DESCRIPTION

MAGNETIC THIN FILM AND APPLICATION DEVICE INCLUDING MAGNETIC

THIN FILM
Technical Field
[0001] The invention, some embodiments of which are
describedinthe presentspecification, relatesto amagnetic
thin film comprising an ordered alloy. More speci fically,
some constitutional examples ofthe embodimentsrel atetothe
magneticthinfilminwhichthe orderedalloy compr iIsesFeand

PtasmainingredientsandfurthercomprisesSc.
invention, some of embodiments of which is describe
present specification, relates to an application de

comprising the above-described magnetic thin film.

Background Art

[0002] The application device comprising the magnet
thin film includes a magnetic recording medium, a t
magneto-resistive element (TMR), a magneto-resistiv
accessmemory (MRAM), amicroelectromechanicalsys
device, and the like.

[0003] The magnetic recording medium will be explai
asthefirstexampleoftheapplicationdevicescom
magneticthinfilm. The magneticrecordingmedium
aharddiscdrive,amagneto-optical(MO)disc,am

andthelike. Magneticrecordingsystemsusedthe
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an in-plane magnetic recording system and a perpend

magnetic recording system.

icular

[0004] The in-plane magnetic recording system is a

conventionally used system wherein magnetic recordi

conductedhorizontallywithrespecttothe surface

disc, for example. However, the perpendicular mag

recordingsystemhavebeenmainlyusedinrecentye
magneticrecordingisconductedperpendicularlyto

of the disc, and higher recording density can be ac

[0005] A magnetic recording medium using

perpendicular magnetic recording system (hereinafte

referred to as "perpendicular magnetic recording me

least comprises a non-magnetic substrate, and a mag

recording layer formed of a hard-magnetic material.

Optionally, the perpendicular magnetic recording me
further comprise: a soft-magnetic under layer playi
inconcentratingthemagneticfluxgeneratedbyam

onto the magnetic recording layer; a seed layer for

the hard-magnetic materialinthe magneticrecordin
an intended direction; a protective film for protec
surface of the magnetic recording layer; and the li
[0006] Anurgentneedforreductioninthegraindi
ofthe magneticcrystalgrainsinthe magneticlaye
recentyears,inordertofurtherincreasethereco

ofthe perpendicularmagneticrecordingmedium. O
hand, the reduction in the grain diameter of the ma

crystalgrainsleadstoadecrease inthermal stabi
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recordedmagnetization. Thus,themagneticcrysta
the magnetic layer need to be formed of materials w
magnetocrystalline anisotropies, in order to compen
decreaseinthermalstabilityduetothereduction
diameter of the magnetic crystal grains.

[0007] However, the magneticrecording medium havin
magnetic recording layer formed of the material wit
magnetocrystalline anisotropies possesses a high co
forcewhichmakesitdifficulttorecordmagnetizat
Inordertoovercomethisrecordingdifficulty,ene

magnetic recording systems such as a heat-assisted
recording system and a microwave-assisted magnetic
systems have been proposed. The heat-assisted mag
recordingsystemutilizestemperaturedependenceof
anisotropy constant (Ku) of the magnetic material,

property that the Ku decreases as the temperature r

head havingafunctiontoheatthe magneticrecordi

used inthis system. Thatis, writing is conducte
magneticswitchingfieldisreducedbyraisingthe
ofthemagneticrecordinglayertotemporarilydecr
Oncethetemperaturedrops,recordedmagnetization

stably, since the Ku returns to the original high v

[0008] Thetunnelmagneto-resistiveelement(TMR)a
magneto-resistiverandomaccessmemory(MRAM)invol

will be explained, as the second example of the app

devices comprising the magnetic thin film. Conven

memoriessuchasaflashmemory, astaticrandomac
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(SRAM), and a dynamic random access memory (DRAM) r ecord

informationwithelectronsinamemorycell. Ont heotherhand,
the MRAM is a memory using a magnetic body, whichi sthe same
as the hard disc and the like, as a recording mediu m.
[0009] TheMRAMhasanaddressaccesstimeofappro ximately
10nsandacycletimeofapproximately20ns. Th erefore,the
reading/writing rate of the MRAM is approximately f Ive times
faster than that of the DRAM, and comparable with t hat of the
SRAM.  Further, the MRAM has advantages of low pow er
consumption that is approximately tenth of that of the flash
memory, and capability of higher density integratio n.

