

first means (81) for controlling the temperature of said
material within a predetermined temperature range,

second means (78) for passing electrical current through
said material, and

third means for generating a signal indicative of the
voltage across said material.
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gvery rapldly since ther ctronic (spﬁrﬂ?gp —~ ‘
transition with little ﬁﬂlﬂmummmmft I oni ng of It HE! :E%. Hﬁ% é:Nuﬁl t
cell. Referring again to Figl 4% with FeRh heated |

dashed |iney48g9Rupgsrepresent the transition from poi nt 37 to poi nt 52.
Poi nt 37 represents antiferromagnetic natgri-al and p0|ﬁt 52arepresent|ng
ferromagnetic material. Curve portion 50 woul d connect-to-p0|nt 36°t0 point
52. YO 993 034 9" Referring to
Fig. 6, a naferyThe megshbomesﬁﬁtiwengﬁna@; b&eraxNWQZafu;t@ﬁmedncagdéag

storage device (RARPAd ﬁbgéfﬁg6fbf5%éé33¥% VbQﬂdﬁmﬂRﬁﬁkﬂﬁt%aﬁﬁ fBdga
magnetic | ayer g haylng H$£Q%§§ ac posi t %pép on substrate 64.

Di sk 62 i s supporPBfi*B §€?§’| Eoﬁ |1 &P t4F'Sst or 70 whi ch
functions to rotate splndle 68 and dISk 62. Nhgnetlc | ayer 66 may. have data

stored thergyn ag ﬁef:HG&tf&P ddeddeiy i Haghbelic Of 1 RO MInipt- 161 Adenyi thin
magnetic | ayer 66,_and %Ee associ ated magnefic field flux returnpaths
S

directly above uppBPEs@ttace 67. Magnetic head 71, which is further
described in Fig. 7, is positioned in close proximty to upper surface 67

to intercept selected a material consisting of at least one type: of
magnetic atom or ion and at least one type of nonmagnetic
atom or ion,

said magnetic atoms or ions being regularly arrayed in a
crystal interspersed with said nonmagnetic atoms or ions,

said magnetic atoms or ions being antiferromagnetically
aligned with all nearest neighbor magnetic atoms or ions
at first times when said magnetic field to be detected is
below a first predetermined value adjacent said material,

said magnetic atoms or ions being changed to
ferromagnetic order at second times when said magnetic
field to be detected is above a second predetermined
value,

controlling the temperature of said material within a
predetermined temperature range, and

determining whether said material is ferromagnetically
ordered.

12. The method of claim 11 further including the step of
positioning said material in a head for use in retrieving
data from magnetic storage media in a memory system.

13. The method of claim 11 wherein said step of determining
includes the steps of passing a current through said
material, and
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. magnetlc fields |eaving r surface 6
physi cal |y supported i nllﬂm ‘!Elllwmlg i der 72 whi BhTHIS
actuator 74. Actuator 74=+nmy be a sol emoi d nDrQ cont FBL-

function§[ tg ﬁegsr ate control signals over Iead 77 toa control input of

act uat or *94°3Rd988 an i nput of signal ocessor ci,rcuif, #8* Merptfy control

circuit 76 al so provides a control S|gﬁ I~ over | ead_80 % o put pr: 70.

Tenperature control circuit 81 functions to control *t h&*t¥nperature of

material 82 i genegtBtihg Heafgrd: Wﬁdt@beBgf'ﬁ@Wtd%% Bettoss. saignal
processor ci rcwt 8.provideS one or nore signals over lead 84 to

t enperature cBAteELatircuit 81, si gnal processor circuit 78 may fiunction to
i ndi cat e whet her rrat erial 82 is antiferromagnetic or ferronmagnetic under a

b edﬁt elrghBEdwﬁagﬁéhhSdfb€|Qléﬂﬁjkﬁlatviﬂﬁe%ewfd ELLE to&n%mgu&]giaa mat elrl al
shou e rai re ditio sor,s conprise eria

