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The magnetism of antiferromagnetic,P§ , thin films (x=0.27 and 0.30gpitaxially grown onto MgO
(110) anda-axis sapphire ¢-Al,O3) substrates has been studied by elastic neutron and x-ray scattering. Bulk

chemically ordered FePexhibits an antiferromagnetic spin structure with a wave veQpr 277/a(%%0)
below Ty;~160 K. For slightly Fe-rich alloysX=0.26) a spin-reorientation transition to a second antiferro-

magnetic phase with a wave vect@r2=2w/a(%00) occurs belowT,~100K at the expense d,. For
increased Fe contenk{-0.30) theQ; phase is strongly suppressed with a domin@atphase. For(111)-
oriented films grown ora-axis sapphire the spin structure is the same as that found in the bulkx The
=0.27 film exhibits transitions afy; and Ty,. The film with x=0.30 exhibits an almost completely sup-
pressed), phase and a domina@, phase with an enhanced ordering temperaturBgf- 140 K. In contrast
FePt (110) films grown onto MgO(110) exhibit only theQ, phase for both compositions=0.27 andx
=0.30 with the onset of th&, phase suppressed. The distinct behavior of the films grown onto MgO from
those grown onta-axis sapphire and bulk FePmay be explained by higher strain and defect densities
incorporated in the films grown onto MgO.

DOI: 10.1103/PhysRevB.63.134426 PACS nuni®er75.50.Ee, 61.12.q, 75.25.+z

I. INTRODUCTION which is an exceptionally high value for ad3transition
metal. For bulk alloys with stoichiometric composition only
The physics of metallic alloys with composition %Pt AF ordering of typeQ; is found? For slightly Fe-rich alloys
(where X is a 8 element)is rich and full of surprises. The a first-order transition into a second magnetic phase occurs
chemically ordered alloys crystallize in the culit, struc-  below Ty,~100K. This phase orders in alternating ferro-
ture and change from ferrimagnetic (X=&r¥ to ferromag- magne'_[ic shegts in tH&00) p!anes. The AF unit cell for this
netic (X=Mn)"* to antiferromagnetidAF) (X=Fe)>° and ph_ase is obtained by dout_)llng the , unit cell _anng thex
back to ferromagneti€X=Co),”8 as X is varied across the @Xis and the corresponding wave vector is of tyRg

row of 3d elements in the periodic table. In CgPthe Pt =2m/a(300). Massbauer studies found that the excess Fe
moments are aligned antiparallel to the Cr moments; infeP@toms occupy face centers randomly and couple ferromag-
the Pt atoms carry no moment and the Fe atoms form anetically with the nearest neighbor Fe atoms into thé0)
antiferromagnetic lattice. In MnPand CoPj the moments ~ sheets rather than forming ferromagnetic clusters, thus allow-
of Mn or Co and Pt are aligned parallel. The chemically
disordered XRtfcc alloys behave very differently: Crfand
MnP&>* are nonmagnetic while Fef*°and CoPj (Ref. 8) (@) T<160K (b) TT‘< 190K
are ferromagnetic. f ' )
The physics of FeRis of particular interest: The chemi- / O ;
cally disordered phase is ferromagnetic with Fe moments of ®)
2ug, while the chemically ordered phase is antiferromag-
netic and can exhibit two different types of AF order as
depicted in Fig. 1. In the bulk, the appearance of these two
AF phases depends strongly on the deviation from the ideal
compositio® The FePj phase is maintained in Fet _,
alloys for 0.22<x<0.41!° Upon cooling, bulk FeRtdevel- Heo= 3.3 1g Beo= 2.0 g
ops AF order belowTy;=160K, where the Fe moments - =
order in alternating ferromagnetic sheets in (b&0) planes Q, = 2nfa (1/21/20) Q. =2r/a(1/200)
(see Fig. 1). This transition is of second order. The AF unit
cell is obtained by doubling thlz unit cell anng thexand o Q, phase(b) are shown. The gray spheres represent the Fe
y axis and the corresponding wave vector is of tyQe atoms, which form a simple cubic lattice, and the white spheres
=2m/a(330). The moments carried by the Fe are 83  represent Pt atoms.