[0010] TheTMRusedintheMRAMcanbeproducedby various
techniques. For example, a stacked body comprisin g the TMR
can be obtained by forming a ferromagnetic thin fil m onto an
anti-ferromagneticthinfilm. Japanese PatentLai d-OpenNo.
2005-333106 (PTL1) discloses an exchange-coupled de vice in
which an anti-ferromagnetic layer and a ferromagnet ic layer
whichisexchange-coupledwiththeanti-ferromagnet iclayerare

sequentially stacked onto a substrate, and the
anti-ferromagneticlayercomprisesanorderedphase ofanMn-Ir

alloy (Mn  3lr). A schematic cross-sectional view of the TMR

includingthe above-describe exchange-coupleddevic eisshown
in Fig. 5 of the above document. Further, a spin- valve
magneto-resistive element comprising the exchange-c oupled

device is shown in Fig. 4 of the above document.
[0011] The micro electromechanical system (MEMS)d evice

will be explained, as the third example of the appl ication



devices comprising the magnetic thin film. The ME

is a general term for devices in which mechanical ¢
parts, sensors, actuators and/or electronic circuit
integrated onto a single substrate. The useful su
includesasiliconsubstrate,aglasssubstrate,an

of organic material. Exemplary application of the
devicesincludes a digital micro mirror device (DMD
one of optical elementsinaprojector; amicronoz
aheadofaninkjetprinter;andvarioussensorssu

sensors, accelerometers, and flow sensors. Inrec

it is expected that application of the MEMS device

developed in a field of medical care, in addition t

manufacturing industry.
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[0012] There is a need of improvement in magnetic

propertiesofthemagneticthinfilm, particularly
a uniaxial magnetic anisotropy constant (Ku), in al
above-described application devices (the magnetic r

medium, TMR, MRAM, and MEMS device). Inthis cont

considered that development of the magnetic thin fi

exhibiting such excellent Ku will greatly contribut
increaseincapacityand/ordensityoftherecordin

memory.

[0013] Ordered alloys have been received attention

investigatedactively,asacandidateforamateria
the excellentKu. Interestedorderedalloysinclu
materialssuchasFePtand CoPt. Searchofadditi
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continued. In this context, Japanese Patent Laid-
2010-135610(PTL2)proposesamagneticthinfilmco
L1,typeCo-Pt-Corderedalloy. Thisorderedalloyo
comprises at least one additional element selected
group consisting of Ni, Fe, Mn, Cr, V, Ti, Sc, Cu,

Ru, Mo, Nb, Zr, Ag, Ir, Au, Re, W, Ta, Hf, Al, Si,
However,influenceoftheseadditionalelementson

thin film has not been investigated concretely.

[0014] Japanese Patent Laid-Open No. 2008-059733 (P

proposes a magnetic recording medium having a magne

recordinglayerwithagranularstructure,wherein

recordinglayerconsistsofmagneticcrystalgrains

ofanLl otypeorderedalloysuchasFePd,FePt,CoPtandMn

andanon-magneticcrystalgrainboundaryconsistin
Here, the oxide consists of oxygen and one or more
which at least one of the elements has a negative r
potential. Scandium(Sc)isdescribedasanexemp
which constitutes the oxide. However, the above d
magnetic recording layer with the granular structur
evaluated in the above document. In addition, the
documentdoesnotteachorsuggestintroductionof
element to the L1 o type ordered alloy.

[0015] As described above, it is the current state
Sc as the material to be added to the ordered alloy
investigated. Thereisalmostnoadvanceinthei

ofmagneticpropertiesoftheorderedalloystownhi

especiallythemagneticanisotropyconstantKuofs
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alloys.

Citation List

Patent Literature

[0016]
PTL1: Japanese Patent Laid-Open No. 2005-333106
PTL2: Japanese Patent Laid-Open No. 2010-135610
PTL3: Japanese Patent Laid-Open No. 2008-059733

Summary of Invention

Technical Problem

[0017] The purpose of the invention, some embodimen
whicharedescribedinthepresentspecification,i

amagnetic thin film with a high magnetic anisotrop
Kuandahighcoercive force Hc, and to provide an

device comprising the magnetic thin film.

Solution to Problem

[0018] A magnetic thin film which is one of exempla
embodimentsofthepresentinventioncomprisesano
whereintheorderedalloycomprises:atleastonef

selected from the group consisting of Fe and Ni; at

second element selected from the group consisting o

Au and Ir; and Sc. Preferably, the first element

the second element is Pt. Further, the ordered al

ts of
stoprovide
y constant

application

ry
rderedalloy,
irstelement
leastone
fPt, Pd,

is Fe and

loy

preferably has an L1 o type ordered structure. Besides, the

magnetic thin film of this embodiment may have a gr

anular



structureconsistingofmagneticcrystalgrainscom
above-describedorderedalloyandanon-magneticcr
boundary.  The non-magnetic crystal grain boundary
comprise at least one material selected from the gr
consistingofcarbon,boron,anoxideandanitride

a micro electro mechanical system can be produced w
magnetic thin film of this embodiment.