or of other nﬂtf‘gif‘g?snﬁyebﬁt%s‘ﬁ i ©; 331 gite t‘i’feaﬂ% Eggél ed to
si gnal pr ocesmeteclatuwitﬁﬁlfmrtdm@ammenganm afer®pdr Fedvénecondi ti ons

wi thin magnetic head 71, and rmre particularly, of material 82 which is

sensi ng 3 [ nterce ting the netic fields ab‘gve rra%[f':tic IaXSr"GG. The .
signal fitdm sF8Ral H‘B e‘é%o‘l’l B A whegedpepald flep, Ofa FOBEXQLLLRGI ¢ on and
of f control sngmhesrthaysmp\bﬁsemmmgfaaMtpmmnrﬂnpdrat.u‘r‘e cont rol

circuit 81 tot@ﬂﬁgl:gtﬁfgpféﬁé”fel%qptﬁ@ tfhhst forP ]teh%erature T. of
sald material at a predetermined pressure and at a
predetermined applied magnetic fileld.

16. The method of claim 11 wherein said step of controlling
includes the step of selecting said predetermined
temperature range in the range from 1K below to the
transition temperature T, of said material at a
predetermined pressure and at a predetermined applied

magnetic field. f

17. The material of any one of the above claims being
selected from the group consisting of Mn, Fe, Co and Ni
with magnetic atoms or ions, or from the group consisting
of FeRh, FeRu, FePd and MnPt.

This Sheet Has Been Replaced




.YO 993 034 - 10 - cont
of materi al 82 at a predeterm ned tenperature such as 34

Tenperature control circuit 81 may provide current over ‘
a heating el¥hé@*3 &%hown in Fig. 7 p05| goned. i n magReki ¢ -head 71. for
controlling the tenperature of nmateri al Fba{png eleﬂent 8@ Jay be,’ for
exanple, a resistive heater formed by an aIon of ni cket:"and-chrom umiin
the formof a layer or wire. Qther ggf e ipahSa@yp be used to provide heating
el ement 89. OQther forns of heating such as a radiant energy source 92 may
be used to control the tenperature of material 82. Radi ant energy source 92
functions t ampreeppad@tusdisnt metdody fby deteating bemagsétic Hielddhag i ber 96

which i s T oG dddeBibed rﬁ%%oeatehgtbw&fha&gaﬁieﬁ Mfehﬂéstpr&@ruﬁ 3'

t he terrperatur of materi

el ture contr %J Cl réﬁr prow e
a control SR qg@gd:i%og:gepa Pafit frRamMagnet e cor 'ﬁéﬁﬂ € ener gy
source 92 nmppﬂdtaﬂimenfaadnmeptlovfﬂeld iagiat whezel® Sty matexfiah iopti cal

