PHYSICAL REVIEW B VOLUME 60, NUMBER 11 15 SEPTEMBER 1999-I

Influence of structural disorder on the magnetic, optical, and transport properties
of B-phase C@ 5olig 50 alloy films

Y. P. Lee and K. W. Kim
Department of Physics, Sunmoon University, 100 Galsan-Ri, Tangjeong-Myeon, Asan, Choongnam, 336-840 Korea

J. Y. Rhee
Department of Physics, Hoseo University, Asan, Choongnam, 336-795 Korea

Y. V. Kudryavtsev and V. V. Nemoshkalenko
Institute of Metal Physics, National Academy of Sciences of Ukraine, 36 Vernadsky Street, 252680, Kiev-142, Ukraine
(Received 5 November 1998

The influence of the structural disorder on the magnetic, optical, and transport properties of tHE $s0
alloy films has been investigated. The disordered state in the alloy films was obtained by vapor-quenching
deposition onto substrates cooled by liquid nitrogen. The transport properties of the ordered and disordered
alloy films have been measured in a temperature range of 4.2—300 K. The optical properties were measured by
spectroscopic ellipsometry at 293 K in an energy range of 0.5—-4.7 eV. The experimental optical data of the
ordered CoTi compound were compared with the resultbdhitio calculations made by using the linearized-
augmented plane-wave method with the local-density approximation, and explained in terms of the electronic
energy band structure. An excellent agreement between the experimental and calculated optical conductivity
spectra of the ordered compound was achieved by the inclusion of the quasiparticle self-energy correction. It
was shown that the disordered state in the £big 50 alloy film is ferromagnetically ordered at 100 K. The
changes in the electronic structure of the,Gfi 5o alloy caused by the order-disorder structural transforma-
tion are explained on the analyses of the measured optical and resistivity $2i#$3-18209)00735-3

