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Anomalous Hall voltage was measured for F&Rf, films having very high magnetic anisotropy. The
magnetic anisotrop¥K; andK, were determined with high accuracy by analyzing the magnetization curves
obtained from the Hall voltage measurement. The saturation magnetidtiai the samples with different
chemical-order parameté®) exhibits a different temperature dependence, implying that the Curie temperature
weakly depends of. The first-order anisotropl{,; gradually increases wit§, while the second-order anisot-
ropy K, remains almost constant of aboux80° erg/cc. The temperature dependenc& pfs correlated with
S that is,K; with a smallSis more temperature dependent than that with a ISrgéhese behaviors are quite
similar to the temperature dependencévf with differentS, and can be explained by the conventional model
based on thermal spin fluctuations. The domain wall energyevaluated by the theoretical analysis of the
stripe-domain structure tends to increase linearly v@thin a similar manner as that df,, whereas the
exchange stiffness constaitof about 1x 10 8 erg/cm deduced fromr,, andK (=K ;+K,) hardly depends
onS

DOI: 10.1103/PhysRevB.66.024413 PACS nunider75.30.Gw, 75.30.Et, 75.50.Bb, 75.60.Ch

I. INTRODUCTION of K, on the degree of chemical order and a slight enhance-
ment of magnetization caused by transformation from the
For the past few decades, magnetic recording has beendisordered state to the ordered state have been reported.
major technology of high-density information storage. In theThese results imply that the fundamental magnetic properties
near future, however, the so-called superparamagnetic limPf FE(COPt L1, are very sensitive to the chemical-order.
tation will emerge as a serious problem. To overcome thigurther investigation of these properties, however, experi-
problem, intensive researches on materials having highdpental difficulties such as preparation of a perfectly oriented
uniaxial magnetic anisotropy constafy; than that of widely L1, single crystal film and accurate determination of a very
used CoCr-based alloysK(~1~2x1Cf erg/cc}? have highK, must be overcome. _
been carried out. TheLl,-type equiatomically ordered . In the present study,.we. haye prepared end characterized
Fe(Co)Pt alloy is one of the most promising candidates as 49" auality FePL 1, epitaxial films with various degree of
new medium material because of its extremely high of chemical order and developed a simple method t(_) measure
4-10x 10" erg/cc3~® For this reason, extensive studies haveand evaluate accurately the very higp. The magnetization

been carried out on this allov in the forms of epitaxiall and the magnetic anisotropy constants in association with the
) B g y T P Y chemical order have been investigated. Furthermore, the do-
grown single-crystal films;® granular films’~** chemically

: X ) ) } main wall energy and the exchange stiffness constant as a
synthesized nanoparticlé$,and isolated island particlé3. function ofSha?/}e been determineg.

Most of these researches have focused on the technological
issues of high-density recording media, while the fundamen-
tal magnetic properties of Féo)Pt L1,, such as the tem-
perature dependence of the magnetic anisotropy constants The films were grown on Mg@100 single crystal sub-
and the exchange stiffness constant, have been scarcely trates by dc magnetron sputtering. In the many of previous
ported so far. reports, a Pt or Cr buffer layer has been adopted to improve
The first-principles calculations conclude that the strongthe crystal orientation of FeRt1,.%"'” However, atomic
K, of FCo)Pt L1, should be attributed to the large spin- diffusion at the buffer/FePt interface is unavoidable during
orhit coupling of the Pt atom and hybridization dfbands  deposition or annealing at high temperatures. In the present
between F&Co) and Pt atoms$**® In addition, it should be study the films were directly deposited on the M¢dO),
emphasized that the marked feature ofG@®Pt L1, is the  and perfect crystal orientation was available by seeking for
structural anisotropy, that is, alternatively stacked@e¢  the optimum deposition condition. The sputtering chamber
and Pt monolayers along titeaxis. The uniaxial anisotropy was evacuated down to>x310 8 Torr prior to film deposi-
K, along thec axis that originates not only from the prox- tion and the sputtering gas pressitg was adjusted in the
imity effect between F&o) and Pt atoms but also from the range from 1 to 10 mTorr. The substrate temperaiurand
structural anisotropy is very similar to that of Fe/Pt andFePt thicknessl were adjusted in the range of 673-973 K
Co/Pt multilayers®*’ Experimentally, a strong dependence and 110—490 A, respectively. After deposition, a 20 A thick

