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The magnetic, the magneto-optical, and the optical properties gfitNh alloy films with significantly
different atomic order¢from nearly single crystalline to highly disordered or almost amorphwmese inves-
tigated. The crystalline NMnlIn alloy films were ferromagnetic with a Curie temperature of 325-330 K, while
the amorphous phase was not ferromagnetically ordered down to 5 K. The diagonal and off-diagonal compo-
nents of the optical-conductivity tensor for the crystalline alloy were experimentally determined. They were
also calculated by using an all-electron full-potential linearized-augmented-plane-wave method and the agree-
ment between the experiment and calculation was reasonable after the soxcéittéry. The most intense
optical transitions occur between the minority-spin bands with mostly Ni and/or Mrci&aracters. The
joint-density-of-states effects are responsible for these transitions. The analysis of changes in the electron-
energy structure of NMnin alloy, caused by the structural disordering, were performed by using the results of
optical study. An annealing at 750 Krf@ h of the anorphous film restores its crystallinityB@ or A2 phases
and also the ferromagnetic order.
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[. INTRODUCTION specific combination of substrate materials and the film

thickness, the saturation magnetization is strongly reduced

The rapidly evolving field of magnetoelectronics stimu- compared to the bulk value. Evidently, for a thickness below
lates deep interests in ferromagnetic metals with full spirapproximately 15 Asuch HA films are no longer ferromag-
polarization at the Fermi levél.. This phenomenon may be netic. This result indicates that typically several monolayers
observed in compounds which are thought to be metallic foPf the HA at an interface are not ferromagnetic, probably

one-spin direction, while at the same time they show semioWing to alloying or strong site disorder.

conducting properties for the opposite spin direction. These However, the origin of ferromagnetism, and the effect of

so-called half-metallic ferromagnets are favorable candidate&omic _disorder on the electronic structure and the physical
as electrodes for spin-polarized-current injection into semiProperties of HAis still not well understood and constitutes a

conductors. A significant number of intermetallic Semi_challenging p”’b'ef“- I.t Is weI.I known that the. ‘.30|d work'ing,
Heusler and true Heusler alloyslA) have been predicted as well as an atomic disordering or acomp05|_t|onal dev_latlon
theoretically to be half metdisnd their films may be used as from the stoichiometry, changes the magnetic properties of

S . : HA (see, for example, Refs. 8 angl $he magnetic moment
spin injectors in such devices. True HA have a formula of

h . | ; in Mn-containing HA is predominantly located at the Mn
XpYZ, whereX andY are transition metals andis ans-p  gjies Because the Mn atoms in the ordered HA are widely

element and they are in a crystalline structuré Bf. Recent separated by the nonmagneBcatoms, the Mn atoms have
experiments, however, indicate that when using HA as elecyeen considered to be coupled via the conduction electrons
trodes on semiconductor material, the spin polarization of th¢yy a Ruderman-Kittel-Kasuya-Yosidad interaction. There-
injected carriers is far from completélhis is thought to be fore, any change in the chemical or the atomic order may
related to poor interface propertiésoth electrical and mag- directly influence the magnetic behavior of the alloy. Ikeda
netic due to site disorder, resulting in an insufficient spinand TakahasRiconsidered the effect of formation of an-
polarization of the ferromagnet &-. Indeed, the full spin tiphase boundaries produced by a plastic deformation and
polarization atEr was theoretically predicted only when as- showed that the saturation magnetization as well as the Curie
suming a perfectly orderel,Y Z structure with a puré.2;  temperaturel - could be reduced by about 30% if the dislo-
type of symmetry. It was also theoretically shown for sev- cation density reached a value of about&m 2.
eral HA[such as RfMnZ (Z=Ge, Sn, Pbor Cu,NizZn] that  Pugacheva and Jezierdkiave shown theoretically that the
a pseudogap in the density of statB¥S) for minority-spin  structural disordering in RIMnZ (Z=Ge, Sn, PbHA re-
subbands disappeared in the disordered $tate. duces the magnetic moment by about 11%. At the same time,
For example, the magnetic measurements ofMB®@  Taylor and Tsuéf as well as Krusin-Elbaunet al!! have
(Z=Sn, Si, Ge alloy films® reveal that, depending on the shown that a significant structural disordering obtained in
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TABLE I. The parameters of the investigated,MinIn alloy bulk and film samplesls andt are substrate
temperatures during the deposition and film thickness, respectivelM 4 were measured at 293 K.

