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Magnetic structure of Co;_,Mn, alloys
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Co, _,Mn, thin films epitaxially grown on GaA801) have been studied using reflection high-energy elec-
tron diffraction, x-ray diffraction, and the magneto-optical Kerr effect. The result shows that Co-rich films are
body-centered cubic and ferromagnetic, and Mn-rich ones are face-centered cubic and antiferromagnetic.
However, the film structure and magnetismxat0.5 show strongly thickness-dependent behavior. The mag-
netic phases of ordered €gMn, alloys (x=0,1/4,1/2,3/4,1) in both bcc and fcc structures have also been
investigated by a first-principles linearized augmented plane-wave calculation in the local-spin-density ap-
proximation. With the help of the calculated results, the correlation established in experiment between the
structure and magnetism of €gMn, alloys is better understood.
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. INTRODUCTION Co,_,Mn, phase for 0.7&x=<1, where no thermodynami-
cally stable phases exists in the bulk material. A bcc
The correlation between the structure and magnetism ofo, ,Mn, phase, which does not exist in the bulk material,
3d transition-metal alloys has long been an important topioyas also realized for €x<0.44—a much broader range
in condensed matter physics. Different chemical composithan we previously though For 0.44<x<0.78, the
tions in an alloy might lead to various crystallographic struc-Co, _,Mn, films are bcc in the initial stage of growth; then a
tures, which in turn can modify its magnetism. The efforts tofcc phase starts to develop on top of the bcc phase as the film
investigate such a correlation are helpful in principle to reacthecomes thicker. Obviously the phase diagram obtained here
a better understanding about itinerant magnetism, or even @y epitaxial Cq_,Mn, films is very different from that of
manipulate these materials for specific desired magnetighe bulk material; it is therefore interesting to study it and to
properties. Among the @ transition-metal alloys, the Mn- establish the correlation between structure and magnetism.
based alloys have recently attracted special attention becausge magnetic measurements show that a_Ghin, film is
of their potential applications in the magnetic recordingferromagnetic whenever its structure is bcc. On the other
industry! > The Cq_,Mn, alloy is one of them, and has hand, it is antiferromagnetic whenever its structure is fcc.
shown interesting magnetic propertfes? The magnetic  This strong correlation realized in experiment between the
phase diagram in bulk Go,Mn, was established by Men- structure and magnetism of CaMn, alloys was further
shikov et al,” and shows that Ga,Mn, is ferromagnetic  studied and confirmed by a first-principles linearized aug-
with a hexagonal-close-packed structure fer<0.32, but  mented plane-waveLAPW) calculation with the local-spin-
is antiferromagnetic with a face-centered-cubic structure fodensity approximatiofLSDA).
0.32<x=0.52. Forx>0.52, it is no longer possible to stabi-  This paper is organized as follows. In Sec. Il we describe
lize the fcc state. first the growth and structure characterizationibysitu re-
However, it is known that epitaxial growth of materials on flection high-energy electron diffractioRHEED) and ex
some appropriate substrate can drive the film into a specifisitu x-ray diffraction, and then the magnetic measurement by
crystalline structure. These structures may be in a thermodythe magneto-optical Kerr effe@MOKE). The first-principles
namically stable bulk phase, a known high-pressure or highealculation and its results for both bcc and fcc ordered
temperature phase, or even a phase not previously observegip, _,Mn, alloys are presented and discussed in Sec. lIl. A
They greatly increase the variety of magnetic materials bysummary is given in Sec. IV.
essentially making “new” materials from “old” elements.
Body-centered-cubic Co, which does not exist in bulk phase,
and face-centered-cubic Mn, which exists only at high tem-
perature, were obtained by epitaxial growth on GaAg! Co,_,Mn, films were grown in a molecular-beam epitaxy
Motivated by these two results, we are curious to see whaiMBE) growth chamber connected with a VG-ESCALAB-5
will happen if Co and Mn are codeposited to form electron spectrometer system. Te-doped Ga@3 single-
Co,_,Mn, alloys on a GaAs substrate, and what the correcrystal wafers were polished and treated by a standard clean-
lation will be between its structure and magnetism as a funcing process. The final substrate cleaning was performed us-
tion of composition. ing two different procedures. One is our routinely used
In this work, the whole range of compositions <& method, i.e., argon ion bombardment followed by annealing.
=<1) has been experimentally explored for the growth ofThe other is a chemical etching method, using
Co,_Mn, alloys on GaAf01). The results show a fcc H,SO,:H,0,:H,0=5:1:1,before loading into the MBE sys-