FIG. 1. The magnetic structure of Fgit the Q; phase(a) and
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Q,-phase Q,-phase
(1/2 1/2 0) ordering (1/2 0 0) ordering
uncompensated interface compensated-interface
M M FIG. 2. Growing FeRtin the (110) direction
A XXy A XXy (110) results in either a spin-uncompensated interface
~ P (001) for the Q, phase or a spin-compensated interface
‘ w w for the Q, phase(see Fig. 1). The gray spheres
e ] al2\2 - ] al2v2 (1-10) represent the Fe atoms; the white spheres repre-
sent Pt atoms. The atomic spacing and crystalline
AMXY ANMXY P Th i ing and l
=, N — - directions are indicated.
AL . PSP
al\2 al~2
ing AF order to be maintainetlAs in the disordered ferro- Il. EPITAXIAL GROWTH AND CHARACTERIZATION

rr_1tagnet|c phase thetl_:efatokr)n S carr)(/ja morr]n enmg‘l.ZTFh N Pth Chemically ordered110)- and(111)-oriented FeRfilms
sites are nonmagnetic for boy an _Qz_p_ ases. N Fe-Meh \yere epitaxially grown simultaneously onto Mg®10) and
samples, the two AF phases coexist initially, however, the

) > , a-Al,O5 (11-20) substrates, respectively. To obtain the
phase fraction of the AR, phase diminishes with further .hemically ordered phase, the substrate was heated to 750 °C

ingrease of the Fe content until it vanishes. Both neutron anguring deposition. The typical base pressure at this tempera-
Mossbauer measurements revealed thatQhephase reori- y,re was 2¢10°7 Torr. For comparison, the chemically dis-
ents into theQ, phase rather than arfs%rmlng a paramagnetiCyrgered phase was grown under the same conditions, except
phase as the temperature is increased. that the substrate was heated to only 150 °C. A 1-nm-thick
The spin-wave d|§per5|qn spectra for Qe phase. have pq layer followed by a~2-nm-thick CrP§ layer was depos-
been measured by inelastic neutron scattétirmd inter- ited prior to the deposition of the Fefftims. The Fe layer
preted in terms of a simple Heisenberg model with localizeq, ot the MgO and we found that the CyRayer improves
Fe spins. Korringa-Kohn-Rostoker calculations identify e ¢rystalline orientation of the Fefflms on sapphire and

negted electrqn and ho_le pc.)cke.ts at thand M symmetry . suppresses growth dfL00) impurity phases. 280-nm-thick
points of the simple cubic Brillouin zone of the paramagnetlca”Oy films were deposited by cosputtering Fe and Pt from

state as being responsible for g phase. These pockets 4o magnetron sources at an Ar pressure of 3 mTorr. Both

are _similgr in size gnd sha}pe and coincide after_ doqbling th%eyPt?g (denoted asVi1 on MgO andSl on ALO,) and
original simple cubic cell in thé100) and (010) directions. FeyPty (denoted agvi2 on MgO andS2 on ALOs) films
The Q, phase, h_owever, S related to pocketsFa_and X \were produced and characterizex! situ. The stoichiometry
although the nzelsgtmg conditions are not as well fuffilled as for, ;< qetermined within 1% uncertainty by Rutherford back-
the Q, phase'* . scattering spectrometry and x-ray diffraction was used to

In this work, we investigated the magnetism of chemi-na1y 76 the chemical structure of the films. For the x-ray
cally ordered epitaxially grown FePilms. In particular we  on51usis we utilized a Philips X-pert x-ray spectrometer with
are interested in how epitaxial growth on different substrates, ¢ cathodeX[K,]=1.54A).

will alter the spin reorientation observed for bulk FgHRRart Figure 3 shows the out-of-plan@26 x-ray diffraction
of this work is also motivated by the potential use of Reft
a model system for understanding mechanisms of exchange ———
bias observed in AF-ferromagnetic bilayers. Exchange bias
is a shift in the hysteresis loop of the ferromagnetic layer due
to interfacial unidirectional exchange coupling to an adjacent
AF layer. Growing FeRtsingle crystals in thé110) direc-

tion could result in spin-uncompensated or-compensated sur-
faces for theQ; and Q, phases, respectively, as shown in
Fig. 2. This is independent of the spin axis of the Fe mo-
ments. This scenario is ideal for testing current models for
exchange bias, which strongly depend on the AF moments at
the interfacé*~!’ By understanding the magnetic behavior T oy = 750°C (ordered)
of FePj thin films, it may be possible to measure loop-shift 20 30 40 50 60 70 80 90 100110 120 130
and coercivity enhancement for two different types of inter- 20 [o]

faces in one sample by simply changing temperature and
then relating the behavior observed to current models. In FG. 3. Out-of-plane XRD spectra of FgHiims grown at 150
addition, because Fefit ferromagnetic if chemically disor- and 750 °C. The higher deposition temperature induced the chemi-
dered, it may also be an ideal candidate for growing latticecally ordered phase as is evident from the otherwise forbidie)
matched exchange coupled FgRE)/FePt(F) bilayers. and (330) reflections.