Sample T Heat t Mean-grain Lattice constant FWHM of M T
no. (K) treatment (nm) size(nm) A) (220 peak(deg (G) (K)
Bulk 6.076 0.30 317
1 730 135 80-90 a=6.185,c=6.076 0.76 1790 330
2 680 130 a=6.189,c=6.060 0.80 773

3 545 105 20-30 a=6.159,c=6.118 0.86 247

4 150 75 <2~3 3.40 0

5 150 750 K/2 hr 243 a=6.188,c=6.095 0.73 743 325

amorphous GMnZ (Z=Al, In, Sn) HA films will lead to  water-cooled Cu hearth in an Ar atmosphere at the pressure
the formation of a spin-glass state. On the other hand, amoef 1.3 atm. Before preparation of the Ninin ingot, the Ar
phous NjMnGa alloy films exhibit a feature of Pauli para- gas in the furnace was additionally purified by multiple re-
magnet down to the liquid-He temperatdfenlike the pre-  melting of Ty 50Zro 50 alloy getter. To promote volume ho-
ceding cases, |&barskiet al'® have shown that the atomic mogeneity the ingot was remelted times times. Any weight
disordering in FgTiSn HA causes the appearance of a weakloss after melting was not observed. The x-ray fluorescence
ferromagnetism in the nonmagnetic ordered state. analysis revealed an alloy compositon  of

The spin-injector layer has to satisfy several demands: aNig 50Mng 24dN0. 250 With error margins of about 0.3 wt %
excellent lattice matching to the semiconductor layer as wellhereafter we refer to this as Minin). For the optical and
as a good matching between their band structures. The Of30 measurements a slab of aboutdSx 2 mn? in dimen-
dered stoichiometric bulk MMnin alloy has a cubid-2;  sjons was cut from the ingot using spark-erosion technique
crystal structure with a lattice constaatof 6.069 A (or  ang then polished mechanically with diamond powders. The
6.073 A (Ref. 14 and aTc of 314 K (Refs. 15,1 [or 320 fina| stage of the mechanical polishing was carried out with
K (Ref. 14]. The lattice constant is very close to that of the yse of the water suspension o£,0s. Then, the sample
semiconducting InAs(i.e., a=6.058 '_&)- This fact makes  gyrface was cleaned with acetone and ethanol using an ultra-
them a prormising couple for the spintronic devices. Kiliangonic cleaner and put into a vacuum chamber for the optical
and Victord” have shown that NMnin also has a good band measurements. To remove the surface contamination intro-
matching with InAs in three high-symmetry directions, quced by the mechanical treatment, the sample was annealed
among which the111] direction is the best. in a high-vacuum condition at 720 K for 3 h.

The magneto-opticMO) spectroscopies are rather sen-  \jj,Mnin alloy films of 10x 30 mn? in dimensions with
sitive and convenient tools in studying the electronic strucjfferent degrees of structural order were prepared by flash
ture and the magnetic properties of magnetically ordered sokyaporation of the crushed alloy powders of 80—108 in
ids at the same time. The MO and optical properties as wWelljiameter simultaneously onto glass and NaCl substrates in a
as the electronic structures of semi-HeuSiet’ and true  yacuum better than210-5 Pa. The alloy powder was pre-
Heusler alloy8’*were intensively studied experimentally hared from the same ingot of bulk Minin alloy. To obtain
and theoretically. However, the dielectric functiédF) of ighly ordered films, the deposition was performed onto sub-
NiMnin alloy (as far as we knoyhas not been investigated girates heated up to 730 K, while the utmost disordéfed
yet either experimentally or theoretically. Itis very attractive o casg alloy films were prepared by vapor-quenching
to apply the thin-film technology to obtain theMnin alloy  geposition onto substrates cooled by liquid nitrogen. The ac-
in structurally different stategfrom rather ordered to essen- 3| supstrate temperature during quenching deposition was
tially disordered onkin order to elucidate the overall struc- gstimated to be 150 K. Additionally, some latter films were
tural dependence of the electronic structure and the magnetigynealedn situ at 750 K for 2 h. The deposition onto sub-
properties. Thus, this work aims at the fabrication ofstrates kept at the temperatures in between 150 and 730 K
NizMnin alloy films in structurally different states, and the zjjowed us to fabricate the alloy films with intermediate de-
investigation on the influence of atomic ordering ipMhIn  grees of structural order. The parameters of the prepared
alloy on the magnetic, the MO and the optical properties ayj,Mnin alloy films are summarized in Table |.
well as the electronic structure. The MO and optical proper- The structural characterization of the bulk and film
ties were also calculated by using first-principles electronic1\|i2|\,|n|n alloy samples was carried out by usifig-20 and
structure calculations and the agreement with experimenyyazing-angle x-ray diffractiofiXRD) study with Cu and Fe
was reasonable. K, radiation, and by using the selective-area microdiffrac-
tion of transmission electron microscofyEM) for the films
on NaCl substrates. The optical properties of,NiiIn
samples were measured by using a rotating-analyzer spectro-