II. EXPERIMENTS
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FIG. 1. XRD profiles for 200 A thick FePt films grown éa) ¢ =45° ¢ =34° ¢=27° ¢ =66°
substrate temperatufig= 673 K and Ar pressur .= 1 mTorr, (b) (b) (C)
Ts=673 K andP,,=10 mTorr, (c) Ts=973 K andP,,=1 mTorr,
and(d) Ts=973 K andP =10 mTorr. FIG. 2. (8 Schematic configuration ap and ¢ for detection of

FePtL1, 112 diffraction.¢ and ¢ are the azimuthal and polar angle
Pt protective layer was deposited at room temperature. Thfgom MgO [100] and[001], respectively. X-ray incidence is in the
deposition rate for FePt was fixed within 22—24 A/min. Thex-z plane.(b) and (c) are illustrations of (112 and (112) shown
film composition was confirmed to be equiatomic by usingas hatched areas i®01) and (100 orientations of FePL1,, re-
the energy-dispersive x-ray spectroscdfpX). The crystal  spectively. The open and solid circles denote the Fe and Pt sites,
structure was identified by the reflection high-energy elecrespectively.
tron diffraction (RHEED) and x-ray diffraction(XRD) with
Cu-Ka radiation. The chemical-order paramefewas de-
fined as the probability of correct site occupation in tHg

sample grown aP,,=1 mTorr is in a perfectly disordered
state, whereas the sample grownRgt,=10 mTorr is par-

lattice, and is given by the following Ed): t@ally_orde_redjudging f_rom the V\_/eal_< 001 superlattice diffra(_:-
tion in Fig. 1(b). Obviously adjusting the gas pressure is
S?= (1 001/1 002 mead (1 001/ 1 002) calcs (1)  effective to enhance the chemical ordering, and a similar

effect was also found in the samples growrnTgt 973 K as
wherel oo, andl oo, are the integrated intensity of 001 super- shown in Figs. ic) and 1d). These profiles exhibit strong
lattice and 002 fundamental diffractions anit/l 0o meas 001 superlattice diffraction, indicating well ordered FePt
and (1 901/ 002 caic @re the measured and calculated diffractionL1,. However, one may notice that the 002 fundamental
intensity ratio, respectively. By taking the x-ray penetrationdiffraction from FePt grown aP,,=1 mTorr[Fig. 1(c)] has
depth® and Debye-Waller factdinto account, (po:1/lgodcalc ~ an asymmetric shape spreading toward the lower angle, sug-
was calculated to be 2.0-1.9 for the film thickness rangingyesting the presence ¢£00 variants. Since the peaks 002
from 110 to 490 A. The magnetizations were measured wittand 200 are too close to each other to confirm ¢haxis
a vibrating sample magnetomet®&/SM) and a supercon- orientation of FePL1,, we have investigated orientation of
ducting quantum interference devi(@QUID). The magne- FePtL1, (112 with the XRD configuration illustrated in
tization loops were obtained by using the polar magnetofig. 2(a). By adjusting the azimuthal angk¢ and the polar
optical Kerr effectPMOKE) and the anomalous Hall effect angle, FePtL1, (112) can meet the Bragg condition. The
(AHE). The Hall effect measurement was carried out using &ondition is satisfied ap~45° ande~34° for (001) orien-
four probe ac resistance bridge at 980 Hz with a very lowation and¢~27° ande~66° for (100 orientation, which
bias current of 1QuA. The magnetic domain structures were gre denoted as (132 and (112) in Figs. 2b) and Zc).