- O, .
Tmp =150"C (dlsorg?red)
(=]
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FIG. 4. Out-of-plane XRD spectrum of a 280-nm thick Fept __F!G- 5. Phi scans of the Fef110), (220) and the AJO; (11-

film grown at 750 °C ona-axis sapphire. The FePgrows as a 20) reflections of a 280-nm thick Feffilm on a-axis sapphire. The
(111) bicrystal. scan reveals ar-6° rotation about the surface normal of the RePt

lattice relative to the sapphire lattice and is attributed to a rotational

(XRD) scan along the surface normal of ordered and disorMode of lattice relaxation.
dered FeRt(110) films grown onto MgO(110) substrates.
Since the chemically disordered phase has cubic point synithe  misfit ~ for ~ FeP{11-2]//Al,05[000]  and
metry and an fcc lattice, only th@20) fundamental peak is FePt110]/Al,O4[ 1-100] is
allowed. However, the chemically ordered phase has tetrag-
onal point symmetry and an fcc lattice and thd40)and  12-0d(11.5(FePE)/do00y (Al05) =12.67 A/12.98 A-0.98
(330) superstructure peaks are present. From the XRD speg; g
tra the oﬁt\;t—of—plane lattice constant was determingd ta be
=3.882 A, slightly higher than for bulk FeP(3.87 A). To ) _
verify that the FeRtfilm was indeed a single crystal, pole 4-di110(FePY)/d1.100(Al205) =16.46 A/16.47 A-1.
figures were collected for various symmetry directions. The tha rotation in only one direction may be caused by a
pole figures are very clean and show that only one crystallingjight miscut of the sapphire surface, which may energeti-
orientation is present on MgQ10) substrates with the in- 51y tavor one rotational sense over the other. A sketch of
plane epitaxial orientation MJOO1]/FeP{001]. The in-  he resulting measured pole figure is shown in Fig. 6.
plane lattice constants measured along[th#0] and[001] The surface morphology of the films was checked by
directions are 3.853 and 3.866 A, respectively. This indicatestomic force microscopyAFM). A 500500 nnf scan of
that the FeRt(110)films are distorted from there cubic sym- sampleM1 is shown in Fig. 7(a). The root-mean-square
metry. The full width at half maxima for the out-of-plane (rms) roughness is 0.5 nm. The streaks that run diagonally
rocking curves of the110) and (220) FePt film peaks on  across the image suggedill) facets, which are often ob-
MgO (110) were 0.89° and 0.57°, respectively. By compar-served in fcc metals grown in thél10) direction. A 5
ing the integrated intensities of th{@10), (220), and(330) x5 um? scan of sampl&1 is shown in Fig. 7(b). The sur-
rocking curves of the ordered FgPthe film was determined face shows ridges that are4 nm high and measure80 nm
to be fully ordered in the-1, structure. across. The surface between the ridges is very smooth with a
Figure 4 shows the out-of-plan26 XRD scan for the  rms of 0.7 nm. We attribute the ridges, absent in samidlés
ordered FeRt(111)film on sapphire. The out-of-plane lattice and M2, as being either twin- or antiphase boundaries
constants forlS1 andS2 were determined to be 3.872 and (APB'’s). The upper limit of the antiferromagnetic domain
3.864 A, respectively. FoB2, the in-plane lattice spacing size should then be given by the typical distance between
was determined to be 3.862 A, suggesting that the FePthese boundaries, which is1 um. APB boundaries in bulk
samples on sapphire are essentially strain free. The rockingePs (25.6% Fehave been studied by transmission electron
curve of the FeRt(111) peak shown in the inset of Fig. 4 microscopy beford.Their average width was reported to be
determined an out-of-plane mosaic spread of only 0.04° in~13 nm.
dicating excellent crystal quality. Phi scans about the surface
normal for the FeRt(110)and(220) @5.3° from the surface
normal)and the A)O; (11-20) 60° from the surface normpl
peaks, shown in Fig. 5, revealed that the kefPows in two The AF ordering of the films was determined by elastic
bicrystalline orientations that are rotated 60° with respect taeutron diffraction measurements on beam-line HBDA (
each other. The FePtl11-2)axes of the bicrystals are rotated =2.357 A) at the High Flux Isotope Reactor at the Oak
by ~6° relative to the in-plane axis of the sapphire sub- Ridge National Laboratory. The cross section of the neutron
strate. This rotational mode of strain relief was also observetieam measured>2 cm, so that the samples were fully il-
for Nb and Mo on(11-20) Al,O5 (Ref. 18)and for Al on Si luminated by the beam for all orientations. For cooling, the
(100)° Assuming a rigid lattice and no strain relief samples were mounted in a cryostat, which allowed