fiber 96.  perh, FeRu, FePd or MnPt, a heating element for controlling
the temperature of the material and a current source for
sensing the change of resistance of the material to deternine
when the material is ferromagnetically ordered. The in#ention
overcomes the problem of small changes in resistance of
magnetoresistive sensors operating in only the ferromagnetic
order.
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. Sigrfal processor circuit 78 provides an el ectrical current to magneti ¢ head
¢71 which may pass through material :82:to’ determne by way of its resistance
whet her material 82 is anti ferrorragnetl cal | y or ferromagnetically ordered.
If material 82 is ferromagnetically ordered, the resistance of material 82
is much |ess resistant than at tines when material 82 is ... .-
antiferromagnetically ordered such as by an order of. magmtude ('IO tines).
Leads 97 and 98 from signal processor 78 function'to provide a current path
to and a return path froma material 82 to signal processor 78. Signal
processor 78 functions tq determ ne the resistance of material 82 and hence
to determne whether material 82 is fetdomagnetically ordered or
antiferromagnetically ordered with respect to the applied nagnetic field
above upper surface 67.of magnetic |gyer 66. LE(ISG tnd 98 may be a cable
of many | eads to accommodate additi onal ol t ageés ng'received from
magnetic. head 71. YO 993 034 bpory contrgl ci g it 26 :
functions to retrieve data previ i@y storgl i n magne : c | aygd in
response to a read signal 0@ | ead 102 @Qa ‘ﬁ?-g ' gha gnd‘éead 103.
I\/E_lgnetlc head 71, an?l9 nor e ac Heil] 3 ‘E‘.ﬁhﬂ’\ aetT 0
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“to measure the applied magnetic field by way of a transition from
antiferromagnetic to ferromagnetic ordered material and to provide an
anal og or digital signal over |leads 97 and 98 to signal processor circuit
78. Signal processor circuit 78 functions to process the signals received
over |eads 97 and 98 to provide an output signal on l.ead 106 Jndicative of
the data retrieved from magnetic | ayer 66. Fig. 7.is-a srnp4|fwed Vi ew
of magnetic head 71 positioned over nagnetic | ayer 66. Vaterial® 827is shown
posi ti oned above upper surface 67 and between conductors 97 and 98 which
function to provide current through material 82 to deternmine the ",
resistivity of material 82. Heating element 89 is positioned adjaceht
heating material 82 to control the tenper/ggure of heating material 82 such
as a value in the range 320K to 340K -1K Leads 87 and 88 are coupled to
heating el ement 89 to provide current through heating el enment 89. As shown
in Fig. 7, heating elenent 89 is a bar of resistive nmaterial but
alternately my be a wire or athin filmlayer. Awre 99 may be w apped
around | eads 97 and 98 to formcoils ngtegg 1 which heat |eadg 97 and 98
which in turn would rai se the tenperat terial 82. Nhgnet|c field
lines 110 through 112 are shown enmanating from upper surface 67 of..| ayer 66
and passing through material 82 which nmay be, for exanple, FeRh or “FeRu.
The magnetic field is sensed by determ ning whether material 82 has gone
through a transition in its electronic state fromantiferronmagnetic
material to ferromagnetic material by y of fthe resistance off material 82
which is greatly reduced in the ferr%
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~FeRh'is a unique binary netallic systemw th an antiferronmagnetic ground
state which can be switched to a ferromagnetic state with a predeterm ned
magnetic field with no change in crystallographic structure. FeRu, FePd or
MhPt CLAIMS 1. An
apparatus for detecting a magnetic field conprising:., .. . a material
having a critical field Herr] consisting of at |east., one *f%pe.ol Jddmgnetic
atomor ion and at |east one type of nonmagnetic atorhof*"i"6h, ~° ~ said
magnetic atons or ions being regularly arrayed in a crystal interspersed
MW th said nonmagnetic atons or ions, said nmagnetic atons or ions of
said material at a predetermined tenperature being antiferromagnetically
aligned with all nearest neighbor magne8i% atonms or ions at first tines
when said magnetic field to be detected being belowthe critical field

H err] adjacent | 50 36 39}
1 b e 1
) .
MOMENT ‘ i
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. sal d material, said magnetic atons or ions of said material at said
‘predeterm ned tenperature being changed to ferromagnetic order at second
ti mes when said magnetic field to be detected being increased above a
predet ermi ned val ue whereby the magnetic field in said nmaterial being
greater than the critical field Herr], first means {of.contralling
the tenperature of said material within a predeterm ned: range, and °°:°
second neans for determ ning whether said material is ferromagnetically
ordered. 2. The apparatus of claiml1l w/sein said material is positioned
in a head for use in retrieving data from magnetitc storage nedia in a
nmenory system 3. The apparatus of claim1 wherein said material is 'FeRh.

4, The apparatus of claim 1 wherein said second neans includes third
means for passing a current through saidlnﬂFﬂ'ﬁg, d fourth neans
for generating a signal indicativd0of the voItJL s*acY¥oss said material. 5.