Il. EXPERIMENT
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FIG. 1. Schematic top view of unreconstructed G@8d), to-
gether with rotated fcc Go,Mn,(001) and unrotated bcc - %
Co;_4Mn,(001) surfaces. o ¥
tem and flashing to 580 °C in an ultrahigh vacuum chamber. e
We found in our experiment that the latter procedure pro- ”
vides better substrates for epitaxial films. The reconstruction @ © )

pattern of (4< 1) with streakqcaused by a random combi-

nation of (4<2) andc(8x2) (Ref. 19] was observed by FIG. 2. Representatve =~ RHEED  patterns  of
low-energy electron diffraction. Auger spectra show that theco, _,Mn,/GaA<001) in different Mn composition rangesa)
surfaces are free of carbon and oxygen contamina€lean GaA&01) surface;(b) bcc phase of CgMn,, films; (c) fcc
tion. 99.99% pure Mn and Co were charged into two sepaphase of CaMng, films; (d)—(f) thickness-dependent transition
rate ALO; crucibles of Knusden cells. The €oMn, fims  from bce to fcc phase for GgMing film.

were prepared by coevaporating Co and Mn on the

GaAg001)) substrate at 400 K. The film thickness and com-ipe Cq_,Mn, film structure on the GaA801) substrate,

position of the Ce_Mn, alloys were calibrated and prop- since the spotlike diffraction patterrisr 3D growth modg
erly adjusted using a quartz thickness monitor, and furthegre indeed realized here.

confirmed by Auger electron spectroscopy. Figure 2 shows some representative RHEED patterns,

with the incident electron beam along th&10] direction,
for epitaxially grown Cg_,Mn, films with different compo-
sitions. Figure 2a) shows the RHEED pattern for a clean
GaAq001) with the zinc-blende structure together with GaAg002) surface, which serves as an internal scale to mea-
the corresponding Miller indices is illustrated in Fig. 1. In sure the film lattice constants. A typical RHEED pattern for
general, two kinds of epitaxial-growth geometry are ex-the Cq_,Mn, films with composition 6=x<<0.44 is shown
pected for @ transition metals and alloys on this substrate,in Fig. 2(b). The spotlike patterns represent transmission
i.e., the fcc structure with (00[L110]5,/(001) 100]g.as@nd  through 3D crystallites, which indicates island growth mode
the bcc structure with (00[L100]4,/I(001) 100]g.as- The  Of the films. By using the recipe mentioned earfigit is
lattice misfits between fcc-Co/GaAs and bcc-Co/GaAs areasy to recognize that such a rectangular-shaped pattern must
—10.8% and 0.1%, respectively, while the misfits betweercorrespond to a bce structure. Therefore it is known that the
fcc-Mn/GaAs and bce-Mn/GaAs are8.6% and 2.3%, re- epitaxial Co-rich Ce_,Mn, films are in a bcc phase, similar
spectively. If the lattice match is the only concern, then ato that of Co on GaA®01). Comparing to the preliminary
naive guess for the epitaxial structures of Co and Mn orresult we obtained earliéf it is noted here that this epitaxial
GaAg001) would be both bcc, because the bcc phases havecc structure, which does not exist in bulk phase, actually
much smaller misfits with the GaAs substrate than the fceovers a much wider range of composition than we previ-
phases do. However, the experimental truth is that Copusly thought. The in-plane lattice constants of the
GaAg001) does have the bcc structure but Mn/G&FG1) Co,_4Mn, films atx=0.4, as shown in Fig.(®), are esti-
has the fcc structure. The mechanism of the unexpected beated to bea=b=0.29 nm, according to the RHEED pat-
havior of Mn/GaA$001) has been investigated and discussedern. However, it is difficult to determine the interlayer dis-
in more detail elsewher¥. It was found that the interface tance accurately from the RHEED patterns alone; thus x-ray
structure played a key role in the formation of the fcc phasediffraction measurements were carried out. For example, the
Spotlike RHEED diffraction patterns or a three- interlayer lattice constant of Go,Mn, atx=0.4 was deter-
dimensional3D) growth mode are normally observed in ex- mined to be 0.289 nm.
periment for the growth of & transition metals and alloys on A typical RHEED pattern for Cp_,Mn, with composi-
semiconductor substrates; a fingerprint recipe has been déen 0.78<x<1 is shown in Fig. &). By again using the
veloped to distinguish between fcc and bcc structlffadle  recipe mentioned earlier, it is easy to recognize that such a
will use this simple procedure in the following to determine square pattern must correspond to a fcc structure. Although