Bulk Ni,MnIn alloy was prepared by melting Ni, Mn, and scopic ellipsometer at room temperatyRT) in a spectral
In pieces of 99.99 purity together in an arc furnace with arange 265-2500 nrtt.7—0.5 eV at a fixed incidence angle

Il. EXPERIMENTAL PROCEDURE
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of 73°. The MO propertiegequatorial Kerr effect: EKEg)) g 8
f2

of the N MnIn HA were investigated at RT by the dynami- U .
cal method usingp-plane polarized light at two angles of
incidence (66° and 75°) in a spectral range 290—-1100 nm
(4.20-1.05 eV. The temperature dependence of the mag-
netic properties was investigated by measuring the dc
magnetic susceptibility(T) under an external field of 100
G in the 77-395 K temperature range. The magnetic proper-
ties of NpLMnIn alloy films [in plane, zero-field-cooled
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ied by using a Quantum Design superconducting quantum @), &N “'3 wy ;
interference devicéSQUID) magnetometer in the 5-395 K 0 2 3 4 5
temperature range. Additionally, the magnetic state of the 4nsinoi. (A”)

film samples at RT was evaluated by measuring the ferro-

magnetic resonand&MR) for the in-plane and out-of-plane  FIG. 1. XRD patterns fofa) bulk and thin-film NyMnin alloy

geometries. samples deposited #b) 730, (c) 660, (d) 545, (e) 150 K. XRD
spectrum for the film deposited at 150 K and annealed at 750 K for
2 h is shown as curvé).

Ill. THEORETICAL CALCULATIONS IV. RESULTS AND DISCUSSION

The electronic structures were calculated by using the
WIEN2K codeé? utilizing an all-electron full-potential
linearized-augmented-plane-wave  metfidd. For  the Different kinds of atomic orders in true HA may be ob-
exchange-correlation functional, the generalized-gradientserved. The completely ordered state is lti#g structure, in
approximation version of Perdew, Burke, and Ernzethof which a linear chain of Ni-Mn-Ni-In lies along thé&l1l)
was used. Since the spin-orbit coupling is crucial for the MOdirection of bccbased structure, forming fec Bravais lat-
effects, it is included in a second-variational procedure, andice. TheB2 structure occurs when Ni atoms occupy their
the eigenvalues and eigenvectors are computed using scal@roper sites, while Mn and In atoms randomly occupy their
relativistic wave functions. The muffin-tin radii were deter- Sites(centers of cubic cages of Ni atom#\nd finally ran-
mined in such a way that all atomic spheres were almost ilom occupation of the sites dftc lattice by Ni, Mn, and In
contact and were the same for all atoms. We uBd4,,,  atoms produces th&2 structure. The structural homogeneity
=8.0, resulting in 330 plane waves for the basis functionsof the investigated bulk sample was proven to be practically
To generate the self-consistent potential and charge, we d& single phase: all the observed diffraction lines belong to the
vided the whole reciprocal unit cell into ¥010x 10 paral- L2, phase, except th€210 one whose presence can be a
lelepipeds, resulting in 102 independénpoints in an irre- consequence of a certain disorder of B2 structure(see
ducible wedge. It should be noted here that the inclusion oFig. 1). From thed spacings, the lattice parameter of bulk
the spin-orbit interaction reduced the symmetry of the crystaNi,Mnin alloy turns out to be 6.0760.021 A which is in
from cubic to tetragonal in the spin-polarized calculations.close agreement with the literature vafde.

After self-consistency was achieved, the whole reciprocal The NipLMnin alloy films deposited onto substrate at 730
unit cell was further divided into 4040x 40 parallelepi- K show a well ordered single phade?; structure with a
peds, resulting in 4531 independénpoints in an irreducible  small tetragonal distortiora=6.185 A andc=6.076 A, and
wedge, and the energy eigenvalues and eigenfunctions wegerather large mean-grain size of 80—90 (see Figs. 1 and
obtained to calculate the DOS curves and the optical2, and Table). It should be noted that th@11) superstruc-
conductivity(OC) spectra. A detailed explanation for the OC tural diffraction line ofL2, phase was observed only in the
calculation can be found elsewhére. XRD spectra of bulk sample and the film deposited at 730 K.