The apparatus of claim1l wherein sai\first neans includes neans for
controlling the tenperature T of saidsmaterial at TO.1 Kel vin.
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" 6. * The apparatus of claim 1 wherein said tenperature is below the
transition tenperature T[err] of said material at a predeterm ned
pressure. 15 7. The
apparatus of claim6 wherein said tenperature is |lgss.that. Q.1 K Jbel ow
said transition tenperature. 8. The apparatus ofi"¢rai‘h L.whdr €in, sai d
magnetic atoms or ions are selected fromthe group cdbnskstdhg "of* T, Fe,
Co and Ni. 9. The apparatus of claim1l wherein said material is M Pt.
10. The apparatus of claim1 wherein sa%g material is FeRh. 11. The
apparatus of claim1l wherein said mater P is selected fromthe gr oup
consisting of MiPt and FePd. 12. A nenory systemfor retrieving data
stored in a nagnetic |ayer conpri sing: a disk including said magnetic
| ayer thereon, said material having a critical field

FIG. 7
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H eer],: + a positioner for noving said disk rel |veL§f2a qﬁg% s
said head positioned to intercept magnetic flux energifg . r% ar hrn g .to
said magnetic |layer for generating signals indicatiEEE"""""”'fEagsigﬂgxﬂf—
in said magnetic layer, said head including a material consisti’hg of at

| east .one type of magnetic atomor ion and at |east one type of
nonmagneti c atom or ion, sai d nagﬁgric atons or ions being regularly
arrayed in a crystal interspersed with said nonmagnetic atons or ions,
said magnetic atons or ions of said nmaterial at a predeterm ned tenperature
being antiferromagnetically aligned with all nearest nei ghbor magnetic
atons or ions at first tines when said magnetic field to be detected being

bel ow t he crjtd ' | ' ' |

magneti c at ﬁélgﬁbi %‘%gbgféﬂs g’#’%i‘%gﬂéﬁlg gﬁ%?@ﬁ&%%?@?ﬁ%%ﬂ%ﬁ%@? ure
bei ng changed to ferromagnetic order at second tinmes when said magnetic
field to be detected being increased above a predeterm ned val ue whereby
the magn&BSIRACTd in said material being greater than the critical field
Herr], ;

An apparatus and method for detecting a magnetic field has been described incorporating a -_

material which switches from an antiferromagnetic order to a ferromagnetic order upon the
application of a magnetic field and wherein the material is FeRh, FeRu, FePd or MnPt, a
heating element (81) for controlling the temperature of the material and a current source (92)
for sensing the change of -resistance of the material to determine when the material is
ferromagnetically ordered. The invention overcomes the problem of small changes in
resistance of magnetoresistive sensors operating in only the ferromagnetic order.

Fig. 6
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first means for controlling the tenperature of sai i
pr edet er m ned second neans for detprﬂﬂwmﬁ@t%ﬁs

material is ferromagnetically ‘ordered. 13. The ngnory gy | &}
wherein said second nmeans includes third greans forﬂfpasgﬁgf@jéﬁte

through said material, and fourth neans for g a Sl gna
indicative of the voltage across said material. 14. The nmenory system of
clai m 12 whRr girforiainétioBitaei #ld réadFemhof thé recordedrimforyations wes achieviedi by 12
wherein said first neans includes neans for controlling the tenperature of
sai d mat er cadveatior) elecifeh beam mitfoscdpye Thafernomagsetism of thelfil be erased,
said magnetic atons or ions are selected formthe group conmshggqof Wh,

Eﬁpt Co andbiicoolingtheTilen belowrthe $xpnsition ssmperathise Yo theiantissrromagngtiosiaie eLpY i s

the application of a strain to the film.
'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 an apparatus for
detecting a magnetic field comprising: a material having a critical field H, consisting of
at least one type of magnetic atom or ion and at least one type of nonmagpetic atom or
jon, said magnetic atoms or ions being regularly arrayed in a crystal interspersed with
said nonmagnetic atoms or ions, sa1d magnetic atoms or ions of said matenal at a
predetermined temperature being antlferromagnctlcally aligned with all nearest nelghbor
magnetic atoms or ions at first times when said magnetic field to be detected being below _
the critical field H,, adjacent said material, said magnetic atoms or ions of said material
at said predetermined temperatlire being changed to ferromagnetic order at second. times
when said magnetic field to be detected being increased above a predetermined value
whereby the magnetic field in said material being greater than thé critical field H,,., first
means for controlling the temperature of said material within a predetermined range, and
second means for determining whether said material is ferromagnetically ordered.