A. Growth and structure
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FIG. 3. X-ray diffraction spectra for 37 nm Gn,, grown at forr_n. the fcc phase when the film gets thicker. It is this com-

400 K. petition that finally leads to the double-layer structure of the
film with the fcc on top of the bcc phase, and the coexistence
of the bcc and fcc patterns in Fig(e? is just an indication of

no stable bulk phases of €oMn, alloy can be obtained for sych a structural transition region. It is very unlikely that this
x>0.52, the result here demonstrates that the epitaxial Mnbcc and fcc coexistence region corresponds to a phase sepa-
rich Co,_,Mn, films are in a fcc phase, similar to that of Mn ration into Mn-rich fcc and Co-rich bee phases, otherwise the
on GaA$001). The in-plane lattice constants of the film structure in the final stage of growth would become
Co,_,Mn, films atx=0.9, as shown in Fig.(2), are esti- much more complicated than the one we observed here in
mated to bea=b=0.36 nm according to the RHEED pat- Fig. 2(f).
tern. The interlayer lattice constant was determined to be Based on the foregoing characterizations of the
0.360 nm using x-ray diffraction. Co, _,Mn, film structure in the whole range of compositions

However, the structure of the €oMn, fiims in the 0<x<=1, we show in Fig4 a structural phase diagram as a
range 0.44x=<0.78 is more complicated and shows thick- function of composition. Three regions are clearly seen in
ness dependence. A typical case is given in Figd)-2(f),  this figure, i.e., the Co-rich bcc phase region marked I, the
where the RHEED patterns of a §Mn;q thin film were  Mn-rich fcc phase region marked lll, and the intermediate
recorded at different growth stages to show the thicknesgegion with mixed bcc and fcc structures marked Il. Since Co
dependence. In the initial stage at film thickness thinner tharends to grow in the bcc phase while Mn prefers to form the
5 nm, the film is bcc as shown by Fig(d. As the film gets  fcc phase on a GaA801) substrate, we believe that the dif-
thicker, a mixture of rectangular- and squarelike diffractionferent epitaxial structures of Go,Mn, films are the results
patterns is observed, as shown in Fige)2indicating the of competition. However, the detailed growth mechanism
coexistence of some fcc and bcc phases on top of the initighust depend not only on the strain due to the lattice mis-
bcc film. In the final stage of growth fa#>27 nm, the top- match between Co and Mn and Gd&881), but also on the
layer film has a fcc structure as shown in Figf)2 The interface chemistry’
coexistence of fcc and bcc phases in the G¥n, films With this structural phase diagram in mind, we carried out
with x=0.70 was further confirmed by x-ray diffraction magnetic measurements in order to establish the correlation
measurement, as shown in Fig. 3. Both fcc and bcc peaks ateetween structure and magnetism. Both polar and longitudi-
clearly seen in this figure, from which the lattice constantsnal magnetic hysteresis loops were measured for the
for fcc and bcc phases are obtained as 0.361 and 0.295 ni@p, ,Mn, films as a function of compositior, using the
respectively. The thickness-dependent behavior of thenagneto-optical Kerr effect technique. Since the results
Co,_,Mn, films in the intermediate range of composition show that they all have in-plane rather than out-of-plane
might be regarded as a result of competition between thenagnetic easy axes, the discussion in the following will be
tendencies to form fcc and bec structures, since the growth dbcused only on the in-plane magnetism.
pure Co on GaA®0)) is in the bcc phase whereas pure Mn
on GaAg%00)) is in the fcc phase. Since in the intermediate
composition range the bcc phase of thg Cdn, alloys has
much smaller lattice misfit with the substrate1%) than the Some typical MOKE loops with different compositions,
fcc phase(~9%), it is reasonable that the initial growth of after being normalized for film thickness, are shown in Fig.
Co,_4Mn, on GaAg00)) is in the bcc phase. However, since 5. There are several facts to be noted in this figure. First, all
the bcc phase of Go,Mn, is a phase that does not exist in the Co-rich Ce_,Mn, films for x<<0.44 exhibit strong fer-
the bulk phase diagram, it is possible that CdMin, tendsto  romagnetism. Second, all the Mn-rich £qQMn, films for