observed with a magnetic force microscaiéFM). Figure 3 presents 1}2and 113 diffraction profiles of the
samples given in Fig. 1. No 1] diffractions is detected in
Ill. RESULTS AND DISCUSSION the samples grown & ,,=10 mTorr as seen in Figs.(3

and 3d), indicating that deposition under high Ar pressure
A. Growth of FePt L 1,(001) promotes the chemical ordering as well as thaxis orien-
Figure 1 shows th&d—26 scans for 200 A thick FePt tation.
films deposited at the substrate temperaliye 673 and 973 Suzukiet al. have observed a similar phenomenon that is
K. The Ar pressureP,, during sputtering was adjusted as 1 accompanied by an appreciable decrease of the lattice spac-
and 10 mTorr for eacfis. The XRD profiles for the samples ing of FePt(001) with increase of sputtering gas presstite.
grown atT,=673 K[Figs. 1@ and Xb)] clearly exhibit ep- They inferred that vertical compressive stress during sputter-
itaxial growth of FePt on MgQ(100, but no superlattice ing affects chemical ordering ardaxis orientation in FePt
diffractions are observable in Fig(d), indicating that the L1,. However, these phenomena should be attributed to a
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' M(T)/M4(10) for 140 A thick FePt films with the chemical-order
FIG. 3. XRD profiles of 112 (uppe) and 113 diffractions(bot- paramete5=0.52, 0.61, 0.72, and 0.79. _The solid _and_brokeq lines
tom) for 200 A thick FePt films grown afa) substrate temperature are the calculatet(T)/M4(0) curves using the Brillouin function

T,=673 K and Ar pressur®,=1 mTorr, (b) T;=673 K andP,, within the molecular field approximation for the momentum quan-
=10 mTorr, (c) T=973 K andP,=1 mTorr, and(d) T;=973 K  tum numberJ=6 and the Curie temperatufie.=750 K and forJ
and P =10 mTorr. =10 andT =700 K. The inset shows the calculateti(T)/M4(0)

vs T/T, curves forJ=1, 6, and 10.

natural bilayer stacking growth observed in various thinfunction within a framework of the molecular field
films. =22 The natural bilayer stacking has been originally approximatior?® The fitting parameters are the momentum
found at the surface of several binary alloys, such as Ni-Pt, guantum numbed and the Curie temperature,. The best
Ni-Ag,* and Co-PE£> The periodic compositional modula- fitting was obtained witdl=6 andT.= 750 K for the larger
tion in several layers at these alloy surface has been observegbf 0.72 and 0.79 and=10 andT.= 700 K for the smaller
and explained by the size mismatch and surface tensiog of 0.52 and 0.61. The Curie temperature of 750 K for the
effects?®?’ Recently, using molecular beam epita®BE),  larger S coincides with the reported value of the bulk FePt
a new type stacked hcp superlattice has been reported fer1, 3! The values ofl assumed in the fitting calculations are
Co-Pt(Refs. 20 and 2land Co-Ru” which is caused by a much larger than that usually used for Fé=(1). The
alternative segregation on the advancing surface during thisnomalously large value dfin the molecular field approxi-
film growth. This is the reason for the preferent@laxis  mation have been reported for several matefidfsot liter-
orientation in epitaxial FeRt1, on MgO (100), because Fe ally indicating the large magnetic moment, because this ap-
and Pt monolayers are alternatively stacked alongctheis  proximation is based on the one-body model. As is well
in FePtL1,. However, the natural stacking process along theknown, the largerJ becomes, the more sensitively the
film growth direction is severely disturbed by bombardmentwm (T)/M4(0)—T/T. curve in the molecular field approxi-
of high-energy particle€ This is the reason why the long- mation, as seen from the inset in Fig. 4. If the decrease of
range ordering is attained more easily by MBE than the sputM (T) at low temperatures is attributed to the spin wave
tering proces$? A similar discussion is valid for the sputter- excitation, the exchange stiffness constanshould be in-
ing gas pressure effect in the present experiment, where thgsrsely proportional to the coefficient &’ law.? This im-
high Ar gas pressure decreases the kinetic energy of incidepies that the constarmk in FePtL1, is much smaller than
particles due to frequent collisions in the plasma space. Althat in Fe and weakly dependent & Experimental and
the samples for further study are the ones deposite®\at  quantitative discussions oh of FePtL1, will be given in
=10 mTorr, which have excellemtaxis orientation as con- Sec. [l C.
firmed by the XRD measurements mentioned above. Because of the extremely high anisotropy figtg of
about 100 kOe, the accurate determination of anisotropy con-
stants of FePL1, is difficult by the conventional methods
such as torque curve analy3ésind the magnetization curve
Regardless of the order parame&which varies in the along the hard axi&.In the previous works, both of these
range of 0.4-0.9, the magnetizatibh, of all FePtL1, films  methods have been carried out in external fields much lower
is 1100+ 100 emu/cc at room temperature which coincidesthanH,.>~" Measurements in low fields may cause serious
with the value of bulk FePt1,,* and no significant differ- errors in evaluation and separation of the anisotropy con-
ence is observed. On the other hand, the temperature depestantsK,, K,,..., in theuniaxial anisotropy energy expres-
dence of the magnetization is sensitive to the paran@ter sion E(6)=K, sir? 6+K,sir* +---, where ¢ denotes the
Shown in Fig. 4 is temperature dependence of the saturatioangle of magnetization with respect to the easy &xis.the
magnetizationM(T) for 140 A thick FePt fims withS  present work, these constants are determined from the
=0.52, 0.61, 0.72, and 0.79. Note that the samples wittanomalous Hall effect, because it gives the magnetization
smallerS exhibit a faster decrease M with T. The solid  vector along the film normal with very high sensitivity with-
and broken lines are the fitting results using the Brillouinout no background signals from diamagnetism of a substrate