Ill. NEUTRON SCATTERING
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2.5nm
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/<1TO>
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<001>

10 nm
FIG. 6. Pole figure for FeRbn a-axis sapphire. Solid white and

gray circles represent the Fghlirections of twins 1 and 2, respec-
tively. Half-white and half-gray circles represent a direction com-
mon to twins 1 and 2. Solid black circles indicate the high symme-
try directions of the sapphire substrate. Th&° rotation of the
FePt with respect to the sapphire has been taken into account.

Snm

temperature-dependent measurements in the range of 10—
300 K.

Although all the samples investigated are chemically or-
dered, unlike with x rays, chemical superlattice lines of the
type (100)and(110)are not measurable with neutrons, since FIG. 7. (a) 500x500 nn? topographic AFM image of sample
Fe and Pt have almost the same coherent scattering Iengf;}pl_F%Pt73 (110) grown at 750 °C onto MgQ@110). The stripes

0 nm

for neutrons(9.45 and 9.60 fm, respectively). indicate (111) facets, typical for(110) epitaxial films. The rms
roughness is 0.5 nmb) 5X5 um? topographic AFM image of
A. MgO substrates sample S1-FePt; (111) bicrystal grown at 750 °C onto AD;

(11-20). The surface shows ridges, that aré nm high and~80

nm wide. The rms of the surface between the ridges is 0.7 nm. The
stripes that run diagonally across the picture are parallel to the
Al,O; ¢ axis.

For both films M1 andM2) grown onto MgO(110),
only ordering in theQ, phase was found below 160 K. The
samples were examined for tlig¢, phase by searching for
the presence of the magnetiEg0 0) reflections, which were
observed in Fe-rich bulk FepPt® Both the in-plane Figures 8(a)and 8(b) show the temperature dependent
[0 0 3] and the[; O O] reflections, 45° from the surface integrated scattering intensities of the out-of-pldaes 0]
normal, were present in neither the,fRt;; nor the FgPt,,  and the in-plangs —3 0] AF peaks of samplesl1 andM 2,
films at any temperature. Neither sample exhibited a magrespectively. The integrated intensity was corrected for back-

netic (3 5 3) reflection. ground by subtracting an identical scan collected at 220 K,
The temperature dependent scattering intensities of thhich is well above the Na temperature, from low-

in-plane magneti¢; —3 0] and out-of-pland 3 3 O] reflec-  temperaturey scans. Thé3 3 0]: [3 —3 0] ratio of the inte-

tions were measured. Both peaks originate from a given dograted scattering intensitiegout-of-plane: in-plane)for

main state of th&; phase. Both the in-plane and the out-of- samplesM 1 andM2 are plotted in Fig. 8(c). The ratios are

plane AF peaks vanished at160 K in each sample, which ~0.5 for M1 and~0.8 for M2 and are nearly temperature

is in agreement with the & temperature of bulk Fept independent. We compared these intensities to the out-of-
Due to resolution limitations of the instrument, only a plane[2 2 0] and the in-plan¢2 —2 Q] scattering intensities

lower limit for the magnetic domain sizes in samphdsl of the MgO in order to correct for geometric effects. TRe

andM2 could be determined from the width of the magnetic2 0]: [2 —2 0] ratio of the MgO peaks was 1.5 for both

peaks: the magnetic domains in both samples are at least 18@mples, so the corrected ratios are further decreased to

nm in size at all temperatures. ~0.33 forM1 and~0.53 forM2 after correction.

134426-4
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M1. The in-plang 3 — 3 0] reflections are stronger than the out-of-
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is higher forM2 than forM 1.