B. Magnetism
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1.02} (e)Co, Mn,, (fiCo, Mn,, . structure. Therefore, it is concluded from the above magnetic
measurements that €o,Mn, films are ferromagnetic if the
structures are bcc, whereas they are not ferromagnetic if the
1.00 | pupmaaenRRASEE Bt 1 structures are fcc. Furthermore, our preliminary results ob-
tained from fcc-Co_,Mn,/Fe bilayer systems indicate the

existence of unidirectional exchange bias between fcc

0.98 i i Co,_Mn, and Fe, leading to the conclusion that the fcc
o T Co,_,Mn, films are antiferromagnetic.
100 -50 0 50 100 -100 -50 0 50 100
Magnetic Field (kA/m) Ill. THEORETICAL CALCULATION
FIG. S. Longitudinal MOKE hysteresis curves for £gMn, A correlation was established in experiment between the
alloys at different Mn compositions. magnetism and structure of CaMn, films, but its expla-

- . .. nation is not trivial. For this purpose ab initio all-electron
x>0.78 exhibit zero total magnetic moment, although it iSjjyaarized augmented plane-wave calculation in the local-

unknown whether they are paramagnetic or antiferromaggin_qensity approximation was carried 88he main task

letii' Last, the films with intermediate compositions 0.44pg6 is o check whether the foregoing experimental results
=x=0.78 show relatively weak ferromagnetism. It becomes.a, pe understood in principle based on the currently exist-

clear from these results that a strong correlation does eX|§,It1g theoretical framework for itinerant magnetism.
between the structure and magnetism for, Gn, films, Since Cq_,Mn, alloys with both bcc and fcc structures

I.e., the bce phase corresponds to ferromagnetism while thg,e peen observed in experiments as shown previously, we
fec phase corresponds to the absence of ferromagnetism. 56 going to investigate them separately in the following cal-

However, it is still unclear why the magnetism becomesgjation. The models used are limited to chemically ordered
relatively weak in the intermediate composition region. TWOCol,XMnX alloys with compositions ok=0,1/4,1/2,3/4,1
options might exist: either the magnetic moment per atom igyhich means only four atoms in each unit cell are considered
smaller for the whole film than for the Co-rich phase, or only¢,. hoth bee and fee cases. as illustrated in Fige) and
part of the film is ferromagnetic and the rest of it does not7(b), respectively. Although it is difficult to verify whether

contribute to the total magnetic moment. In order to distin-o ot the model does represent the experiment correctly, we
guish these two different mechanisms, wedge-shaped

samples were prepared and measured by the MOKE tech
nigue at room temperature. Figure 6 shows a typical curve
from these measurements, where the Kerr intensity versu:
thickness for a CgMnyg film is given. A trilayer magnetic
structure is realized in this figure, i.e., a magnetic dead layer
(~2 nm) near the interface, a ferromagnetic layer in the
middle, and a nonferromagnetic layer on the top. The expla-
nation for this result is straightforward. The magnetic dead
layer is presumably caused by the interface reaction betweel
film and substrate, as is quite common in such systems. The
linearly increasing Kerr intensity comes only from the bcc-
dominated Cg,Mn,g film. The saturated Kerr intensity is FIG. 7. Unit cells of Cg_,Mn, alloys in calculation(a) bcc and
caused by the fact that the top layer has the fcc-dominatetb) fcc structure.