I. INTRODUCTION near the Fermi level and that the optical properties of metals
depend strongly on their EES, which are correlated with the
The electronic structures, physical properties, and thermaitomic and magnetic ordering.
stability of 3d transition-metal compounds in connection There are only a few publications devoted to the experi-
with peculiarities of their crystalline structures have been amental study of the optical properties of the bulk-ordered
focus of many investigations during recent years. equiatomic CoTi alloy.” All the measured optical conduc-
B-phase Co-Ti alloys have a CsCl-typ@8J) crystal tivity (OC) spectra showed a close resemblance to each other
structure that exists at 873 K in a Ti concentration range ofbove 1.5 eV, but some problems with the experimental
49.5-54.2 at.% and that is stable up to the melting poinstudy of the optical properties of CoTi compound still exist
(1508 K).! In the perfectly ordered equiatomic CoTi alloy in the low energy region. The measured OC spectrum for the
the Co and Ti atoms form interpenetrating primitive cubicordered CoTi allo§ does not reveal an absorption peak in the
lattices where each Co atom has eight Ti atoms as the nearg®ar infrared(IR) region as predicted by the theoretical
neighbor and vice versa. Because of the significant chargealculation’ According to Sasovska§he low-energy quan-
transfer from Ti to Co, in other words, the significant ionic tum absorptions were observed for Ti(Ee;_,) pseudo-
contribution to the metallic bonding this alloy is very stable binary alloys &=0.3, 0.5, and 0.8in an energy range of
in a wide-temperature range. The nature of the high stability).2—0.6 eV, but absent for CoTi compound. Sasovskaya at-
of CoTi compound has been discussed in Ref. 2 in terms offibuted the emergence of this peak in these pseudobinary
band filling. The magnetic measurements and the spinalloys to the interband transitions between virtual bound
polarized linear-muffin-tin-orbitaLMTO) calculation of the  states, which result from the antistructure Fe atd(ffe-
ordered CoTi alloy have shown that this compound is paraASA), the Fe-atoms at the Ti sites. Thus, additional experi-
magnetic with no magnetic moment of the Co atoffigt is ~ mental study of the optical properties even for the ordered
also supposed that such a magnetic behavior of CoTi comcoTi compound mainly in the near IR region seems to be
pound is arisen from the specific local environmént. desirable.
In contrast to the ordered state of CoTi alloy, the Co and An unambiguous interpretation of the experimental opti-
Ti atoms can randomly occupy the sites of bce lattice in thecal spectra requireab initio calculations of the electronic
disordered state. It should be expected that this change ®tructures of the substance. The aim of the theoretical analy-
symmetry and basis of the unit cell itself will lead to drastic Sis is to assign the experimentally observed spectral features
changes in electronic energy structu(@ES and physical to specific electronic excitations in the Brillouin zo(®Z).
properties of this alloy. The electronic structure and some physical properties of
It is well known that optical spectroscopy is a rather sen-B2-phase CoTi have been calculated several ties!?
sitive tool for studying the EES in the region of a few eV Among all these publications the calculated optical proper-
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ties were presented only in Refs. 7 and 10. In contrast tevater-cooled Cu hearth. In order to obtain the volume homo-
Yegorushkin and Fedyanovd,Rhee et al’” included the geneity the ingot was remelted twice and then annealed at
dipole-transition-matrix elements, which are very important1300 K for 6 h. Any weight loss after the repeated melting
for the accurate calculation of the OC spectrum. In Ref. 7 itand heat treatment was not observed.
was also shown that the agreement between the measuredAs aforementioned, the ordered state of CoTi alloy is very
and calculated spectra was markedly improved by the inclustable, and all our preliminary attempts to obtain bulk alloy
sion of the quasiparticle self-energy corrections. The knowlin the disordered state by quenching from high temperatures
edge of the nature of the absorption peaks in the OC spectizad no success. Therefore, in order to prepare the disordered
of the ordered compounds opens the perspectives for the eatloy, the advantages of thin film technology were employed.
perimental study of the peculiarities in the EES of the disor- Caq, 5qTig 50 alloy films with a total thickness of about 100
dered alloys by tracing the gradual reconstruction of the abam and of 1< 30 mm in dimensions were prepared by flash
sorption peaks caused by the structural disordering. To thevaporation of the crushed alloy powders of 80—10@ in
best of our knowledge the optical properties of the disordiameter simultaneously onto glass, and single-crystalline Si
dered equiatomic CoTi alloy have not been investigated yetand NaCl substrates in high vacuum conditions better than
The theoretical calculations of the density of std2©S)  5x107° Pa. The thin film samples deposited onto glass and
and the magnetic moment for the disordered Co(JAl,)  Si substrates were mainly used for the measurements of the
alloys with 0<x<1 was performed by the tight-binding optical, transport, and magnetic properties, while the films
LMTO method within the coherent-potential approximatfon. deposited onto NaCl substrates were used for the structural
It was shown that for the equiatomic CoTi alloy in the dis- study.
ordered state the magnetic moment of the Co atoms is equal The deposition rate was about 2 nm/s. Such a high depo-
to zero. This theoretical prediction agrees with the results o§ition rate was chosen to reduce the volume contamination
an experimental study by Enda al® On the other hand, we and oxidation of the films. An equilibrium orderggl phase
suspect whether the significantly disordered state in bulkn these films was reached by the deposition onto heated
CoTi alloy was obtained or not because of the high thermaubstrates up to 730 Kstate 1.
stability of this compound. In order to obtain a disordered state in the film, a vapor-
It is well known that thin-film technology allows us to quenching-deposition technique was employed, where a
prepare metals and alloys in various metastable states, whiglhaos of gas phase is condensed onto substrates cooled down
sometimes cannot be obtained in bulk materials. Therefore, tb 150 K by liquid nitrogen(state 2. All the films prepared
seems to us very attractive to apply thin-film technology inat 150 K were cut into two parts and one set of halves was
obtaining CoTi alloy in the disordered state for the purposeput into a vacuum chamber and annealed at 730 K for 45 min
of studying the various physical properties of the disorderedn a high vacuum of X 10 ° Pa(state 3.
CoTi alloy. It can be expected that the significant structural X-ray fluorescence of the prepared samples confirmed
disorder and the arbitrary occupation of the sites of bcc lattheir equiatomic composition. Structural analysis of the films
tice by the Co and Ti atoms change the local environmenivas performed by using transmission electron microscopy
and create a chance of appearance of single Co-ASA or thefTEM).
clusters in CoTi alloy and, hence, cause some changes in the The optical constant@he real and imaginary parts of the