[0019] A magnetic recording medium which is
exemplary embodiments of the present invention comp
non-magneticsubstrateandamagneticrecordinglay

the magnetic recording layer comprises the above-de
magnetic thin film.

[0020] Atunnelmagneto-resistiveelementwhichis
exemplary embodiments of the present invention comp
fixedmagneticlayer,afreemagneticlayer,anda
whereinthebarrierlayerisdisposedbetweenthef
layerandthefreemagneticlayer,andatleastone

magnetic layer and the free magnetic layer comprise
above-describedmagneticthinfilm. Amagneticra

memory can be produced with this tunnel magneto-res

element.

Advantageous Effects of Invention

[0021] Byadoptingthe above-described constitution
magneticthinfilmwhichisoneofexemplaryembodi
presentinventioncanexhibitbothofahighmagnet

constant Ku and a high coercive force Hc. Further
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magnetic thin film having the above-described prope
usefulasthemagneticrecordinglayerinthemagne
medium having a high recording density. Further,
considered that the above-described magnetic thin f
effectivetominiaturizationofthemagneto-resisti
andincreaseinintegrationdegreeofthemagnetic

memory and micro electro mechanical system.

Brief Description of Drawings
[0022]

[Fig. 1] Fig.lisaschematiccross-sectionaldia
showing a configuration example of the magnetic rec
medium of the second embodiment;

[Fig. 2] Fig.2isaschematiccross-sectionaldia
showingaconfigurationexampleofthetunnelmagne
element, wherein Fig. 2(a) shows a state where the
"0"isrecorded, and Fig. 2(b) shows a state where
of "1" is recorded;

[Fig. 3] Fig.3isaschematiccross-sectionaldia
showingaconfigurationexampleofthemagneto-resi
access memory;

[Fig. 4] Fig.4isagraphicalrepresentationshow
the relationship of the content of Sc and the lengt
aand c axes of the crystal lattice in the magnetic
medium of Example 1;

[Fig. 5] Fig.5isagraphicalrepresentationshow

the relationship of the content of Sc and the coerc
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Hc in the magnetic recording medium of Example 1; a nd

[Fig. 6] Fig.6isagraphicalrepresentationshow ing
the relationship of the content of Sc and the magne tic
anisotropy constant Ku in the magnetic recording me dium of
Example 1.
Description of Embodiments
[0023] A magnetic thin film of the first embodiment
comprises an ordered alloy, wherein the ordered all oy
comprises: atleast one firstelement selected from the group
consisting of Fe and Ni; atleast one second elemen tselected
from the group consisting of Pt, Pd, Au and Ir; and Sc.
Preferably,theorderedalloyhasanL1 otypeorderedstructure.
ThepreferableL1 otypeorderedalloyincludesFePtScandFePdSc.
Further, the especially preferable L1 o type ordered alloy
includesFeasthefirstelement,Ptasthesecond element,and
Sc.
[0024] Inthe ordered alloy used in thisembodiment ,the
ratio of the firstelementto the second elementis inarange
from 0.7 to 1.3, preferably in arange from 0.8 to 1.1, based
on the number of atoms. By adopting the compositi onal ratio
within these ranges, it becomes possible to obtain alLl otype
ordered alloy having a high magnetic anisotropy con stant Ku.
[0025] Preferably, Sc in the ordered alloy used in this
embodimentis Sc ata zerovalent oxidation state, t hatis, Sc
in a metallic state. Without intending to be limi ted by any
theory, it can be considered that addition of Sc re sults in

-10 -



deformation in which the length of the c axis of th
latticeoftheL1
anisotropyconstantKuandahighcoerciveforceHc
bythisdeformationofthecrystallattice. Theo
doesnotcontain Scinahigher oxidation state suc

of Sc, since itisdifficultto be considered that

effect of this embodiment can be achieved by compou
inthe higher oxidation state. Thisisbecause su
ofotheratomswiththe compoundsofScinthehigh

state, or a process to deform the crystal lattice s
intrusion ofthe compounds of Scinthe higheroxid

into the lattice hardly occurs in principle.