The calculated OC spectra were broadened using a Adecrease in the substrate temperature from 730 to 660 K
Lorentzian function with a lifetime of 0.3 eV. The broaden- and then down to 545 K still preserves the crystalline struc-
ing simulates the effects of the imaginary part of theture (see Figs. 1 and)2 However, main diffraction lines
quasiparticle self-energy and the instrumental resolutionbecome wider(see Table), and a few additionalin com-
Since the calculated spectra after broadening have similgrarison with theL 2, phasg diffraction lines marked by;
shapes to the measured ones but the energy positions afdd; have appearetsee Fig. 1L The newc; andd; peaks
the strong features are different, we applied the real part ofan be attributed to th@01) peak of NpIn or the(310 peak
the self-energy correctiotso-called\ fitting®®) to match the  of Mngln, while other peaks may be related to the formation
energy positions of the strong features of the experimentadf B2 structure[c, and d, to the (321), c; and d; to the
and theoretical spectra. The detailed explanation ofxhe (410 or (223, and c, to the (141 or (303 diffraction

A. Structural and magnetic properties

fitting and fitting procedures can be found elsewh&r8All  peaks. The peaks, andd, may also be originated from the
the calculations were done for the perfectly ordete?) (112 peak of NjpIn. This is also accompanied by a notice-
structure. able reduction in mean-grain size of the filifsee Table |
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FIG. 2. TEM results for the NMnin alloy films deposited onto  alloy. Inset in pane(a) shows an extended view gf(T).

NaCl substrates dg) 150 K, (b) 545 K, and(c) 730 K.

be found in theAL/L dependence, while the magnetic trans-
and Fig. 2. Finally, the quenching deposition onto substratesformation nearT is clearly seerisee Fig. &)].
cooled by liquid nitrogen leads to the formation of highly = The most ordered NMnIn alloy film definitely exhibits
disordered alloy films with only a smeared halo in the TEMthe ferromagnetic behavior withc=330 K (see Fig. 4 and
diffraction patterns and the mean-grain size, if any, less thagxhibits the largesfamong the prepared filmseffective
resolution threshold of the used TEM technigsee Fig. 2 ~ magnetization[47M (293 K)=1790 G (see Table )l
The XRD spectrum of the highly disordered alloy films ex- Unlike the results of Xieet al** and Donget al,** T for the
hibits only a wide and weak peak around tt#20-peak L2 ordered films is even slightly higher than that for the
position [see the spectrurte) of Fig. 1]. An annealing of bulk alloy (see Table)l The effective magnetization of the
such films with a rate of 3 K/min causes a rapid decrease ilNiz2MnIn alloy films is reduced noticeably updn2,—B2
their resistance near 620 (ot shown. Such a behavior is structural disordering773 and 247 G for films deposited
more typical for the crystallization of an amorphous film ONt0 Substrates at 660 and 545 K, respectivelyd falls

than for the recrystallization of a fine-grained polycrystallinedown to zero for amorphous films. However, an annealing of

film. Thus, one can conclude that vapor-quenching deposit-he amorphous NMnin alloy films at 750 K fe 2 h leads to

tion onto substrates cooled by liquid nitrogen leads to théhe'r crystallization with the fprmatlon_ B2 type of order
. . . and restores the ferromagnetic behavior Wit 325 K and
formation of an amorphous structure in the,Mnin alloy

) . . : A7M ¢ (293 K)=743 G (see Figs. 4 and)5FC curves for
films. In situ annealing o_f the amorphom_Js films at 750 K for both crystalline samples show nearly the same behavior and
2 h recovers the crystalline structure witiBa type of order

[see Fig. 1f)]. However, in addition to the lines &2 phase

[i.e., tof,—(410 or 223 andfs—(124 or 142] new diffrac- H = 100 Oe
tion lines of f,—f5 are clearly seen. They may be attributed _
to Mn oxides: f;—(111)) MnO, f,—(222) MnO,, and % 3 P
f3—(003) MnO,. :El —s——a—Sample 5
Magnetic measurements revealed @ of 317 K for the g | TR Sameled
bulk alloy. This is very close to the literature dd&ee Fig. g
3). Near 200 K a weak peculiarity in the(T) curve is ob- 2 1
viously observedsee the inset of Fig.(8)]. It is well known §
that the stoichiometric NMnGa exhibits a martensitic trans- = .

formation atT~202 K from tetragonal to cubic phase upon
warming® This transformation is also accompanied by the
changes in the saturation magnetization of the dftayhere-
fore, it may be assumed that in our case the observed pecu- FIG. 4. Normalized with respect of film thickness ZR@pen
liarity at 200 K has the same origin. However, no evidencesymbolg and FC(solid symbol$ in-plane magnetization curves for
for the phase transformation near this temperature region cahe Nip,Mnln alloy films.