magnetic state of alloy. complex refractive indexN=n—ik) of the samples were
Taking into account a steep energy dependence of thgeasured by the polarimetric Beattie techniquat room
DOS of CoTi compound near the Fermi level, it is also eX-temperaturdRT) in a spectral range of 265—2500 r{gh7—
pected that an influence of the structural disorder in Co-Tjy g eV) at a fixed incidence angle of 73°. The obtained val-
alloy on the transport properties is significant. We have alyeg oy andk were used for calculation of the real,) and
ready investigated various physical properties of th&maginary ¢,) parts of the diagonal components of the com-
B2-phase Co-Al alloyS™'3and Fe-Al alloy$*™*® and ob- lex dielectric tensor du—3vw—5,,—e1—is,), and OC
served some significant changes in physical propertie_s up %) using the approprxigtesyey:xpsrézssii%s i2n’2_k2 -
the order-disorder structural transformation. We attribute LNk an% 7 o) = £/ here o is tﬁe an ule;r frze—
those changes to the formation of transition metal ASA, re—; Lency of tﬁé ir?c)i(;esnzta;:)hgovr\: @ 9
sulting in a formation of magnetic clusters, and to the sub- They resistivit measuremeﬁts were carried out by using
stantial increase of localized states near the Fermi level. Tﬁ1 f b ty hni in a temperature ran f4.9-300
the best of our knowledge, the effect of the structural disor- € ‘our-probe technique in a temperature range ot 2.

der on the resistivity of CoTi alloy has not been investigateoK' Ma_gnetlg propertle_s of .the ordered .and d|§ord§ered
yet, either Coys0Tigs0 films were investigated by using a vibrating

Thus, the purpose of this paper is to obtain the equiatomi ample magnetometévSM) at 100 K and room tempera-

CoTi alloy in the disordered state and to study experimen-ure (RT) in the parallel(to the film surfacg configuration.
tally the influence of the structural order-disorder transfor-

mation on various physical properties, aiming the analysis of lll. RESULTS AND DISCUSSION

changes in the EES of alloy resulted from such a structural

. TEM pattern for the film deposited onto the substrate at
transformation.

730 K exhibits a mixture of diffraction rings typical for bcc
lattice and a series of additional superstructure rings, which
are attributed to the reflections from ti&00), (111), and
B-phase Cgsolig 5o alloy was prepared by melting Co (210 atomic planes. The mean grain size is about 50 nm.
and Ti pieces of 99.99% purity in an arc furnace with aThis result shows that a stable phase of the superlattice with

II. EXPERIMENTAL PROCEDURE
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FIG. 2. Experimental spectra of the real: (open symbolsand
imaginary : solid symbol$ parts of the complex refractive index
for Coy 50T 50 alloy films deposited at 150 Kcircles, deposited at
150 K and annealed at 730 K for 45 migiamond$, and deposited
at 730 K(triangles.

netic behavior of the Ggligsg alloy films allows us to
draw a deduction that the local environment plays a very
important role in determining the magnetic properties.

The experimentaln and k, o, and e; spectra of the
Coy 50Tig 50 @lloy films with differents are shown in Figs. 2,

3, and 4, respectively.

The optical constanta andk of the ordered Cgsolig 50
alloy films increase continuously with decreasing photon en-
ergy, except a region of anomalous dispersion, which is lo-
cated between 0.7—-2 eV. Such a behavion ahdk reflects

FIG. 1. Experimental magnetization loops for the disorderedthe existence of an interband absorption in this spectral re-

Coy 50T 50 alloy films at(a) 300 K and(b) 100 K, respectively.

a high degree of long-range ordey)(is formed at our depo-
sition conditions, even though, of the state(state 1 can
not be estimated quantitatively.

gion. The decrease in long-range order of the, £ 50
alloy films leads to a decrease of the spectral interval rel-
evant to the anomalous dispersion of the optical constants.
For the completely disordered g€Tigso alloy films this
region is not observed.

The o curves for all the investigated Geyligsg alloy

A decrease in substrate temperature to 150 K leads to thf‘ﬁ
formation of a considerably disordered polycrystalline alloy
films without any visible superstructure ringstate 2,7,
~0) and the mean grain size is less than 5 nm. An annealing
of these disordered films at 730 K for 45 min caused a re-
covery of the structural rings and an appearance of weak
(tiny) superstructural diffraction rings typical for thB2
structure. However, comparing with the ordered films, the
intensity ratio of the superstructural diffraction rings to the
structural ones is lower. Therefore, it is clear thgtin such
a film (state 3 is smaller thany,. Thus, it can be concluded
that such a deposition technique and additional heat treat-
ment allow us to prepare a set of GGglig 5o alloy films with
various degrees of long-range ordef~ 1> 53> 7,~0.