[0026] Inthisembodiment,alloftheatomsinthe

alloy do not necessarily possess the ordered struct
Instead, it is necessary that the degree of order S
represents alevel of the ordered structure, is not

a predetermined value. The degree of order Sis d

by measuring the magnetic thin film by an X-ray dif
method (XRD), and calculatingaratio ofthe measur

a theoretical value in a completely ordered state.
L1,typeorderedalloy,thedegreeoforderSiscalcu
integrated intensities of (001) and (002) peaks due
orderedalloy. ThedegreeoforderSisdetermine
aratioofthe measuredintegrated intensity ofthe
tothatofthe (001) peak, by atheoretically calcu

of the integrated intensity of the (002) peak to th

(001) peak in the case where the ordered alloy is ¢
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ordered. Ifsuchobtaineddegree oforderSisno tlessthan
0.5,theorderedalloywillhaveamagneticanisotr opyconstant

Ku practical for the magnetic thin film.

[0027] Themagneticthinfilmofthisembodimentma yhave
agranularstructurewhichconsistsofmagneticcry stalgrains
consisting of the above-described ordered alloy and a
non-magneticcrystalgrainboundary. Here,theno n-magnetic
crystal grain boundary may comprise carbon (C), bor on(B),an
oxide and a nitride. The oxide useful in the non- magnetic
crystal grain boundary includes SiO 2, TIO », and ZnO. The
nitride useful in the non-magnetic crystal grain bo undary
includesSiNandTiN. Inthegranularstructure, themagnetic
crystal grains are magnetically separated from each other by
the non-magnetic crystal grain boundary. When the magnetic
thinfilmisusedasthemagneticrecordinglayero famagnetic
recording medium, this magnetic separation contribu tes

improvement in SNR of the magnetic recording medium

[0028] The magnetic thin film of this embodiment is

preferably formed by a sputtering method involving heating of
a substrate. Any method well known in the art, su chasaDC
magnetronsputteringmethodandan RF sputteringme thodcanbe
used asthe sputteringmethod. Thisisalsothec aseforthe
descriptionof'sputteringmethod"inthefollowing explanation,
unless otherwise described. The substrate tempera ture when
formingthemagneticthinfilmispreferablywithin arangefrom
400°Cto500°C. Byadoptingthesubstratetempera turewithin
thisrange, itbecomespossibletoimprovethedegr eeoforder

-12 -



SofthelLl  (type ordered alloy material in the magnetic thin

film. Thesputteringmethodmayusetwotargets,
isatargetconsistingofthefirstandsecondelem

other is a target consisting of Sc. Alternatively
sputtering method may use three targets, that is, a
consisting of the first element, a target consistin
secondelement,andatargetconsistingofSc. In

the ratio of the first element, the second element,

the ordered alloy of the magnetic thin film can be

by separately supplying electric powertorespectiv

[0029] The substrate to be used for forming the mag

thin film of this embodiment may be various substra

a flat surface. For example, NiP-plated Al alloy,
glass, crystallized glass, silicon, or MgO can be u
substrate.

[0030] Atargetinwhichmaterialforformingthem
crystal grains and material for forming the non-mag
crystal grain boundary are mixed in a predetermined
beused,whenformingthemagneticthinfilmhaving
structure. Alternatively atargetconsistingof
formingthe magneticcrystalgrainsandatargetco
material for forming the non-magnetic crystal grain
may be used. As described above, a plurality of t

be usedasthetargetforformingthe magneticcrys
Inthis case, the ratio ofthe magnetic crystalgra
non-magnetic crystal grain boundary inthe magnetic

can be controlled by separately supplying electric

-13-
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respective targets.

[0031] The magnetic recording medium of the second

embodiment comprises a non-magnetic substrate and a

recordinglayer,whereinthemagneticrecordinglay

magnetic

ercomprises

atleastone magneticthinfilm ofthe firstembodi ment. For
example, in the constitutional example shown in Fig .1, the
magneticrecordingmediumcomprisesnon-magneticsu bstratel0,
magnetic recording layer 30, and seed layer 20 whic h may be
optionally disposed.

[0032] The non-magnetic substrate 10 may be various
substrateshavingaflatsurface. Thenon-magneti csubstrate

10maybeformedofmaterialcommonlyusedinmagne
media. For example, the non-magnetic substrate 10
formed of NiP-plated Al alloy, tempered glass, crys
glass, MgO, or the like.

[0033] The magnetic recording layer 30 may be a sin
layer or a stacked body of a plurality of layers.
magnetic recording layer 30 consists of a single la
magnetic recording layer 30 is the magnetic thin fi

first embodiment.