100 200 300
Temperature (K)
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indicate larger magnetization fdr2,-type ordered films, . . . .
while ZFC curves look noticeably different: the steeper de- 0 1 2 3 4 5
crease in magnetization for the sample 5 below 300 K is Photon energy (eV)
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L . . . . calculated(right scale, solid, and dashed curyvestical conductiv-

magnetization flleld for the crystalline films is above 4000 Oeny and (b) experimentals; spectra of as-polished and annealed at
(see Flg'. 5, while FC M(T) curves were taken by SQQID 720 K for 3 h bulk NyMnin alloy.
only at field of 100 Oe. This might be responsible for differ-
ent ratios of magnetization for tHe?,-andB2-type ordered )
Ni,Mnin crystalline films obtained from FMR and SQUID Which are located at 3.5 and 4.0 eV. How<1 eV energy
measurements. The amorphous films show a very small magange a rapid growth of as well as an increase in absolute
netization nearly independent df for both ZFC and FC Vvalue of the real part of the diagonal components of B,
measurements. Such a behavior may be attributed to Payfp€ing negativewith decrease in photon energy is observed.
paramagnetism. A similar behavior was also observed fopUch a behavior is a typical manifestation of the predomi-
amorphous NiMnGa films!2 nance of the intraband absorption in this energy range. The

The first-principles calculation of the magnetic momentOC spectrum of the as-polished bulk sample looks similar to
for the Ni,MnIn alloy made for experimentally determined that of the annealed one, but the interband-absorption peaks
values of lattice parameters of our bulk ang,-type ordered ~ are somewhat broadened and the magnitude of the OC as a
film samples revealed 4.294 and 4.369(~3.67ug/Mn whole in thefw<2.5 eV energy region is enhanced, prob-

and~0.34u5/Ni), respectively. Since the measurement wasaPly owing to the enhanced scattering rate in the damaged
done at RT and the applied field was not strong enough tfyer of mechanically polished surface. The of the as-
saturate the sample, these values are significantly larger th&plished sample in the near-infrar@diR) region, still being
the magnetic moment (3.5%) converted from 4M .4 in negative, is significantly decrea_sed in th_e absoluFe_vagl;e.
Table I. However, these values are very close to the other 1he calculated OC spectra with and without tétting™
experimental magnetic moment (4,34 for bulk Ni,MnIn &€ also shown in Fig. 6. .The elgctronlc—structurg cal_culanon
alloy with a lattice constant of 6.075 Ataken at 4.2 K andWwas done for the theoretical Iatpce constant, which is 6.092
magnetic field of 18 kO&? The calculated magnetic moment A and very close to the experimental valabout 0.26%
in the film appeared to be larger than the moment in bulk byl2rger than the experimental oneletermined by minimizing
about 1.0%. Probably, the sarfiee., exchange splitting re- the total energy with respect to thg Iamce constant. In the
lated mechanism is also responsiblat least partially or calculated spectra the Drude contribution was not included.
indirectly) for the increase by about 3—4 % of the experimen-1N€ broadened spectrum has a shoulder &t7 eV, a peak
tally determined values of . for the ordered films in com- &t~2.6 €V and another shoulder &t3.5 eV. The shoulder
parison with that of ordered bulk sample. at ~.1.7 eV corresponds to the peak-atl.7 eV in the ex-
perimental spectrum, the peak-aR.6 eV to the experimen-
tal 3 eV peak and the shouldera3.5 eV to the experimen-
tal 3.5 and 4.0 eV shoulders. Although the lowest-energy
The results of the optical study for bulk Miinin alloy are  feature is well reproduced in the calculation, the calculated
displayed in Fig. 6. It is seen that the measured optical propspectrum has the interband-absorption features at slightly
erties of bulk alloy are rather sensitive to the quality of thelower-energy positions than the experiment. Therefore, we
sample surface. The Ofr(w) = we,(w)/4m, wheres, is  applied the\ fitting®® with A=0.1, the agreement between
the imaginary part of the diagonal components of|Bpec- the experiment and calculation was much improved, espe-
trum for the annealed bulk sample exhibits two interband-cially in the high-energy region.
absorption peaks located at 1.7 and 3.0 eV. The 3.0 eV peak We further analyzed the characteristics of bands involved
has also peculiaritiegsshoulders on its high-energy slope, in each strong interband absorption. The most intense contri-