According to the results of the magnetization study using
VSM, the ordered CgsoTig 50 alloy films are not ferromag-
netically ordered at least above 100 K. The disordered state
in the Cq 50T 50 alloy films is neither ferromagnetically or-
dered at 300 K, but a decrease in measurement temperature

ms have a strong absorption peak in the visible region of
spectra, labeled by, and two shoulders on the low- and

Photon energy (eV)

down to 100 K leads to the appearance of a small magnetic FiG. 3.

moment(see Fig. 1 Unfortunately, owing to a difficulty in

Experimental optical conductivity spectra for
Coy 50T g 50alloy films deposited at 150 kKeircles, deposited at 150

the precise measurement of the film thickness we could nat and annealed at 730 K for 45 midiamond$, and deposited at
determine the magnetic moment quantitatively. Such a magz30 K (triangles.



8070 LEE, KIM, RHEE, KUDRYAVTSEV, AND NEMOSHKALENKO PRB 60

80
70
.~ 60
K
- Q 50
W ~
© 40
30
25k . . . 20
1 ) 3 4 0 1 2 3 4 5 6
Photon energy (eV) Photon energy (eV)
FIG. 4. Experimentak, spectra for CgsgTig 5o alloy films de- FIG. 5. The calculatetbroadeneflOC spectra of th®2-phase
posited at 150 Kcircles, deposited at 150 K and annealed at 730 COTi, with (short-dash and without(dash self-energy correction
K for 45 min (diamonds, and deposited at 730 Kriangles. together with the experimental OC spectra for the bulk ordered

samples from Refs. &olid) and 7(circles. Note that the zero of
high-energy sides of the main peak; featudeendC, respec- OC is supressed.
tively. For the ordered Ggyolig 5o alloy films the peak#\,,

Bla and Cl are Clearly exhibited and 'their maxima are lo- Compound can be found eisewhéﬁéhe |0W_energy peaA
cated at 06, 20, and 3.1 eV, respecuVEIy. In contrast to thgndergoes the most Significant Changes upon the order-
OC spectrum, the experimentaj spectrum of the ordered disorder transformation as seen in Fig. 3. This peak arises
film reveals no prominent features, intersecting the zero lingrom the electronic excitations from the sixth to the seventh
twice at 0.98 and 1.82 eV and reaching its maximum at 1.3Gand or from the seventh to the eighth band in the vicinity of
eV. Below 0.98 eVe, is negative and increases in absolutepoint M and in theX-M-R plane(see Fig. 6. The occupied
value with decreasing photon energy. This indicates a sighands have mainly the Gt character with a significant ad-
nificant contribution to the optical absorption from free car-mixture of the Tid character and the unoccupied bands have
riers. a mixture of thep and d characters of both atoms. Very
The overall shape of the measured OC spectrum of thetrong transitions from the seventh band to the ninth band
ordered sample is in a good agreement with the experimentajso exist along th&-R line. The occupied band has domi-
data for the bulk ordered GggTigsoalloy,”” as well as with  nantly the Cod character with a small admixture of the i
a calculated OC spectrufriBoth experimental OC spectra of character, while the unoccupied band has mainly thedCo
the bulk samples showed clearly manifested absorptiogharacter with a significant admixture of the dicharacter.
peaks at 2.15 and 3.05 eV in Ref. 5 and also at 2.15 and 3.1Rithough the dipole-transition-matrix element could be quite
eVin Ref. 7. small because of the band characters, the two bands are quite
The calculated optical conductivity spectrum with broad-parallel, resulting in a large joint density of states and, hence,
ening of CoTi compound produces the similar shape to theonsiderable contributions to the OC.
experiment with the peak positions at higher energies than These bands responsible for pealkare placed near the

the measured onegompare the calculated curve without Fermj level, therefore, even an insignificant raising of the
self-energy correction with the experimental curves in Fig.