According to another aspect of the present invention there is provided a memory
system for retrieving data stored in a magnetic layer comprising: a disk including said
magnetic layer thereon, said material having a critical field Hg,, a positioner for moving
said disk relative to a head, said head positioned to intercept magnetic flux emefging or
returning to said magnetic layer for generating signals indicative of the data stored in
said magnetic layer, said head including a material consisting of at least one type of

magnetic atom or ion and at least one type of nonmagnetic atom or ion, said magnetic
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18. The nenory system of claim 12 wherein said materi al (m=s=FeRu—=28.~Fhe-
menory system of claim 12 wherein said material is sel tﬁmLAGEMENH@%QTEﬁu
consisting of MnPt and FePd. 20. The nenory system of il ai m%zsgpwqgagn ;
said tenperature is below the transition 3at enperature 'ﬁE €ratd ..nfvsald.. ... !-‘
material at a predeterm ned pressure and at a predeternt } Hed
magnetic field. 21. The menory system of claim 20 wherein said tenperature
i s | ess tha&#ems or {ons beingregelay tarrayed tin ancrystah interspersed with. said nonmagnetic
magnet or esi stive sensor positioned in the head_ of_ head/ di sk assenbly

conpri si ng:AOMms or jongy;said magnghe  atpmp orofonseph said, imaterial sty po PEedaiEpined
FACRETINENUIR AT s 0 e B
et Fert oS et B BRAMES ohBR R Bapink, Adb o TERerdddl Blibt Wy 48 eteat o
Sate i n oA FnGdidct @id SO REY fiabeRl o of o0t o5’ AFRBHICE faid

passing el ?Eédei&ﬁim%fehﬂié}atﬁﬁérwﬁ‘ chtigld 16 ¥&Fbihgnefib Grder at secdnd fifdedHARA

for generating a signal “indicative of the voltage across said material.
said magnetic field to be detected being increased above a predetermined value whereby

the magnetic field in said material being greater than the critical field H,, first means
for controlling the temperature of saidlmatcrial with a predetermined temperature range,
and second means for determining whether said material is ferromagnetically ordered.
According to still another aspect of the present invention there is provided a
magnetoresistive sensor positioned in the head of head/disk assembly comprising: a
material consisting of FeRh having a surface adapted for positioning in the proximity of
the surface of said disk, first means for controlling the temperature of said material
within a predetermined temperature range whereby said FeRh transitions from an
antiferromagnetic state to a ferromagnetic state in a first predetermined magnetic field
and from a ferromagnetic state to an antiferromagnetic state in a second predetermined
magnetic field, second means for passing electrical current through said material, and
third means for generating a signal indicative of the voltage across said material.
According to yet another aspect of the present invention there is provided a method
for detecting a magnetic field comprising the steps of: selecting a material having a
critical field H,, said material consisting of at least one type of magnetic atom or ion
anci at least one type of ﬁonmagnetic atom or ion, said magnetic atoms or ions being
regularly arrayed in a crystal interspersed with said nonmagnetic atoms or ions, said
magnetic atoms or ions of said material at a predetermined temperature being
antiferromagnetically aligned with all nearest neighbor magnetic atoms or ions at first

times when said magnetic field to be detected being below the critical field H,, adjacent
REPLACEMENT SHEET
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17 23: The magnetoresistive sensor of claim22 furtherdnecluding a head
housing for supporting said material, said head houg| pgppsGEENT SREET
attachnment to a slider. 24. A method for detecting .g magnetic fiel
conprising the steps of: sel ectinggg materi al ;a\;jﬁ@g__aﬁgs pi_ﬁep{_"f el d
Herr], said material consisting of at |east one ty;ﬁe e—atany or
ion and at | east one type of nonmagnetic atom or ion, sai d magnetic
atoms or isaib thaterigl, r sajdi| magyetinr atopasd or nioas cofy saidl material s ple ras gaedeterminedhi d
nonmagneti c atons or _i ons, said magnetic atons qr ions of said |