B. Magnetic anisotropy
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FIG. 5. Vu=H curves for a 140 A thick FePt film with the
chemical-order paramet&8=0.72 as a function of field direction
0y . The inset is a PMOKE loop.

oHM; (107 erg/cc)

or a sample holder. By using the generalized Sucksmith-
Thompson(GST) method” the anisotropy constant§; and
K, were accurately determined by analysis of the magneti-
zation curve from the Hall effect. The GST is an improve-  FIG. 6.(a) NormalizedVye-H curve measured a;=80° for a
ment of Sucksmith-ThompsofST) method®3® Formation 140 A thick FePt fI|2m with the chemlc_:al-or_der parame;ﬁanr_O.?Z.
of reversed domains during the magnetization process can B @HMs vs (1-m;). TheV,e curve in(@) is replotted using the
completely inhibited by the field component along the film equilibrium relation Eq(5) e|frf1 the text. The _solld line |_r(a) is th_e
normal, as will be described beldttin addition to the high calculatedn, curve usingk; andK. determined from intersection
accuracy mentioned above, it should be stressed that a ve\‘g}th the ordinate and the slope of the fitted line(b).
high field to saturate the sample is not required in the GS
method.

The Hall voltageVe in a magnetic film is given by

-It_ization maintains the uniform rotation process without any
reversed domains during the measurement.
The magnetic anisotropy constants of the films can be
2 determined by analyzing the normaliz®g,c curves by the
GST method. From the equilibrium magnetization condition,

whereVy,e and Ve, respectively, denote the normal and the relation is deduced ¥s
the anomalous Hall voltages, and are expressed as

Vie=VNHET VaHE

2K+ 4K, (1—m2) = aHMg, (5)
VNHE:% H,, H,=cosfy (3  Wwith
and o m, sin 6y — '1—m? cosé,,
m,\/1—m? ’
VAHE:%MZ! M,=MgCcosfy , (4) wherem, is the normalizedM,, Kﬁﬁ includesK; and the

demagnetizing energy qﬂ\/lg By plotting aHM¢ vs (1

where Ry and R, are the normal and the anomalous Hall ~M:), one can determine bot" andK . A representative
coefficients, respectivelyl,;, and 6, are the directions of the result is shown in Fig. @), where the normalized/ye
external fieldH and the magnetizatioM from the film  (=m,) curve was measured @,;=80° for a 140 A thick
normal,d is the film thickness, antlis the current flow in the = FePt film withS=0.72. By replotting the data in Fig(# in
sample. Sinc, is much larger tharR, for FePt(Refs. 37  accordance with Eq(5), we can obtain thexHMg vs (1

and 38 and Vyue is negligibly small for 6, close to 90°, —m?) curve as given in Fig.(®). From intersection with the
Ve is nearly equal toV,,e. ConsequentlyV,e-H curves ordinate and the slope of the curuéiﬁ and K, are deter-
coincide withM,-H. Shown in Fig. 5 are typicaV/,g-H mined as Kf“:2.13i0.06>< 10’ erg/cc andK,=6.7+0.7
curves for a 140 A thick FePt film witl=0.72 when the X 10° erg/cc. What has to be stressed here is that the thus
field is decreased from 70 to 0 kOe. TMe-H loop in the  determined anisotropy constants perfectly reproduce the ex-
inset measured by PMOKE has a good squareness, giving grerimentalVye-H curve as shown by the solid line in Fig.
evidence that the magnetic easy axis is parallel tocthgis.  6(a), indicating that the magnetization uniformly rotates as
The point to be noted in Fig. 5 is that all,e measured at mentioned above.