The direction of the spin axis of a single domain can be
determined from the differences between the integrated in-

PHYSICAL REVIEW B 63 134426

TABLE |I. The polar and azimuthal angles for spins lying in
different high symmetry directions are listed in the second and third
column, respectively. The theoretical out-of-plane to in-plane scat-
tering intensity ratio is listed in the fourth column.

Sif ©

hkd © ® 1—sirf ® cos ®
110 90° 0° 0
111 90° 35.26° 3
111 90° 144.74° 3
001 90° 90° 1
100 45° 0° 1
010 45° 180° 1
101 60° 54.74° 1
101 60° —54.74° 1
011 60° 54.74° 1
011 60° —54.74° 1
111 54.74° 90° 5
111 54.74° —-90° Z
110 0° N.A? 0

aNot available.

where© and® denote the polar and azimuthal spin angles,
respectively, andd is measured from the surface normal,
i.e., the[1 1 O] direction, and® is measured from the
[1 —1 O] direction in the plane.

Bulk FePt crystallizes in the cubit 1, structure and the
spins are only allowed to point in high symmetry directions
assuming a perfect crystal. The angles and the scattering ra-
tios obtained from Eq(1) for spins aligned along these high
symmetry directions are listed in Table I.(A00) spin direc-
tion for the magnetic phases in bulk FgRias suggested by
diagrams in earlier publications on bulk FgPf However,
any (100) single or multiple domain state ¢100) domains
would yield an intensity ratio of 1, which is not observed
here.

The fact that the in-plane intensity is higher than the out-
of-plane intensity requires domains with a significant out-of-
plane spin componeije.g.,(110) domains]. Since the scat-
tering intensity for the in-plang; —3 0] reflections is higher
for M1 than forM2 and the out-of-plang} 3 0] reflections
are about the same for boM1 andM2, more spins irv 2
have to be closer to the in-plapg —1 0] axis than inM 1.

B. Al,O3 substrates

tensities of symmetry equivalent magnetic reflections since The magnetic ordering for the FeRin sapphire $1 and
only the component of the moments perpendicular to thés2) was found to be very distinct from the ordering on MgO
scattering vector contribute to the observed intensity. FoRnd closer to that observed in bulk crystals. It is apparent
Samp|es|\/| 1 andM?2, the ratio of out-of-p|ane to in_p|ane from the pole figure in Fig. 6 that both twins contribute to the
scattering intensities is computed as

115,3.0]

Si O

I[:_ZL!_%!O] -

1-sifOcosd’

out-of-plane nucledrl 1 1] and all in-plane nucled®2 —2 Q]
and magnetid; —3 0] reflections. Samplé&1 shows AF
ordering in both th&; and theQ, phases and behaves very
much like bulk FeRt Since the FeRigrows as a bicrystal on
sapphire both twins were measuié&dgs. 9(a)and 9(b)]. The

out-of-plane[0 3 0] and[3 0 0] reflection of twins 1 and 2,

134426-5
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50 (@) AF Peaks (Twin10fS1) ¢ [012-1/2] 1 60| AF peaks (twin 1 of $2) —a—[0 1/2-1/2]
.*:.: A [01/20 1 o —0—[01/20]
= & B E1/2 1/2]0] 20 N
o 40 =~ 1 50 o ‘
-"‘;:' & @& @ E 3 ™ 1 z 15 [0 1/2-1/2) 11
=1 = s I
£ 30F " ] S 401 X £ 10 L |
-—g . - ] g 30- Z 05 5 = i
2 20f - g * ] z z . LT I
(0] il ‘B 0 50 100 150 200
E - - S 201 TK 1
0 & & & ks ] S
] 10 .
0 P TP TR | L A A L W e ] X
50 [ (b) AF Peaks (Twin2 of §1) @ [1/20-1/2] % o 200 250 300
- A [1/200]
. L g m [1/21/20] TK]
w 40L .
2l - o & ol - ] 11 1 . .
5 ] FIG. 10.[0 5 — 5] and[0 3 0] magnetic reflections of samp&2
g 30 - ] (compare to diagram in Fig.)6The temperature behavior of the
E == - [O % - %] reflection, which is almost entirely suppressed, but peaks
2 20p s ] at ~120 K, is shown in the inset.
2 = 5 g = 1
= -
10} - b ) ) )
- The width of the magnetic peaks in samp&k and S2
ol v v o o B e . was comparable to those in samph4 andM 2, so that 100
0 20 40 60 80 100 120 140 160 180 200 nm was also determined to be the lower limit for the mag-
TIK] netic domain sizes fogl andS2 at all temperatures.