mat eri al demperptwrgdeingrhanged daferramagnetisaarde ataeeende Hmgsnyieat saidh magnetic

al i gned wi al | neares}. nei ghbor netic atons.or, ions at first tines
when sai d fﬁega tatheceteoded;beige ncraased abave b Bredsienings) Yae ?!ﬁ?rpf)x dbe magpefic
Herr] ad jons of said

]2 8650 i R i o, B R, o, Ul

of said material within a predetermined temperature range, and determining whether said

Ty

~f [enaWalal
O1—HA-a¢

material is ferromagnetically ordered.
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changed to ferromajnetic order at second times when said magnetic field to

be det ect ec1 Iﬂﬂmm mﬂmﬂs'mj above @& predetermined val ue whereby the
magnetic fi A RS t i al being greater than ' HH

Herr], control'lihg the tenperaturesof said ma RERUACKEMENTSHE |
predeterm ned tenperature range, and det er m nling vx/neté%?s?g, 1_
material is ferromagnetically ordered. 25. The nethhqdbaé TliMn' 24 Turtiher

i ncluding the step of positioning sai dOkAIMS$al in a SE 1IN
retrieving data from magnetic storage nedia in a nenory system 26. The
met hod of di-ai nARAPRAWHS for detesting & Magpetigchield RUMPHUNEnC| udes the steps of:

PR L o 0 R e i AT S B,
ther 1 Syt A AR B8 om0 he
sherel n S5l 4 oG BhaRl A0l UL S8R0 o SHUEF DAL in,,

sai d mat er isglq @innfhgBE@CMoRIsBr1i6Ak, Pr essure and at a predeterm ned applied
magnetic field. ’

said magnetic atoms or ions of said material at a predetermined temperature being
antiferromagnetically aligned with all nearest neighbor magnetic atoms or ions at first
times when said magnetic field to be detected being below the critical field H,, adjacent
said material,

said magnetic atoms or ions. of said material at said predetermined temperature
being changed to ferromagnetic order at second times when said magnetic field to be
detected being increased above a predetermined value whereby the magné.tic field in said -
material being greater than the critical field H,,,

first means for controlling the temperature of said material within a predetermined
range, and

second means for determining whether said material is ferromagpetically ordered.
2.  The apparatus of claim 1 wherein said material is positioned in a head for use in
retrieving data from magnetic storage media in a memory system.
3.  The apparatus of claim 1 wherein said material is FeRh.
4.  The apparatus of claim 1 wherein said second means includes third means for
passing a current through said material, and

| fourth means for generating a signal indicative of the voltage across said material.

5.  The apparatus of claim 1 wherein said first means includes means for controlling
the temperature T of said material at T+0.1 Kelvin.
6. The apparatus of claim 1 wherein said temperature is below the transition

temperature T, of said material at a predetermined pressure.
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18 29. The method of claim 24 wherein said step of L m‘%s
the step of ﬁﬂllmulu:lulﬁu'ﬁmlﬂature wherein said te ureg%lgis I han
0.1 K bel ow enperature T[err] of s |d rrat_e6| SEIJa -g\

pr edet er m ned pressure "and at a predeteryg ned appl i RPHAgnstie—f — 30.
The nethod of claim 24 wherein said step of selectin a materl al includes
selecting a material with nmagnetic atoms or ions selected fromthe group
consi sting70f Whe apparatie of ateimNb whefin sdidaempéeratude @ lesy tham (22 Kaheslewrsaihi d
step of selecting a material includes selecting a material fromthe group
consi st i ngtrasitieRempessuLe. FePd and MPt .