various 6 converge on the same value ldt=0. These re- The chemical-order dependencekof andK, was mea-
sults apparently indicate that, regardlessfgf, the magne- sured at room temperature for the 140 A thick FePt films as
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FIG. 7. The first- and the second-order uniaxial anisotropy con- £ 0.6
X

stantsK; andK, at room temperature for 140 A thick FePt films as
a function of chemical-order paramet®rThe solid lines are guides
to the eye 04 '
ye. 1.0 0.9 08 07
Ms(T)/Ms(10)

shown in Fig. 7. With increasing§, K, gradually increases in

agreement with the previous reportyhereaskK, remains FIG. 9. (a) Temperature dependenceskof(T)/K,(10) for 140

almost constant and is aboutA.0® erg/cc. The data of the A thick FePt films with the chemical-order paramet®r0.52,

other samples with thickness of 110—490 A exhibit similar to0-61, 0.72, and 0.79(b) log-log plot of Ky(T)/K.(10) vs

the results given in Fig. 7. Moreover, the temperature depers(T)/Ms(10). The solid line in(b) is least-square fitting with a

dences oK, andK, were investigated, and is shown in Fig. Slope of 2.1.

8. The values oK, andK, for the 140 A thick sample with

S=0.72 decrease monotonically with temperature. Figurelata for variousSfall on the same straight line, implying that

9(a) summarizes the temperature dependencié ¢T) nor- the temperature dependencekgfof FePtL1, can be treated

malized to the values at 10 K for the samples wih by the model mentioned above. Strictly, the slope in Fig) 9

=0.52, 0.61, 0.72, and 0.79. The smal&the more sensi- is about 2.1, that is smaller than 3 expected from2, and a

tive the temperature dependencekof, similar to the tem- slight deviation from the linear relation is seen in the high

perature dependence bfy. temperature regio =300 K. This deviation suggests that
According to the theory within the framework of thermal the presence of other contributions such as thermal lattice

fluctuations of magnetic momerit&®° the temperature de- €xpansion and/or the higher order anisotréby.

pendence oK is expressed as

C. Domain structure and exchange stiffness

Figures 10a), 10(b), and 1@c) demonstrate MFM images
with n=2 for the first-order uniaxial anisotropy constant. for the 110, 210, and 320 A thick FePt fims wit8
The log-log plot of K{(T)/K{(10) vs Mg(T)/M4(10) ob- =0.4-0.5, and(d) is an illustration of the stripe-domain
tained from Fig. @) is presented in Fig. (®). All K,(T) structure. After ac demagnetization, very clear stripe do-
mains with a period ofL~2000 A were observed in the
films thicker than 200 A. While fod<200 A, the structure
abruptly changes from the well defined stripe domains to
] irregular and larger domains. Variation of the domain period
o L with d for the samples with nearly the sarSef 0.4-0.5,
K,=1.0~1.5x10" erg/cc, andK, of 5x10° erg/cc is
shown in Fig. 11. We see tha&t decreases very gradually
with d. This change ot is closely related with the magne-
tization process of the FePtl, films. Shown in Fig. 183) is
) * the initial magnetization curve along the film normal after ac
I ¢ ¢ 3 + R ] demagnetization for the same sample given in Figcil0
r ) Kz 1 The magnetization increases very gradually up to a certain
50 ' 1(')0 ' 2(')0 ! 360 400 500 field H,, and linearly increases abo¥,. BelowH,, pin-

Temperature T (K) ning sites such as grain boundaries hinder the domain wall
displacement. The domains with the magnetization direction
FIG. 8. Temperature dependence of the first- and the second®Pposite to the external field shrink with increasing the field
order uniaxial anisotropy constaris andK, for a 140 A thick ~aboveH=H_. For further increase of the field the stripe-
FePt film with the chemical-order parame+0.72. domain structure changes into bubble domains, as commonly

K1(T)/K1(0)=[M(T)/M¢(0)]"" 172, (6)