5). This is quite usual for transition met&isand their inter-
metallic compounds. It is believed to be due to changes in s
the energy of excited states near the Fermi level relative tc

CoTi

(]
)

)

the energy calculated from the ground-state poteffti@his 41 \\/ T

effect motivated the consideration of an approximate self-

energy correction explained in detail elsewhEr8y apply- Y

ing this single-parameter self-energy correction, we were N

able to produce the spectrum with the peaks located at thé ¥ K

same energies as the measured ones. The corrected theore::" L

cal OC spectrum exhibits absorption peaks markedA\py e

B, andC; and located at 0.58, 2.15, and 3.30 eV, respec- %/\ I

tively (see Fig. 5. It should be noted that the locations of the I

high-energy absorption peaks for the ordered CoTi alloy | \

films in Fig. 3 are slightly shifted to the low-energy side in

comparison with the bulk-ordered samples. A possible rea-

son for this shift is discussed below.
The calculated band structure along the high-symmetry FIG. 6. Energy bands for CoTi. The Fermi level is located at

lines for the ordered CoTi alloy is shown in Fig. 6. The zero energy. The electron transitions responsible for absorption
detailed analysis of the band structure for the ordered CoTpeakA are shown by arrows.

r X M r R X M R
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occupied band or lowering of the unoccupied band induced BZB. |
by the order-disorder transformation leads to a disappearance FRRasaasy E
of the occupied or empty states in this energy range, and :
hence, to the vanishing of this absorption peak as in Fig. 3. :

According to Ref. 7 absorption pedk in the calculated E — e

Jm

OC spectrum is related to the electron transitions from bands
4, 5, and 6 to bands 9 and 10 on thieX-M line. The con-
tributions fromk points of the same bands on tReX lineto -7 N !
the formation of theB absorption peak are also significant T
because these bands are almost parallel. The high-energy ab-
sorption peakC is mainly due to the electronic transitions
between bands 4 and 5, and band 1k abints on thd-X-

M line and in the neighborhood. The initial states of these
excitations have mainly the Gbcharacter with an admixture

of the Tid character.

A loss of the translational invariance caused by the order-
disorder structural transformation results in significant
changes in the optical properties of the (GgTip o alloy
films. Absorption peak® andC move to lower energies by ) )
about 0.55 and 0.50 eV, respectively; peAkdoes not FIG. 7. Schematlc Qra\_/vmg of th_e band structure near the BZB
change its location but is nearly vanished as seen in Fig. 30 the orderedthick solid ling and disordereddashed lingstates.
The intensities of the peakexceptA) are not changed sig- The I_:e_arml level is shown by thln_ solid line. The interband electron_
nificantly. transitions for the ordered and disordered states are shov_vn by solid

Remarkable changes in, spectrum are also observed at and dashed arrows, respectlv_ely. The lower part _of the figure pre-

. ] . . sents schematically the locations of the absorption peaks for the
hw<2.0 eV (see Fig. 4 the real part of the dielectric func- ordered E,) and disordered,,) states
tion changes its sign at 1.13 eV from negative to positive one ! 2 '
in case of the disordered film. It is commonly known that, in
metals, the negative value ef in near IR region is caused usually not the case. Therefore, the disappearance of the en-
by the acceleration mechanism of free electrons, while th€rgy gaps near th& point in the disordered state of alloy
positive contribution tas; is usually concerned with the in- leads to different deformations of the involved bands and
terband transition of bound electroffsThus, the observed causes mainly a reduction of the energy difference between
behavior of thes; spectrum for the disordered state of alloy the states involved in the formation of tiBeand C absorp-
allows us to conclude that the structural disorder makes théon peaks. These changes E{k) result in shifts of the
electrons more localized than in the ordered state. peaks to the lower energy side as in Fig. 3. This process is

The influence of the atomic ordering in the diatomic lin- shown schematically in Fig. 7.
ear chains on the EES was investigated by Krivoglaz and The observed changes in the optical properties of the
Smirnov?* A similarity of the formation of a forbidden gap CoTi alloy caused by the structural disorder can also be dis-
caused by the atomic ordering could be presumed for thgyssed partly in terms of the DOS. The calculated DOS
EES of one- and three-dimensional lattices. In case of theyye for CoTi compound exhibits two main peaks; the Co
order-disorder transformation in a CsCl lattice the period oft2 band with a small admixture of the B, band, which
translation is changed only along the diagonals of the cubee)?tends from 4 to 1 eV below the Fern%i level. and the
that is, in the(111) direction in the real space. Therefore, we _;; . '
can expect that the BZ of the orderB@-type structure has srl]lghtly TI. ?9 b?ndhllocated_ffr%m_ ! ?V b(;lovy t%A' ex akl‘bove
new gaps(in comparison with the disordered statiue to the Fermi level. This maniioictis aiso admixe with the Co
the appearance of new BZ boundari@®ZB) which pass ;[jzg char_a(_:ter. The“mentloned Lnamfolds are separated by a
through theX point of the reciprocal space. €€p minimum or pseudogap caused by the fact that the

nearest neighbors of Co in the ordered alloy are the Ti atoms.