(a) bee structure (b) fce structure
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TABLE I. Lattice constantgnm) used in calculation for both TABLE II. Calculated atomic magnetic momentag)m(i) (i
bcc and fcc phases. =1,2,3,4 as shown in Fig,) Tor bcc Cq _,Mn, alloys. m,, means
the average atomic moment per unit cell. The asterisk indicates Co
X atoms, and the rest are Mn atoms.
0.00 0.25 0.50 0.75 1.00 X
bce 0.283 0.285 0.286 0.288 0.289

m(1) 1700 107 0.004& 1.06 2.02 2.10
m(2) 170 -214 -178 -218 -053 -210

think at least it serves as a reasonable working frame towargh(3) ~ 1.70° 102 0.004  2.13 2.02 2.10
a better understanding of the real situation. The fact tham(4) 170 137 179 118 -230 -210
Co;_4Mn, films can grow epitaxially on the Gaf®@01) sur- My 170 033  0.004 0.55 0.30 0.00
face excludes the possibility of macroscopically precipitated
Co and Mn patches in the films, otherwise the lattice mis-

match between them would prevent the films from beingspins of atoms 1 and 3 antiparallel to those of atoms 2 and 4,
single crystalline. However, chemical disordering in the al-which agrees with the result obtained previously by Fuster
loy films may very likely happen; this needs to be addressegt al, using a different method of calculatiéh.The mag-

in more detail with techniques such as extended x-ray abAetic moment for each spin is 2t} . Since no experimental
sorption fine-structuréEXAFS) measurements, which is cer- data exist in the literature for pure fcc Mn, a direct compari-
tainly beyond the scope of this paper. It should also beson with our calculation is not available at this moment.
pointed out that neither magnetic configurations other than &dlowever a value of 24z was obtained by extrapolation
collinear alignment nor magnetic structures with bigger unitfrom the MnCu alloy, which is not too far from what we get
cells are considered in this calculation. here?’

The four atoms labeled 1, 2, 3, and 4 in Fig. 7 can be For the fcc Cg_,Mn, alloy with x=0.25, the calculated
either Co or Mn atoms, representing CoMn, alloys with  result shows that the three Co spins are parallel to each other
different composition. Fifty plane waves per atom andk30 but are antiparallel to the Mn spin. The magnetic moments
points in the first irreducible Brillouin zone are used in theare —2.14ug for Mn, and 1.0%g, 1.02ug and 1.3 g for
calculation. The self-consistency is better than 0.@au®  Co. This leads to an average net magnetic moment ofu( 33
for charge density and spin density, and the stability is betteper atom in a unit cell. A direct comparison with experiment
than 0.1 mRy for the total energy per cell. is not available, since the fcc gaMng .5 alloy does not

The lattice constants used in the calculation for pure Ceexist according to the phase diagram.
and Mn are chosen in the following way. The lattice con- For the fcc Ce_,Mn, alloy with x=0.5, two different
stants of 0.354 and 0.283 nm for fcc and bcc Co, respecatomic configurations are possible in principle. If one of the
tively, are taken from experimental ddfaThe lattice con- Co atoms is put at position 1 in Fig(, then the type-I
stant of 0.365 nm for fcc Mn is also taken from the configuration means the arrangement with Co atoms at 1 and
experimental valué® Since no experimental values for bcc 3, and Mn atoms at 2 and 4. The calculated result for this
Mn exist so far, a value of 0.289 nm is used based on thease shows that the two Co spins are parallel to the Mn spin
assumption that it has the same atomic density-#dn.?>  at 4 but antiparallel to the Mn spin at 2. The magnetic mo-
With these four numbers fixed, the lattice constants for botiments are 0.004g for both Co atoms, and-1.78ug and
bcc and fcc Cp_,Mn, alloys are then obtained by linear 1.79ug for the Mn atoms. This leads to an average magnetic
interpolation, as listed in Table I. moment of 0.004g per atom in a unit cell, essentially anti-