A correlation between chemical and magnetic peaks can
FIG. 9. (a) Magnetic peak intensities for tj® 3 —3], [0 30],  be found forS1. The in-plang0 2 —2]chemical peakFig.
and[3 3 0] reflections from twin 1 of samplg1. (b) Magnetic peak  11(a)]has a maximum aly,= 100K, where the magnetic
intensities for thg 0 — ], [3 0 0], and[4 } 0] reflections from [0 3 0] peak disappears. With increasing temperature, the
twin 2 of sampleS1 (compare to diagram in Fig.)6 intensity of the[2 2 0] and[0 2 O] chemical peak$Figs.
11(b)and 11(c)]pbegin to grow at~80 K, level at~200 K,
and remain constant up to room temperature. The nuflear

respectively, decrease with temperature in a Brillouin func-- 1] peak[Fig. 11(d)]decreases with increasing temperature

tion like manner and both vanish i, ~100K. The in- and shows no correlation with the magnetic peaks. No

I found in the chemical k iti f I
plane[0 3 — 3] and[3 0 —3] reflections, which originate gqoxlzliywas ounc in the chemical peak positions of sample

from both twins and the out-of-plarfé 3 0] reflections of
twins 1 and 2, exhibit a plateau at low temperatures, peak

aroundTy;, and vanish affy,~160K. The(3 3 0) reflec- o) “r e BI% gm ®) A
tions are clearly suppressed upon the formation of @he & 4% I I IHH 2220 . * 220)(win 1)
phase aflTy,. An asymmetry between twin 1 and 2 is ob- % H > 5  B2Cfom
served in the magnetic reflections: The peak exhibited by the § 420 ilg.ﬁuﬁémms) [ ézw- —

[3 5 O] reflection of twin 2 is less pronounced than that by the

[3 3 0] reflection and th¢0 0 3] reflection of twin 2 is less 410 200
intense than th0 3 0] from twin 1. This indicates a higher sof T T el 1 1
volume fraction of twin 1 than twin 2 in this crystal. This .t © L0 7 I%{ {1 1 1] (both twins)
asymmetry may be attributed to the 6° rotation of the FePt % S i PN g e
on the sapphire in only one sense. g 5 F S1100]

Figure 10 shows th¢0 2 —1] and[0 } 0] intensities of N £ D2omint) §"80
twin 1 in the Fe-rich sampl&2. For this sample th&, e surface nomal | i

phase is the dominant phase with tf@&23 —3] reflection 40— 0750 200 200 300 00 Re o iso B0 550500
being almost entirely suppressed. However, a small amount hL T

of the Q; phase persists and its intensity peaks-a0 K, FIG. 11. Chemical peak intensities for sam3#: (a) the in-
where thg0 3 0] reflection has lost about half of its intensity, plane[0 2— 2] intensity peaks at 100 K, where the magngli® 0]
and maintains some intensity up te200 K as shown in the  ordering disappearb) the[2 2 0] intensity, measured 35.26° from
inset of Fig. 10. The0 3 0] reflection is very strong and the sample normal, increases up+a00 K, (c) the[0 2 0] intensity,
vanishes afl\,~140K, a higher critical temperature than measured 54.74° from the sample normal, increases w2 K,

for sampleS1. This increase ofy, with Fe content is con- and(d) the[1 1 1] intensity decreases monotonically with tempera-
sistent with bulk data?® ture.
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chemical peaks shift monotonically to lowgy indicating an (a) 1sF T SNNNN

expansion of the lattice with increasing temperature. —_ 10 o /; = 100K f’fj ]
The peak at-100 K may be explained by spin frustration § s / / 11 }j

as the magnetic lattice goes through the spin—reorientatioré 0 J;

transition from theQ, to the Q, phase, in which case some @ -5// / 11 / f

of the Fe moments may align ferromagnetically and there- = ‘10_*“«_,“..,,../ [ JJ

fore give rise to a ferromagnetic contribution to the intensity 5]

of the in-plane chemical Bragg peak. Relating the anomalies 150

in the chemical peaks to the spin-reorientation transition is 4z 4ot 20K ] | 300K

supported by the observation that the chemical peal&in L 4 e 7

are well behaved as are those of te andM2 films on g 0

MgO. In these samples, the magnetic order is dominated by 5 -5; /j 1t 2

either theQ, or theQ, phase and the chemical peaks remain ~ =10~ 17

constant over the temperature range measured from 20 t s e ]