[0034] If the magnetic recording layer 30 consists
plurality of layers, at least one of the plurality

isthe magneticthinfilm ofthe firstembodiment.
layersofthepluralityoflayersmaybe:alayerf

of controlling a Curie temperature (Tc); a cap laye
adjustmentofswitchingofmagnetization;anexchan

controllinglayerforcontrollingexchangecoupling

-14 -
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magnetic layers; a magnetic layer for adjustment of
properties; a layer for controlling ferromagnetic r
frequencyforamicrowave-assisted magneticrecordi
orthe like. These layers can be formed by any me

in the art, including the sputtering method.

[0035] The magnetic recording medium of this embodi
mayfurthercompriseoneormorelayersselectedfr
consisting of an adhesive layer, a heat sink layer,
soft-magnetic under layer, an interlayer, and seed
between the non-magnetic substrate 10 and the magne
recording layer 30. Further, the magnetic recordi

of this embodiment may further comprise a protectiv

the magnetic recording layer 30. Further, the mag
recording medium of this embodiment may further com
liquid lubricant layer on the magnetic recording la

the protective layer.

[0036] Theadhesivelayer,whichmaybeformedopti
isusedforenhancingthe adhesion betweenthelaye

it and the layer formed under it (including the non
substrate10). Iftheadhesivelayerisdisposed

surface of the non-magnetic substrate 10, the adhes
canbeformedofamaterialhavinggoodadhesionto

of the non-magnetic substrate 10. Such material i
metalsuchasNi,W, Ta, CrorRu, oranalloy cont

metals. Alternatively, the adhesive layer may be
between two constituent layers other than the non-m

substrate10. Theadhesivelayermaybeasingle

- 15 -
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a stacked structure with plural layers.
[0037] Thesoft-magneticunderlayer,whichmaybe
optionally,controlsthe magneticfluxemittedfrom
headtoimprovetheread-writecharacteristicsoft
recordingmedium. Thematerialforformingtheso

under layer includes: a crystalline material such a

formed
amagnetic
hemagnetic
ft-magnetic

s a NiFe

alloy, a sendust (FeSiAl) alloy, or a CoFe alloy; a

microcrystalline material suchas FeTaC, CoFeNior
an amorphous material including a Co alloy such as
CoTaZr. The optimum thickness of the soft-magneti
layer depends on the structure and characteristics
magnetic head used in magnetic recording. When f
soft-magneticunder layer continuously with other|
soft-magneticunderlayerpreferablyhasathicknes
from10nmto500nm(bothinclusive),inviewofp

[0038]
heat-assistedmagneticrecordingsystem,aheatsin

be provided. The heatsink layeris alayer for e
absorbing excess heat of the magnetic recording lay

is generated during heat-assisted magnetic recordin
heatsinklayercanbeformedofamaterialhaving
conductivityandahighspecificheatcapacity. S
includes a Cu simple substance, an Ag simple substa
simplesubstance,oranalloymaterialcomposedmai
substances. Asusedherein,the expression"compo
of" meansthatthe contentofthe concerned materia

or more. In consideration of its strength or the
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heat sink layer can be formed of an Al-Si alloy, a

or the like. Further, the heat sink layer can be

a sendust (FeSiAl) alloy, a soft-magnetic CoFe allo
like. By using soft-magnetic material, the functi
concentratingaperpendicularmagneticfieldgenera
head can be imparted to the heat sink layer, and th
complementing the function of the soft-magnetic und
The optimum thickness of the heat sink layer depend
amountanddistributionofheatgeneratedduringhe
magnetic recording, as well as the layer configurat
magneticrecordingmediumandthethicknessofeach
layer. When forming the heat sink layer continuou
other constituent layers, the heat sink layer prefe
athicknessof 10 nmormoreand 100 nmorless,in
productivity. Theheatsinklayercanbeformedb

known in the art, such as a sputtering method or a
deposition method. Normally, the heat sink layer

by the sputtering method. The heat sink layer can
between the substrate 10 and the adhesive layer, be
adhesivelayerandtheinterlayer,orthelike,in

of properties required for the magnetic recording m

[0039] The interlayer is a layer for controlling

crystallinityand/orcrystalaxisorientationofth

20 whichis formed on the interlayer. The interla

a single layer or may be formed with a plurality of
Preferably, the interlayer is a non-magnetic film w

formedofCrmetaloralloysinwhichatleastone

-17 -
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from the group consisting of Mo, W, Ti, V, Mn, Ta,
added to Cr thatis a main component. The interla
formed by any process known in the art, suchas a s
method.