50

Pooo o

N
o

K1, Kz (1 o° erg/cc)
=
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FIG. 12. () Initial magnetization curvéopen circlesfor a 320
FIG. 10. MFM images foka) 110 A, (b) 210 A, and(c) 320 A A thick FePt film with the chemical-order paramet®s0.52. (b)
thick FePt films with the chemical-order parameSer0.4—0.5.(d) Calculated magnetization curysolid circleg for the reduced field
is an illustration of the stripe-domain structute.and d are the (h:'7"/47TMs) assuming Do=230A, d=320A, and K,=1.5
domain period and the film thickness, respectively. The thick arrows< 10" erg/cc.

indicate the magnetization direction in the domains. ) . .
We analyze these behaviors by using the domain theory

, , o . given by Kooy and En?! The characteristic length, or the
observed in perpendicular magnetization fifthsin the so-called dipolar lengtf? is defined as

analysis of the stripe-domain behavior in F&Rt, films, we
define two kinds of saturation fielddg; andHg, (=Hg D0=0W/277M§, (7

—Hp) by extrapolating the linear part of the magnehzaﬂonwhereaw is the wall energy density per unit area. Physically

curve as given in Fig. 1. Figure 13 showsts, andHs, D, is the measure for the critical thickness between single-
as functions of film thicknesd for the samples given in Fig. and multiple-domain states, as originally discussed by

11. BothHg, and Hs, rapidly increase with increasind  ite| 43 Kooy and En3! derived the analytical expression

above 200 A. for the magnetization process of stripe-domain structures as-
7 T T T T 0.5
2500 T ® :H,
R ——Dy,=200A 6
°<: N @ 5}
— 2000 |- e
3 5 4l
2 2
£ I N e £ 3+
S 1500
gt ; o|
1000 [ Y0 W0 TN WA N T T T T S A N O S | l- 100 200 300 400 500
100 200 300 400 500 FePt thickness d (A)

FePt thickness d (A)
FIG. 13. Thickness dependence of the saturation figlgsand

FIG. 11. The domain periotl as a function ofd for the FePt  Hg, for FePt films with the chemical-order parameger 0.4~0.5
films having the chemical-order parame®+0.4-0.5 K,=1.0 (K;=1.0~1.5x 10’ erg/lccK,~5%x10° erg/cc). The solid and
~1.5x 107 erglccK,~5x 10 erg/cc). The solid and broken line dashed line are the calculated saturation ﬂel@'C for the dipolar
are the calculated domain periad®® assuming the dipolar length lengthD,=200 and 225 A, respectively. The right-hand ordinate is
Do=200 and 225 A, respectively. the corresponding reduced saturation figid= H/47My).
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sumingd>D,. However, this assumption is invalid for the
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FIG. 16. The exchange stiffness constans the uniaxial an-
isotropy constanK, (=K;+K,) for a 290 A thick FePt film.

with solid circles in Fig. 1&b). The shape of the calculated

thickness range of the present samples, and hence we hagerve is obviously different from the measured one, espe-
carried out more rigorous calculation without the assumptiortially near the saturation region. This is because the calcula-

mentioned above. The total energyin this calculation in-
cludes the wall energg,,, the applied field energg,, and
the demagnetization energy,. Each energy normalized to
the maximum demagnetizing energyrlmg is expressed as

2D, 2D,p
ew—T—m, tS)
e,=2hm, C)
8Vu— 1 na
= 2 — —_— i —
€y m+7-r‘°’ﬂ > n3sm3 > (1
sinh(n7RB)

(10

B sinhnmB) + Ju cosiinmB) '

where m=M/Mg, h=H/47M,, B=dJu/L, and u=1
+27M2/K,. The energy minimum conditions afe,/dB
=0 andde,/dm=0 give the equilibrium values df andm.