8.  The apparatus of claim 1 wherein said magnetic atoms or ions are selected from the
group consisting of Mn, Fe, Co and Ni.
9.  The apparatus of claim 1 wherein said material is Mn Pt.
10. The apparatus of claim 1 wherein said material is FeRh.
11. The apparatus of claim 1 wherein said material is selected from the group
consisting of MnPt and FePd.
12. A memory system for retrieving data stored in a magnetic layer comprising:

a disk including said magnetic layer thereon, said material having a critical field
Her,

a positioner for moving said disk relative to a head,

said head positioned to intercept n:1agnetic flux emerging or returning to said
magnetic layer for generating signals indicitive of the data stored in said magnetic layer,
said head including a material consisting of at least one type of magnetic atom or ion and
at least one type of nonmagnetic atom or ion,

said magnetic atoms or ions being regularly arrayed in a crystal interspersed with
said nonmagnetic atoms or ions, |

said magnetic atoms or ions of said material at a predetermined temperature being
antiferromagnetically aligned with all nearest neighbor magnetic atoms or jons at first
times when said magnetic field to be detected being below the critical field H., adjacent
saiq material,

| said magnetic atomé or ions of said material at said predetermined temperature

being changed to ferromagnetic order at second times when said magnetic field to be
detected being increased above a predetermined value whereby the magnetic field in said
material being greater than the critical field H,,

first means for controlling the temperature of said material with a predetermined

temperature range, and REPLACEMENT SHEET
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reghet-oFestst+hve sensor of cl aiim-22-f u=ther—Fact udi n
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. . a1 ng
¥ ﬁ | “m sugporting said faterial, said heddpzpsteieBNHGHERRPE ed
fE‘ E%l‘ﬁimm }a slli d@i6 Sgpﬂ?‘ﬁ A et hod for det egtnl ngLa 4 I Pel d
S

[
conprising the gt @ps._of : ellectgd a materi di ;-j-cz;@-ns.l'.gﬁgi--ﬁgat It
| east one type of magnetic atomorl ion and at | edst-ore=type—o =
nonnmagneti c at or-e+——ef+ saf¥d magnetic atons or ions being
regul arly arr ayesbndrmeans for detgrminingiwhethes said snatenidl tin feseanzpgnetically esderedat ons
or ions, sai d nmagnetic atonms or_ions_ being antiferrorr?l(l; etjcall
3}] i gned \é\ll fl. alMhemaemesst systany Qb Glaimralfnwhereinsaig gecgpd jmsaas 1nc ‘{;}F t#‘i"?é’ﬂ nes

en said magnetic field to be detected. is below a first predeterm ned
val ue adj ad@nPassiBg & GuErest fhipug S maetial; 3 gnet i ¢ atons or i oﬁs bei ng

H . . . :
changed to fguerrﬂ{ ana 5 otrI g%né)ra eé agltgnglelﬁ&ggti\;e' dfikie %ﬁ&esd@fdgs URE Hedtbrfal,

14. The memory system of claim 12 wherein said material is FeRh.

15. The memory system of claim 12 wherein said first means includes means for
controlling the temperature of said material at T+0.1 Kelvin.
16. The memory system of claim 12 wherein said magnetic atoms or ions are selected
form the group consisting of Mn, Fe, Co and Ni.
17. The memory system of claim 12 wherein said material is MnPt.
18. The memory system of claim 12 wherein said material is FeRu.
19. The memory system of claim 12 wherein said material is selected form the group
consisting of MnPt and FePd. |
20. The memory system of claim 12 wherein said temperature is below the transition
temperature T, of said material at a predetermined pressure and at a predetermined
applied magnetic field.
21. The memory system of claim 20 wherein said temperature is less than 0.1 K.
below said transition temperature.
22. A magnetoresistive sensor positioned in the head of head/disk assembly
comprising:

a material consisﬁng of FeRh having a surface adapted for positioning in the
proximity of the surface of said disk,