[0040] The seed layer 20 has a function to ensure t
adhesion between the underlying layer such as the i
and the magnetic recording layer 30 and a function

the grain diameter and the crystalline orientation
magneticcrystalgrainsinthemagneticrecordingl

isan upper layer of the seed layer 20. The seed
preferably non-magnetic. In addition, the seed la
preferably plays a role of a thermal barrier to con
temperaturerise and temperature distribution ofth
recordinglayer30,whenthe magneticrecordingmed
embodimentisutilizedintheheat-assistedmagneti
system. Inordertocontroltemperatureriseand
distributionofthemagneticrecordinglayer30,th

20 preferably has both of a function to rapidly rai
temperatureofthemagneticrecordinglayer3Owhen
recordinglayerisheated, andafunctiontotransf
inthemagneticrecordinglayer30totheunderlyin

as the interlayer via heat transfer in the depth di
beforeheattransferinthein-planedirectionoft

recording layer 30 occurs.

[0041] In order to achieve the above functions, the

material of the seed layer 20 is appropriately sele

accordance with the material of the magnetic record
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30. More particularly, the material of the seed |
selectedinaccordancewiththematerialofthemag

grainsin the magnetic recording layer 30. Forex

seed layer is preferably formed of Pt metal or an N
compound, when the magnetic crystal grains in the m
recording layer 30 is formed of an L1
Especially preferably, theseedlayer20isformed
such as MgO and SrTiO
layer 20 may be formed by stacking a plurality of |
consisting of the above-described material. The s

20 may have a thickness from 1 nm to 60 nm, prefera

nm to 20 nm, in view of improvement in crystallinit
magneticcrystalgrainsinthe magneticrecording|
improvementinproductivity. Theseedlayer20ca
byanymethodknownintheart,suchasasputterin

a vacuum deposition method.

[0042] The protective layer can be formed of a mate
thatisconventionallyusedinthefieldofmagneti

media. Specifically, the protective layer can be
non-magneticmetalsuchasPt,acarbon-based mater
diamond-like carbon, or a silicon-based material su
silicon nitride. The protective layer may be a si

or have a stacked structure. The protective layer
stackedstructure may have astackedstructure oft
carbon-based material having different characterist

each other, a stacked structure of metal and a carb

material, or a stacked structure of metallic oxide

-19 -
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carbon-basedmaterial,forexample. Theprotectiv elayercan
be formed by any process knownintheartsuchasa sputtering

method, a CVD method, or a vacuum deposition method

[0043] The liquid lubricant layer can be formed of a
materialconventionallyusedinthefieldofmagnet icrecording
media. For example, perfluoropolyether-based lubr icants or
thelikecanbeused. Theliquidlubricantlayer canbeformed
by a coating method such as a dip-coating method or a

spin-coating method, for example.

[0044] A magneto-resistive element of the third

embodiment will be explained. A tunnel magneto-re sistive
element (TMR) will be explained below by way of exa mple, for
conciseness. As shown in Fig. 2, the TMR comprise s fixed
magnetic layer 62, free magnetic layer 64, and barr ier layer
66 between the fixed magnetic layer 62 and the free magnetic
layer 64, wherein at least one of the fixed magneti clayer 62
andthefreemagneticlayer64isthe magneticthin filmofthe

first embodiment.

[0045] The free magneticlayer64isalayerinwhi chthe
directionofmagnetizationcanbechanged. Thema gnetization
can be changed by spin injection with an electric ¢ urrent

through the tunnel magneto-resistive element  60.
Alternatively, the magnetization may be changed wit h an

externally applied magnetic field.

[0046] The barrier layer 66 is a component for prov iding
a barrier for flowing a tunnel current between the fixed
magneticlayer62andthefreemagneticlayer64. Thebarrier
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layer66canbeformedasathinfilmofanoxides uchasmagnesium

oxide (MgO) and aluminum oxide (Al 20;). Thebarrierlayer 66

canbeformedbyanymethodandconditionsknownin

as a sputtering method and a vacuum deposition meth
example.