B. Optical and magneto-optical properties of alloy
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-6.0
<10

-80 loys were rather similar to each other and showed several
interband-absorption peaks in the 0—7 eV energy range. The
experimental OC spectrum for bulk MinSn alloy in the
0.5-4.0 eV energy randkis in a reasonable agreement with
theory and also looks rather similar to the OC spectrum of
FIG. 7. Energy-bandminority) structure of the NiMnIn alloy ~ annealed bulk NMnIn sample, exhibiting two interband-
along the high-symmetry lines. Intense optical transitions are indiabsorption peaks at 1.7 and 3.3 eV.
cated by arrows. Figure 8 shows ther(w) and e¢4(w) spectra for the
Ni,Mnin films with different degrees of structural order. It is
butions to the 1.7 eV shoulder are the optical transitions fronseen that thé.2,-type ordered alloy film has the OC spec-
the 10th minority band to the 14th minority band in the mid- trum rather similar to that of annealed bulk all®ee Figs. 6
way of theI'-X line and the 14th minority band to the 18th and §. However, the locations of both the interband-
minority band near theX-W-K plane. These optical transi- absorption peaks are blue shifted by about 0.2ied/, to 1.9
tions are indicated in Fig. 7 by arrows. The 10th and 14thand 3.2 eV, see also Table Hnd the low-energy peak is less
bands have mostly the Nid3character with a small amount manifested than that in the OC spectrum of annealed bulk
of sp characters intermixed and the 18th band has mainly thelloy. This blue shift cannot be explained by the increase in
Mn 3d with a considerable amount of the Nd3Xharacter. lattice constant of the ordered film in comparison with that of
The most intense contributions to the 3.0 eV peak are théulk sample, since a lattice expansion or tetragonal distortion
optical transitions from the 10th minority band to the 18thpushedat least in certain directions of the reciprocal space
minority band near th&X-W-K plane and. point. The most the energy bands abovéelow) Ep toward the lower-
intense contributions to the 3.5 eV shoulder are the opticalhigher) energy regiorf® As a consequence, the enlarged
transitions from the 7th minority band to the 18th minority lattice constant should lead to the red shift, rather than blue
band near th&X-W-K plane. The 7th band has mostly the Ni shift, of features in the OC spectrum. Furthermore, all the
3d and Mn 3 characters with a small amount pfcharac- investigated crystalline NMnIn alloy films have practically
ters intermixed and the 20th band has mainly the Mh 3 the same lattice parametésee Table)l Therefore, the pos-
character. Since all the bands involved in the aforementionesiible reason of peak shift, which is related to the differences
transitions are mostlyg character, the dipole transitions are in lattice parameter, can safely be excluded from the consid-
not so strong. However, both the initial and final bands areeration for the film samples.
very flat. Therefore, we can conclude that the joint-DOS ef- The structural disorderindor, in other words, the de-
fects are responsible for these transitions. Since the majorityerease in the substrate temperature 730—548dkises a red
spin DOS is very small in the 0—4 eV range abdye the  shift of both interband-absorption peaks in the OC spectra
majority-spin bands contribute little to the optical transitionsand reduces the intensity of the low-energy one. A further
in the measured energy range. increase in the structural disorderifige., to the amorphous
Similar results of the agreement between experiments ansample results in a further red shift of the high-energy peak
calculations were observed for other HA. The optical prop-by 0.6 eV (in comparison with the peak position in the OC
erties of several true ferromagnetic HA containing MnYon spectrum of the most-ordered film sampknd disappear-
sites were theoretically examined by Kutenal?®2?° and  ance of the low-energy absorption peake Fig. 8 and Table
studied experimentally by Kirillovat al! It was shown that 1I). At the same time, the overall magnitude of OC in the
the OC spectra for GMnAl, Pd,MnSn, and NjMnSn al-  NIR region becomes even greater than those of the ordered

-9.0

-10.0

w L A r A X Z W K
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TABLE II. Position of the low-(LEP) and high-energy peak@4EP) in the OC, EKE, ance (i w)?
spectra; plasma and effective relaxation frequencies for th&Nn films deposited onto substrates at
different temperatures.

oc EKE e5(hw)?
Te LEP HEP LEP HEP LEP HEP 02 y
(K) (eV) (eV) (eV) (eV) (eV) (eV) (102 s72) (104 s
150 2.60 0.23 10.6
545 1.60 2.80
660 1.86 3.18 1.63 2.92 1.47 2.79
730 1.90 3.20 1.63 2.98 1.48 2.76 0.22 2.2
Bulk 1.62 3.02 1.58 2.83 1.42 2.56

states probably because of the enhanced scattering rate Bhie linear part of the experimental 14%,) vs w? plots is
charge carriers. It is clear that the observed HEP shift is ndinterpreted as the region of free-electron absorption. (ke
related with the changes in lattice constants. and y were determined for the most ordered and disordered