The magnetization thus calculated using the parameters of,

Do=230A, d=320 A, andK,=1.5x 10" erg/cc is shown

350 — T
L -126
[ §~07 1 &
< I 24 §
S 300| 1 2
£ - S$=06 - 22 ~
c) -
g [ s=05 1 2
5 b 128
3 250 N ——+— E 5
a K 1185
4 =
-116
200 1 1 1 1 1 1 1
1.8 22 2.6 3.0 3.4

Ky (1 o erg/cc)

FIG. 15. Dipolar lengttD, as a function of the uniaxial anisot-
ropy constank, (=K;+K,) for 290 A thick FePt films. The right-
hand ordinate is the corresponding wall eneogy.

tion ignores formation of bubbles near the saturation
region*! Therefore, we predict the saturation figt£'® by
extrapolating the linear part of the calculated curve as de-
picted in Fig. 12b). By assuming a proper value f@,
together with the experimentalK, (=K;+K,~1.5

X 107 erg/cc), we can reproduce accurately the measured
Hg andHg,, as shown by the solid and broken lines for
D,=200 and 225 A in Fig. 13. The calculated domain period
L% in the demagnetized state wifb, as a parameter is
given in Fig. 11. It is noteworthy that®¥for D,=225 A is

in good agreement with the experimentalAs a result, the
experimental saturation fields,, which eliminates the ef-
fect of wall pinning, and the domain peridd are consis-
tently reproduced by assuming the paramé@grto be 225

A. From the analyses of the FePt films with the same order
of K, it has been confirmed that the stripe-domains of FePt
L1, are correctly described with Kooy and Enz’s theShry.
Then, we will use this theoretical relation amongK,,, and

Dy to figure out how the degree of chemical order of FePt
L1, affects the wall energyr,, and the exchange stiffness
nstantA.

The relationship between the measutednd K, (=K,
+KS,) for the 290 A thick samples with variois given in

Fig. 14. The broken lines indicate®®® calculated assuming
variousD,. The assumedd, which coincide with the ex-
perimentalL and K, are plotted in Fig. 15. The right-hand
ordinate indicates the corresponding wall enesgyderived
from Eq. (7). The values oD, of FePtL1, evaluated here
are much smaller than the previous data of about 500 A by
Thiele et al’ They derivedD, by using the theoretical
modef* calculated by Kaplaret al,*? assumingd<D,.
However, their FePt thickness ranged 1000-2000 A, far
from the thickness range valid for Kaplan's assumpfioff.
The exchange stiffness constanversusK, is shown in Fig.

16, in which A was derived assuming the 180° Bloch-type
wall energy expressed as

U'W=4\/A_Ku. (11
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The value ofA~1x 10 ® erg/cm is much smaller than that K, were accurately determined from the generalized
of Fe~2x10 % erg/lcm®® and almost independent &, . Sucksmith-Thompson’s method using magnetization curves
This fact is consistent with the larger temperature depenebtained by the anomalous Hall effect. The valueKof
dence ofMg discussed in Sec. Il B. Although there seems togradually increases witls, whereask, is insensitive toS.
be a slight dependence &fon K,, in Fig. 16, it is almost The temperature dependencekof is larger for smallerS
within the experimental error of 0.1x 10" ® erg/cm. This temperature dependence is similar to thaMafand is
explained by the thermal spin fluctuation.
The experiments and the analysis of the stripe-domain
) _ ) ) structures with the film thickness as a parameter under the
We have fabricated fully orientated equiatomic FeRy  congition of constanK, revealed that the domain structure
(009 films on MgO (100 substrates. Using these specimensis consistent with the model by Kooy and Enz. By using this
the basic magnetic propertied, namely, the magnetic anisogpnsistent relation the dipolar lengi, was evaluated by
ropy constantX; and K, their temperature dependence, measured. for the films with the same thickness but differ-
and the exchange stiffness constAnhave been investigated entK, andS. The exchange stiffness constantderived from

in correlation with the degree of chemical order. the experimentaK, and D, has little correlation withK
The sputter deposition under higher Ar pressures proyngs

moted the chemical order as well as dtaxis orientation of
FePtL1,, and perfectly orientated FeRtl, (001 films
were obtained at Ar pressure of 10 mTorr.

The FePt films with different chemical-order parameters ~ The present work has been supported by the Research for
exhibit a different temperature dependence of saturatiothe Future Program, Grant No. 97R14701, and Grant-in-Aid
magnetizationM. At low temperatures and for smallit  for Scientific Research from the Japan Society for the Pro-
tends to decrease rapidly with increasing temperature. Thmotion of Science, and the Storage Research Consortium in
first- and second-order magnetic anisotropy constdntand  Japan.

IV. SUMMARY
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