Based on the lattice constants given in Table |, the calcuferromagnetic ordering. On the other hand, the type-Ill con-
lated total magnetic moments per unit cell as well as thdiguration means the arrangement with Co atoms at 1 and 4,
individual atomic magnetic moments in each unit cell for
both bcc and fcc Co ,Mn, alloys are obtained, as seen in  TABLE Ill. Calculated atomic magnetic momentg.£)m(i) (i
Tables Il and lll, respectively. In the following we discuss =1,2,3,4 as shown in Fig.) Tor fcc Co,_,Mn, alloys. m,, means
the results for fcc and bcc phases separately. the average atomic moment per unit cell. The asterisk indicates Co

atoms, and the rest are Mn atoms.

A. fcc Co;_,Mn, phase X

As seen in Tgble I, t_he calculated result for the fcc 0.00 025 0501 050l 0.75 1.00
Co, _,Mn, alloy with x=0, i.e., pure fcc Co, shows that the
four atomic spins in the unit cell are aligned parallel to eachm(1) 178 173 119 17T 265 —0.50
other to form ferromagnetic ordering, as expected. The magn(2) 1.78  3.02 2.77 1.93 158 237
netic moment for each spin is Jug, which agrees quite m(3) 1.7¢ 173 119 1.93 2.65 —0.50
well with that reported previously in the literatui&:2® m(4) 178 1.87* 277 17t —116 237

For fcc Cq _,Mn, alloy with x=1, i.e., pure fcc Mn, the m_, 1.78 2.09 1.98 1.82 1.43 0.94
calculated result gives antiferromagnetic ordering with the
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FIG. 8. Total density of states for majority and minority spinsin  FIG. 9. Total density of states for majority and minority spins in
the fcc phase. the bcc phase.

and Mn atoms at 2 and 3. The calculated result for this case o )

shows that the magnetic configuration is the same as type §Nergy distribution curves of the density of states near the

but the magnetic moments are very different, i.e., L£6 Fermi energy for both majority and minority spins.

and 1.1& for Co atoms and-2.18ug and 2.13cg for Mn

atoms. This leads to an average net magnetic moment of

0.55ug per atom in a unit cell. Furthermore, according to our

total-energy calculation, a small energy difference of 4 mRy As seen in Table lll, the calculated result for the bcc

per unit cell is found between types | and Il, with the latter Co,_,Mn, alloy with x=0, i.e., pure bcc Co, shows that the

more favorable. However the experimental result of Men-four atomic spins in the unit cell are aligned parallel to each

shikov et al” revealed that the fcc Go,Mn, alloy with x other to form ferromagnetic ordering as expected. The mag-

=0.5 is antiferromagnetic; meanwhile, our own experimen-netic moment for each spin is 1.48. The experimental

tal data also exclude the possibility of ferromagnetism.value of 1.4.5 was obtained by PrirtZ in an epitaxial bcc

Therefore we tend to believe that the type-1 configuration isCo film on a GaAs substrate. The agreement between these

actually closer to the real situation. values is fairly good, taking into account that the measure-
For the fcc Cg_,Mn, alloy with x=0.75, the calculated ment was done at room temperature instead of O K, and that

result shows that the Co spin is parallel to the Mn 4 spin buthe intermixing and chemical reaction at the interface might

antiparallel to the other two Mn spins. The magnetic mo-cause some magnetic dead layers.