It is well known that the main source of the magnetic states by least-square fitting of the 14%,) vs »? plots. It
moment in the ordered ferromagnetic Mn-containing HA is\yas found tha2 (Q2=47NeXm*, whereN andm* are

from the Mn atoms, and that the contribution from y,o charge carrier concentration and the effective mass, re-

X—tt(ansition n;etal issrela;cil\\;lely Sg‘%”é Ou/chal?\lIJIatI?qbrlnag'spectively is practically unchanged upon the structural dis-
netic moments are 3.¢ig/Mn and 0.3%g/Fe. Negligibly ordering, whiley increases nearly five timgsee Table I\

small amounts of magnetization were found in the interstitial_, - N : "
region and Ga atom. The lack of ferromagnetic order in théThIS means that the DOS Bt andm?* are insensitive to the

amorphous state of B¥nin alloy indicates the lack of ex- structural disordering, but the scattering processes are en-
change interaction among the Mn atoms and hence a redi§2nced- The validity of obtained results was proven by the
tribution in the DOS of the Mn atoms, in comparison with Simulation of thee;(w) spectra with the determinedp and
that of the ferromagnetic state, has taken pldde. Fig. 7, ¥ s input parametersee inset in Fig. B _
the Mn 3d minority bands located at 1.4 eV aboveEr are Comparing the OC spectra of the as-polished and an-
the final states for the low-energy and high-energy interband2€aled bulk samples as well as the disordered and ordered
absorption peaks. Thus, from this point of view, a noticeabldim samples, a question may occithy the OC as a whole
change in both peaks due to structural disordeforgmore  IN the NIR region for as-polished bulk or amorphous film is
definitely due to lack of exchange splittingnight also be larger than those for annealed bullg and crystalline film
expected. Furthermore, it is clear tt&t will also be some- SamplesZwo factors may be responsible for the OC spectra
how shifted in order to maintain the electron concentratiofenhancement in the NIR region. First, the broadening of
invariant. The initial states for the low-energy peak are lo-INtérband-absorption peaks for the as-polished or amorphous
cated at either-0.2 eV (near theX-W-K plane or ~1.2 eV phases is responsible for the weakened peaks and enhanced
(near theL point) below Ex. Thus, the experimentally ob- background or plateau for the rest part of the spectrum. Sec-
served weakening of the low-energy peak and the red shift g?hd, the increase in scattering processes on the defects of the
the high-energy peak in the OC spectrum of the disorderegufface layers leads to the enhanced OC in the NIR region.
(nonmagnetig Ni,Mnin alloy can be explained by emptying This process finds its manifestation in an increase of the
the Ni 3d minority bands near th&-W-K plane and by effective relaxation frequency and, hence, in a larger con-
changes in Mn @ minority bands, which are located at tribution to the resultant OC in the visible region from the
~1.4 eV aboveE, for the ordered case. tail of the Drude term. _ _

It is seen that below 1 eV the, (w) ando(w) spectra for The EKE spectra for the most orderedz_MnIn alloy film _
all the investigated samples look Drude-like. Frequency de{Ts= 730 K) ‘and the bulk sample manifest two negative
pendence o, in the region of intraband absorption may be peaks and a narrow intense positive peak in the NIR region

expressed as (see Fig. 9. These peaks in the EKE spectra are located at
somewhat smaller energies than interband-absorption peaks
02 in the corresponding OC spectfaee Table . A similar
g1=1— ———-, regularity in the OC spectra is also observed in the relative
(0™+ %) positions of peaks in the EKE spectra for the bulk sample

whereQp andy are plasma and effective relaxation frequen-a”d the most ordere.d f_ilm. The origin of this shift is probably
cies of free charge carriers. After a simple transformation thidh€ Same as the shift in the OC spectra, and relevant to the