300 K. 1510 -5 0 5 10 15-15-10 -5 0 5 10 15
Superconducting quantum interference device magnetom H [kOe] H [kOe]

etery was performed on samplg$ andS2 to investigate the
magnetic behavior in more detail. In both samples, a small
ferromagnetic signal can be measured and related to the
magnetic ordering of the dominant AF phase. The samples
were field cooled in a 20 kOe field and in-plane hysteresis
loops for increasing temperature were acquired perpendicula
to the in-planec axis of the sapphire. At 10 K after field
cooling, sample&sl exhibits a coercivity oH -~ 1.0 kOe and

a loop shift of~ —70 Oe, and sampl82 exhibits a coer-
civity of Hz~4.1 kOe and a small loop shift of —100 Oe.
Both the ferromagnetic component and the small exchange
biasing had been observed in bulk sampl&ampleS2 is
almost paramagnetic at room temperature, wiile main-
tains some degree of ferromagnetic order. Hysteresis loop:
of sampleS2 for four different temperatures are shown in
Fig. 12(a). The temperature dependent coercivity of samples
Sl an_dS_Z is shown in Fig. 1@) and 12(c), respectively and FIG. 12. (a) Hyteresis loops for different temperatures measured
it is distinct from the behavior of uncoupled small Fe par- perpendicular to the in-plane axis of sampleS2. The complete

ticles. The high coercivity suggests the presence of sOMgmperature dependence of the coercivity and remanent moment for
ordered FePt rather than Fe particles or a strong couplingamplesS1 andS2 are shown inb)—(d).

term between the Fe or FePt particles and the AF et
trix.

Figures 12(dand 12(e)show the remnant momenkA(g) not readily anticipated from the bulk data. For bothP& 3
of S1 andS2, respectivelyM decays with temperature and and FgyPt;, films on sapphire, the critical temperatures at
exhibits a plateau for sampl2 at ~100 K, where a small which (3 0 0) and(3 3 0) spin ordering occurs are the same as
magnetic(; 0 3) peak was observed by neutron scattering.in bulk. However, we showed that 0 0) ordering can be
The moment measured at 10 K is1% of the moment of completely suppressed by growing FgBnto MgO (110)
bulk Fe for both samples, althou@? incorporates-7% of  and that(3 3 0) ordering can be suppressed by growing
excess Fe. The low moment supports the theory of excess Fa,;,Pt,, onto AlL,O; (11-20.

(b)H_(S1) ] h oM, s2

H, [kOe]
N oW

-

\\\
T —————e ]

N
(= =)

@M (s ()M, (52)

-
[$)]

M [emu /em’)
o 3

o

50 100 150 200 250 300 50 100 150 200 250 300
TIK] T [K]

atoms preferentially occupying the face centers in litlig The existence of &, phase inS1 andS2 may originate
unit cell rather than forming ferromagnetic Fe or FePt clus{from the existence of twin and/or antiphase boundaries ob-
ters. served in bulk FeRtand films grown on sapphire. In these

boundaries Fe can occupy Pt sites forming Fe-Fe next neigh-
bor pairs. Those pairs couple ferromagnetically and spin
IV. CONCLUSIONS frustration could be avoided by. ordering exclusively in the
Q, phase. For FgPt; on sapphire the magneti@, to Q;
FePt is a very simple AF system, since the Fe atoms arghase transition is reflected in some of the chemical Bragg
arranged on a simple cubic lattice. Nevertheless its magnetiseaks at~100 K, which suggests additional ferromagnetic
properties are quite rich, since it exhibits two different kindsordering due to spin frustration during the spin-order transi-
of AF ordering. We demonstrated that high quality epitaxialtion. The suppression of th®, phase for FeRtfilms on
FePt films can be grown onto Mg@110) and a-axis sap- MgO most likely results from strain and higher density of
phire. Furthermore, we showed that substrate and film comdefects reflected in the larger x-ray rocking-curve widths.
position affects the AF ordering of FgRhin films in a way The (110) films grown onto MgO(110Yyesult in a spin-
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