A large portion of the electronic transitions responsible o
for the aforementioned peak# (B, andC) are due to the The band-by-band decomposition of pe&ks B, andC,

electronic excitations occurred in the vicinity of thepoint. ~ ©f the calculated OC spectrum allows us to determine the
The transition from the CsCl to the bcc symmetitye order- initial- and final-energy intervals responsible for these peaks
disorder structural transitioleads to a modification of the and we can correspond the experimentally observed absorp-
translational periodicity in thg111) direction in the real tion peaks with electron excitations between the occupied
space and, hence, to the vanishing of the BZB, which pasgnd empty bands. These transitions are indicated in Ref. 7.
through theX point in the BZ for simple cubic. This causes PeaksB; andC, turned to be formed mostly by the interband
some energy gaps at theépoint to disappear, for example, transitions betweem,; and e; manifolds, while absorption
X4-X1 between the first and the second bands;Xs be-  peakA; arises from the electronic transitions within tag
tween the third and the fourth bands, and so on. manifold.

If the deformations of both the occupied and empty bands In case of the arbitrary occupation of the sites of bcc
taking part in the formation of an interband absorption peak|attice (in the disordered statethe Co ions become the near-
caused by the gap vanishing, are the same, the position of tlest neighbors with a higher probability than in the ordered
absorption peak is preserved in the OC spectrum, but this istate. As a result they-t,y splitting becomes smaller and

E(k)
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these manifolds become closer. This leads to the shift of the
interband absorption pealgsandC to the low-energy side.

The suggested explanation in terms of the DOS are fur-
ther supported by the results of the theoretical calculations of
the DOS for the orderédand disorderétdCoTi alloy; the
energy interval between main peaks in the DOS curve for the
disordered state of alloy is smaller than that for the ordered
one. This confirms that the structural disorder in the CoTi
equiatomic alloy reduces the splitting betweep and t,4
manifolds.

However, peakA evolves differently because the bands
participating in the transitions responsible for this peak have
different characteristics from those of ped&sand C. The
initial (occupied and/or final(unoccupieglbands are closely
located to the Fermi levelee Fig. 6 and are not severely
affected by the structural order-disorder transition. There-
fore, peakA is not likely to change its energy position upon
transition. Instead, it may disappear because of the shift of J
the Fermi level itself, which may make the initidinal) state - S
unoccupiedoccupied, prohibiting the optical transitions.

The shift of the interband absorption peaks can be also
caused by a changes in the mean interatomic distance due to -10
the structural disordering. The first-principle calculations of
the optical properties of CoTi compound show that a shift of
the B and C peaks by 0.25 eV to the low-energy side with -15 1 2 3 y
respect to the ordered state can be made by increasing the Phot v
lattice parameter by 3%. This value seems to us too much for oton energy (eV)
such kind of structural transformation, and therefore, the in- £ g, Simulateda OC and(b) ¢, spectra of two-phase sys-
crease in the mean interatomic distari€eny) in the disor-  tem with 30% (dash-dot-ddt and 50% (solid) of the ordered
dered state of alloy is not enough to explain all the observegq, . Ti, 5, phase in the disordered matrix. Circles present the cor-
changes in the optical properties. responding experimental spectra of (Ggliy 50 alloy films depos-

Likewise, we explained qualitatively the experimentally ited at 150 K and annealed at 730 K for 45 min.
observed variations of the optical properties in terms of the
influence of disordering on the width of the “pseudogap”

and the alteration of the Fermi level, and partially the in- . .
crease in mean interatomic distance. phase systenfa mixture of completely ordered particles of