dependence might be presented as deviation from stoichiometry in the film samples. The struc-
tural disordering to thB2 type leads to a very rapid de-
1 ¥ 1 crease in the magnitude of the MO effect, and the EKE for
e -2 + =X w?. amorphous NiMnIn alloy films was not detected at all. The
(1-e1) 0F 0f EKE spectrum of the crystalline Mnin alloy films with
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—a—T, =150 K +ann. at 750 K/2hrs 02 Absolarﬁ:'ve“ parts
- .£ [ —=— Bulk alloy
04 =T, =730K —o—film, T =660 K
bulk sample O film, T =730 K
s o1} o fittsd
0.0 o T N iy Fooes N" - calc.- 1
- @@,@WKF rvvs =
‘= \ A X 00
T -04 ? \59 o
——T,=150K ) S
——T,=545K é -0.1 1 I 1 1 1 1
0.8F —v—T =660K ! Dispersive parts
. 32 . ~0.15} ' b)
1 2 3 4 3
Photon energy (eV) ?0.10 I
% I
FIG. 9. Experimental EKE spectra for the ,Ninin alloy bulk ',,,—0'05
and film samples deposited at 150, 545, 660, and 730 K taken at 0.00

¢=75° andT=293 K.

10 15 20 25 30 35 40
B2-type order(which were formed by an annealing of the Photon energy (eV)
amorphous filmpalso exhibits a negative double-peak struc- . , ) . . ,
ture, although its intensity is rather small. Figure 10 shows_ ;'G'Z 11. (ta) Aftizorptflfvg_[szx(lhw) ] and (tb) ?'?ﬁerg'l\:’i[slb K
the substrate-temperature dependence of thibl4:, — &, an(d Ifoz) Elgr?(; ézo-ty ggrée'rae%ogﬁnszrp&?\;ﬁ?‘saﬁo eBroadgr:edu
ando for Ni;Mnln alloy films. — 5, and o are the values at : P y.

. . . ) .and \-fitted spectrum(calculated is also shown(scaling factor
the energies corresponding to the high-energy maximum r1:1/20)_
EKE spectra. It can be concluded that the magnitude of
MO response of the films is determined mainly by their
magnetization, and for the determination of the EKElated spectrum after broadening anditting with A =0.10 is
value the 0ptica| constants may p|ay some r0|e' but noﬂlso included in F|g 11. As can be seen in F|g 11, the cal-
significant. These arguments are based on the fact that tiféllated spectrum could excellently reproduce the experimen-
optical constants are rather insensitive to the substrate terf@l spectrum, except for the magnitude. Similar arguments
perature and the Substrate_temperature dependence of tg.%/en in the discussion of the calculated OC SpeCtrUm can be
EKE value at the high-energy maximum exactly follows the@pplied to the case of the calculated off-diagonal component
corresponding dependence of the effective magnetizatioff OC tensor.
(see Fig. 10

The off-diagonal components of DF for the bulk and the

most crystalline film were calculated by using the results of V. SUMMARY
EKE measurements at two angles of incidence and experi-
mentally determined optical constants of the correspondingur
bulk and film samples. The spectra of absorptive part of th‘?‘ic
off-diagonal components also show a negative double-pea{ﬁ
structure(see Fig. 11 The locations of these peaks are red
shifted by about 0.4 eV in comparison with those in the Occonductivity tensor were also calculated by USIVGEN2K

spectra of the corresponding crystalline samples. The Ca|CLé-Ode and the agreement between experiments and calcula-

The ordered NiMnin films with a T close to the litera-
e data for the ordered stoichiometric bulk alloy were fab-
ated. The diagonal and off-diagonal components of DF for
e crystalline NiMnIn alloy were experimentally deter-
mined. Both diagonal and off-diagonal spectra of the optical-

tions was reasonable after the so-calleditting. The most

2000 60 intense optical transitions occur between the minority-spin
{50 bands with mostly Ni and/or Mndcharacters and the joint-
5 1600 density-of-states effects are responsible for these transitions.
= Ja0 The changes in the electronic structure in,Minin alloy
5: 1200+ P caused by the structural disordering were elucidated on the
< {30 & basis of the results of the experimental and theoretical optical
o> 800 < and MO studies. It was shown that the structural transforma-
‘© 120 ° tions, L2,—B2 and thenB2— amorphous state, lead, at
J& 4001 first, to a decrease and then to disappearance of the ferro-
' 1'° magnetic order. The changes in the electron-energy structure
N of alloy near the Fermi level caused by atomic disordering

200 200 300 400 500 600 700 808 also destroy(or make worsg the band matching of the
Ni,MnIn alloy to, for example, InAs layer. Both these factors
make worse the figure of merit of pWnIn alloy layers as

FIG. 10. The substrate-temperature dependence of the effectiv@pin injector. An annealing at 750 Krf@ h of theamorphous
magnetization, the EKE and OC values at the energies corresponiilms restores thé2-type crystalline structure and recovers
ing to the high-energy maximum in EKE spectra. the ferromagnetic order.

Temperature (°C)
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