[0047] Thefixedmagneticlayer62isacomponentd
as a magnetic layer in which the direction of magne
remains intact even when the electric current flows

or the external magnetic field is applied to the tu
magneto-resistive element 60. The magnitude of th
currentflowingthroughthebarrierlayer66canbe
thedifferenceinthedirectionsof magnetizationi

magnetic layer 62 and the free magnetic layer 64.
[0048] The tunnel magneto-resistive element 60 havi
such constitution operates with changing the direct
magnetization in the free magnetic layer 64 with th
currentorexternalfieldsuppliedtotheelement.
thetunnelmagneto-resistiveelementinwhichthem
ischangedbyspininjectiongeneratedbyflowingo

current operates as follow. As shown in Fig. 2(a)
possible to make the directions of magnetizationin
magnetic layer 62 and the free magnetic layer 64 pa
flowing an electric current from the fixed magnetic
tothefreemagneticlayer64. Besides,asshown

itis possible to make the directions of magnetizat

fixed magnetic layer 62 and the free magnetic layer

anti-parallel, by flowing an electric current from
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magnetic layer 64 to the fixed magnetic layer 62.
states shownin Figs. 2(a) and 2(b) can be reversib
eachother. Thetunnelmagneto-resistiveelement
informationof"0"and"1",based onwhetherthedi
magnetization in the fixed magnetic layer 62 and th
magneticlayer64areparalleloranti-parallel.

and 2(b), "0" is assigned to the case where the dir
magnetization in the fixed magnetic layer 62 and th
magneticlayer64areparallel,and"1"isassigned

where the directions of magnetization in the fixed
layer 62 and the free magnetic layer 64 are anti-pa
However, this correlation can be reversed. Furthe
2(a) and 2(b) exemplarily show the case where the d
of magnetization in the fixed magnetic layer 62 and
magnetic layer 64 are horizontal with respect to th
However,thedirectionsofmagnetizationinthefix

layer 62 and the free magnetic layer 64 can be perp
tothelayers. Alsointhiscase, information of

can be stored as a change in magnitude of the tunne
flowing through the barrier layer 66, based on whet
directions of magnetization of the two layers are p
anti-parallel. In addition to the TMR explained a
magneto-resistive element may have a structure in w
fixed magnetic layer 62 and the free magnetic layer
direct contact with each other.

[0049] One constitutional example of a magnetic ran

accessmemory (MRAM) ofthe fourthembodimentissh
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3. Fig.3relatestothe constitutionalexamplei

signal stored in the TMR is changed by an externall
magneticfield. TheMRAMshowninFig.3comprise

70 comprising substrate 72, source 74, drain 76, an
tunnel magneto-resistive element 60 that is in comm
withthesource74viacontact82;wordline84in

withthe gate 78; bitline 86 in communication with
magneto-resistive element 60; and digit line 88 for

a writing magnetic field to the tunnel magneto-resi
element 60.
[0050] Inthe MRAM ofthis embodiment, a signal of
"1" is written into the tunnel magneto-resistive el
withacompositemagneticfieldobtainedbyflowing

current through the bit line 86 and the digit line

bit line 86 and the digit line 88 run in directions
intersectwitheachother,andthereforeitisposs

the signal into the tunnel magneto-resistive elemen

is positioned at the intersection of the bit line 8

digit line 88 through which the electric current fl

[0051] Onthe other hand, the signal of the MRAM 10
be read out by detecting an electric current flowin

bitline 86tothe MOS-FET 70viathetunnelmagnet

element 60 andthe contact82 when avoltageisapp
bitline86inthe statewheretheMOS-FET 70is"o

an electric current through the word line 84. The

current to be detected in this situation correspond

tunnelcurrentofthetunnelmagneto-resistiveelem
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iscorrespondentwiththesignalof'0"or"1". M ethodsother

thantheconstitutionalexampleshowninFig.3may beadopted.
For example, a spin injection type magneto-resistiv e element
may be adopted so that the signal to be stored is ¢ hanged by
an electric current flowing through the magneto-res istive
element.

[0052] Inadditiontotheabove-describedsecondto fourth
embodiments,themagneticthinfilmofthefirstem bodimentcan
be used in a MEMS device. The MEMS device can be formed by
any publicly known technique in which the magnetic thin film
of the first embodiment is incorporated into a pred etermined
member.

[Examples]

[0053] (Example 1)

Non-magnetic substrate 10 was prepared by washing a
monocrystalline (001) MgO substrate having a flat s urface
(manufactured by Tateho Chemical Industries Co., Lt d.).

The washed non-magnetic substrate 10 was brought in to a
sputteringdevice. Then,Ptseedlayer20having athickness
of 20nmwas formed by an RF magnetron sputteringm ethod using

a Pt target in Ar gas at a pressure of 0.4 Pa, afte r the
non-magneticsubstrate10washeatedtoatemperatu reof350°C.
[0054] Next,thenon-magneticsubstrate 10ontowhi chthe
seed layer 20 had been formed was heated to a tempe rature of
350°C, then FePtSc magnetic recording layer 30 havi ng a
thickness of 10 nm was formed by an RF magnetron sp uttering
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method using an FePt target and an Sc target in Ar

pressureof0.6Pa,toobtainamagneticrecording

gas at a

mediumhaving

the structureshowninFig.1. Here,atargethav ingaFe/Pt
ratio of 45/55 was used as the FePt target. Furth er, the
electric power applied to the FePt target was fixed to 300 W,
andthe electric power appliedtothe Sctargetwas changedin

a range from 40 W to 450 W, and thereby the content of Scin
the magnetic recording layer 30 was adjusted.