ments are—0.53ug for the Co atom and 2.Q2;, 2.02ug, For the bcc Co_,Mn, alloy with x=1, i.e., pure bcc Mn,

and —2.30ug for the Mn atoms, leading to ferromagnetism the calculated result shows that the spins 1 and 3 are antipar-

with an average magnetic moment of Qu@0per atom in a allel to 2 and 4. The atomic magnetic moments ai@ 5ug

unit cell. This result is in fact quite different from what we for spins 1 and 3, but 2.3« for spins 2 and 4, which leads

found in experiment, where we clearly showed that the systo an average magnetic moment of Qu@dper atom in a unit

tem is antiferromagnetic. The discrepancy here could be besell. This result agrees with that obtained previously by Fus-

cause more complicated magnetic configurations other thater et al, using a different method of calculatihSince no

collinear exist or because antiferromagnetism with longer peexperimental data exist in the literature for pure bcc Mn, a

riodicity should be taken into account. direct comparison between our calculation and experiment is
We show in Fig. 8 for fcc Cp_,Mn, alloys the calculated not available at this moment.

B. bcc Co_,Mn, phase
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For the bcc Co_,Mn, alloy with x=0.25, the calculated We show in Fig. 9 for bcc Ca ,Mn, alloys the calcu-
result shows that all four spins are parallel to each otherdated energy distribution curves of the density of states near
resulting in ferromagnetic ordering. The magnetic momentshe Fermi energy for both majority and minority spins.
are 1.73g, 1.73ug, and 1.87%g for the Co atoms and It should be pointed out that the foregoing calculated re-
3.02ug for the Mn atom. This leads to an average magneticsults are obtained only for bcc and fcc phases of Gbin,
moment of 2.0&.; per atom in a unit cell. Compared to the alloys. However, the tetragonal distortion effect has also
foregoing calculation for pure bcc Co, it is a little surprising been considered and checked in the calculation. It turns out
that the total moment of the bcc €aMn, alloy with x  that the overall arguments obtained here from the cubic
=0.25 is higher than that of the pure bcc Co. In fact this isstructures will not be changed for small distortigas a few
exactly what was found in experiment as shown in Fig. 5. percent, but the result will be significantly different for large

For the bcc Co_,Mn, alloy with x=0.5, the calculated distortions, as expected.
result shows that both types | and Il are ferromagnetically
ordered. The average magnetic moments per atom in a unit
cell are 1.98 for type | and 1.825 for type II. On the IV. CONCLUSION
other hand the total-energy calculation shows that the
ground-state energy for type | is 125 mRy lower than that forC

type Il. Therefore we tend to believe that what we have ing = 414 2fcc structure for 0.28x<1. and a double-
the experiment is type I. Direct comparison with what Welayer str.uctijre with fcc on top of b.cc for 0’454<s0 78 The
found in experiment, as shown in Fig. 5, seems to indicate a : e

A . .77~ Magnetism of the Ga ,Mn, film is ferromagnetic for the
strong deviation from the calculation. However, taking |ntobCC hase and antiferromaanetic for the fee phase. This
account the facts that the ggving 5 film grows in a mixed P g P X

bee and fec phase. the fco phase does not contribute t strong correlation between structure and magnetism has been
fee p ’ P : irther explored by arab initio LAPW calculation, which
MOKE signal, and there are some dead layers in the bcc¢

hase as well the agreement between the calculation ar dicates that the overall results obtained in the experiment
P . S 9 "%n be explained in the theoretical framework of itinerant
experiment is not too bad.

For the bee Co_ M, alloy with x=0.75, the calculated electron magnetism within the LSDA approximation.

result shows that the Co spin and the Mn spins 1 and 3 are
parallel to each other, but antiparallel to the Mn spin 4. The

magnetic moments are 148§ for Co, 2.655 for Mn 1 and

3, and—1.16ug for Mn 4, leading to an average magnetic ~ This work was supported by the National Natural Science
moment 1.43 per atom in a unit cell. So far this remains Foundation of China, the Cheung Kong Program, the Hong

In conclusion, it was shown in this work that the
0, _,Mn, alloy grown on GaA&01) has a bcc structure for
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