.. first means for contfolling the temperature of said material within a predetermined
temperature range whereby said FeRh transitions from an antiferromagnetic state to a
ferromagnetic state in a first predetermined magnetic field and from a ferromagnetic state
to an antiferromagnetic state in a second predetermined magnetic field,

second means for passing electrical current through said material, and

third means for generating a signal indicative of the voltage across said material.



e I 557, 0 e

t enper at Ur e ‘rahge" &hd * det erm ni ng whet her: sai df Raferral
ferromagnetical ly or der ed. 12. The et hod of cI‘ | mi-iﬁ __________
I ncluding the step of positioning said material i D& """

retrieving data from nmagnetic storage nedia in a nory system 13.
The net hod 23f hei magtetotesistive sepsod oft elpinp22d furéheri including a liead | hobsingt For
steps of passing a current through said mat eri al, and YO 993
034 supporting said material, said heg@housing adapted for attachment to a slider.

24. A method for detecting a magnetic field comprising the steps of:

selecting a material having a critical field H,, said material consisting of at least
one type of magnetic atom or ion and at least one type of nonmagnetic atom or ion,

said magnetic atoms or ions being regularly arrayed in a crystal interspersed with
said nonmagnetic atoms or ions,

said magnetic atoms or ions of said material at a predetermined temperature being
antiferromagnetically aligned with all nearest neighbor magneﬁc atoms or ions at first
times when said magnetic field to be detected being below the critical field H,. adjacent
said material,

said magnetic atoms or ions of said material at a predetermined temperature being
changed to ferromag:netic order at second times when said magnetic field to be detected
being increased above a predetermined value whereby the magnetic field in said material
being greater than the critical field H,,,

controlling the temperature of said material within a predetermined temperature
range, and

determining whether said material is ferromagnetically ordered.
25. The method of claim 24 further including the step of positioning said material ina
head for use in retrieving data from magnetic storage media in a memory system.
26. The method of claim 24 wherein said step of determining includes the steps of:

passing a current through said material, and

generating a signal indicative of the voltage across said material.
27. The method of claim 24 wherein said step of controlling includes the step of
controlling the temperature of T+ said material at T+0.1 Kelvin.
28. The method of claim 24 wherein said step of controlling includes the step of
selecting said predetermined temperature range below the transition temperature T, of

said material at a predetermined pressure and at a predetermined applied magnetic field.
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generating a Hi ' m um of the voltage across said . .. .pg&aterial™

14. The nmet hoﬁlmﬁu"m IWI rein said step of control I_Jng ,s.::-g.:eg_\srrraﬂqfde
the step of cohtrollindg tfhe tenperature of said rffat Bt i al M gg
tenperature range of 0.1 Kelvin. 15. The nmet hod of c aurnIl6 er.n. sg_l__id
step of controlling I ncl udes the step of selecti ng sal @:ﬁf@d@ﬁﬁ'ﬁ‘ﬁed
terrperature range below the transition tenperature T[err] sai d

materi al a29%a daetbpd ofeelapn 2k whereim aigh stap of coniolling mcilﬁd%dhamm of

magnetic fi

16. Th hod of _cl 11 wh
control i nﬁéectmgl %Eq"ERfé%te“’que gt%%gaéq (t:%%%m E“ieriﬁ %%éeﬂ@"pél z Zo‘g't @ﬁ??grfgﬁ transition
t t f 1K bel to,th
b ot o IR B O 4 ekl oS R b, sl S F bR
a predet er%{ﬁﬁﬁxﬁ%@% qield magnetic field. 17. The mat e_ri a! of any one
al €

of the abo I'mg selected fromthe group consisting of W, Fe,

Co d N
o Eth ! =30 “PEE Endéig(%{‘%%nﬂbﬂ%&ém sRiASstepQSf deleBlihg B Sodbr AnGRAS s%iécﬁﬂg

a matenal with magnetic atoms or ions selected from the group consisting of Mn, Fe, Co

and Ni.
31. The method of claim 24 wherein said step of selecting a material includes selecting
a material from the group consisting of FeRh, FeRu, FePd and MnPt.
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