[0055] ItwasconfirmedbyXRDthatthemagneticre cording
layer 30 of the resultant magnetic recording medium hadall o
type ordered structure. Further, the lengths of t heaandc
axes of the crystal lattice of the L1 o type ordered structure
weremeasuredby XRD. Furthermore,ahysteresisc urveofthe
resultantmagneticrecordingmediumwasmeasuredby avibrating
sample magnetometer (VSM) to determine a coercive f orce Hc.
Moreover, the composition of the magnetic recording layer 30
of the resultant magnetic recording medium was anal yzed by
Rutherford backscattering spectrometry (RBS). The above

measurement results are shown in Table 1.
[0056]
[Table 1]
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The relationship between the content of Sci

[0057]

aandcaxes

magneticrecordinglayer30andthelengthsofthe

erstoodfrom

ofthecrystallatticeisshowninFig.4. Asund

ticewaslittle

Fig.4,thelengthoftheaaxisofthecrystallat
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changed,eventhoughthecontentofScincreases.
hand,thelengthofthecaxisofthecrystallatti

as the content of Sc increases. From these result
considered that Sc is present in the FePt crystal g
[0058] The relationship between the contentof Sci
magneticrecordinglayer30andthe coercive force
inFig.5. Inaddition,therelationshipbetween

of Sc in the magnetic recording layer 30 and the ma
anisotropyconstantKuisshowninFig.6. Asund

Figs.5and6,thecoerciveforceHcandthemagnet

Ontheother
ceincreases,
S, itis
rains.
nthe
Hcisshown
the content
gnetic
erstoodfrom

icanisotropy

constant Ku increases when the magnetic recording | ayer
contains Sc. Especially,inthe casewheretheco ntentofSc
was 2.4 at%, the coercive force Hc reached the maxi mum value
of8.5kOe (680 A/mm), andthe magnetic anisotropy constantKu
reached the maximum value of 26.7x10 ®erglcm 3(2.67x10 °®J/m 3).
[0059] Inviewoftheabove,itisunderstoodthat addition
ofScintothelL1 otypeorderedalloyiseffectivetodevelopment

of excellent magnetic properties.

[Reference Signs List]

[0060]

10 Non-magnetic substrate

20 Seed layer

30 Magnetic recording layer

60 Tunnel magneto-resistive element
62 Fixed magnetic layer

64 Free magnetic layer
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66
70
12
74
76
78
82
84
86
88
100

Barrier layer
MOS-FET
Substrate
Source
Drain
Gate
Contact
Word line
Bit line
Digit line
MRAM
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CLAIMS

1. Amagneticthinfilmcomprisinganorderedalloy
theorderedalloycomprises:atleastonefirstele

from the group consisting of Fe and Ni; at least on
element selected from the group consisting of Pt, P

Ir; and Sc.

2. ThemagneticthinfilmaccordingtoClaim1,whe

first element is Fe, and the second element is Pt.

3. ThemagneticthinfilmaccordingtoClaim1,whe
ordered alloy has an L1 o type ordered structure.
4. The magnetic thin film according to Claim 1 havi
granular structure consisting of magnetic crystal g
comprisingtheorderedalloy,andanon-magneticcr
boundary, wherein the non-magnetic crystal grain bo
comprises at least one material selected from the g

consisting of carbon, boron, an oxide, and a nitrid

5. A magnetic recording medium comprising a non-mag
substrateandamagneticrecordinglayer,whereint

recording layer comprisesthe magneticthinfilmac

Claim 1.

6. Amagneto-resistiveelementcomprisingthemagne
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film according to Claim 1.

7. A tunnel magneto-resistive element comprising a fixed
magnetic layer, a free magnetic layer, and a barrie r layer,
whereinthebarrierlayerisdisposedbetweenthef ixedmagnetic
layer and the free magnetic layer, and least of the fixed
magnetic layer and the free magnetic layer comprise s the

magnetic thin film according to Claim 1.

8. A magnetic random access memory comprising the

magneto-resistive element according to Claim 6.

9. Amicroelectromechanicalsystemcomprisingthe magnetic

thin film according to Claim 1.
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