The formation of the disordered state in the CoTi aIonaMOy in the disordered matrix with various contents of the
film by using the vapor-quenching deposition is accompaparticles)_has been c_arrigd out in the framework of the gﬁeg-
nied by a decrease in the mean grain size. The grain bound¥€ medium approximation. The results are presented in Fig.
aries are usually highly disordered or even amorphous. |§. It is seen that ther.e is a reasonable agreement between the
was established above that the structural disorder leads to tigmulated and experimental data. A reason why we prefer the
shifts of the absorption peaks to the low-energy side. Evefirst presumption is that peak does not change its location
perfectly ordered film has much smaller grain size than theén the simulated OC spectra. Indeed, if this process comes
bulk material. Therefore, the aforementioned shift of thealong the other way, the peak location should be changed,
high-energy absorption peaks of the ordered alloy film withfollowing a gradual growth of the corresponding gap with
respect to the bulk sample could be explained by finer graiincreasingz, but it turns out to be not the case. Therefore, it
structures in the film sample than the bulk one. can be concluded that the process of ordering in such a meta-

An annealing of the disordered ggTij 5 alloy films at  stable disordered alloy caused by annealing the films comes
730 K for 45 min induced a partial ordering. The intermedi- with an appearance of the ordered nuclei and their growth.
ate degree of long-range order makes us understand the be- Figure 9 presents the temperature dependences of the nor-
havior of their optical properties. It is seen that all the specmalized resistivity with respect to that at RT of the
tral dependencies of the optical properties of the anneale@oy 50Tig 59 alloy films with various degrees of long-range
sample are in between the corresponding curves for the oprder, revealing significantly different behavior according to
dered and disordered alloy filnisee Figs. 2-% 7. The ordered film exhibits a typical metallic behavior with

Evidently, two possible mechanisms of the ordering ina positive value of the temperature coefficient of the resistiv-
such a metastable disordered film caused by the annealirity (TCR). The structural disorder in the ggyTig 5o alloy
can be assumedi) an emergence of nuclei for the perfectly films leads to the change in sign of the TCR from positive to
ordered phase in the disordered matrix and a growth of théhe negative one. It should be also emphasized here that the
volume of these nuclei, dfii) a gradual increase in the de- resistivity of the disordered alloy film is significantly higher
gree of the long-range order in the whole volume of the film.than the ordered one in the measured temperature range. The
To our mind, the first one is more probable. To confirm thistemperature dependence of the resistivity for thg 45T 50

(O] (O] H Py
o [&)] o [&)]

Optical conductivity ¢ ( 10’43")
N
4]

(9]

presumption, a simulation of the optical properties of two-
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1.1 results from an enhancementrof , and this is, again, due to
the dispersionless band which is ascribed to the increased
disorderliness. Thus, we can conclude that the evolution of
g, spectra and the change of TCR upon the structural trans-
formation are consistently correlated through the increased
disorderliness.

This is also supported by the DOS calculated by using the
linear-muffin-tin-orbital method for equiatomic CoTi and
CosTiy alloys. For C@Ti; alloy the electronic structures
were calculated using a defect-specified supercell method.
As the Ti concentration decreases, a very sharp peak in the
DOS curve near the Fermi level grows, indicating an easier
localization of the states near the Fermi level and an increase

R(T) / R(300)
o o -
0] [(e} o

o
3

0 50 100 150 200 250 300 of m*. This is another manifestation of the localization of
Temperature (K) the states near the Fermi level upon the order-disorder trans-

FIG. 9. Variation of the normalized resistivity with temperature formation.

for the ordered(1), intermediately disordere¢B), and disordered
(2) CoysoTip 50 alloy films. IV. SUMMARY

alloy film with intermediater; comes in between the ordered 1. The disordered state in the G@Tig 5 alloy films was
and disordered ones. obtained by means of vapor-quenching deposition onto glass
The peculiarities of the electronic structures of the highsubstrates cooled by liquid nitrogen. In contrast to the results
resistivity systems responsible for the negative TCR ar@f previous study, it was shown that the disordered state is
widely investigated during recent years. It was suggested thderromagnetically ordered at 100 K.
the negative TCR concerns with the pseudogap in the#ES, 2. The optical properties of the ordered @Gglig 5o films
Anderson localization of carriers due to the structuralhave been studied experimentally at RT in a photon energy
disorder’*** and a formation of the virtual band, which is range of 0.5-4.7 eV and compared with the results of the
weakly hybridized with the electronic states of maffixA first-principles calculations. The origin of the main absorp-
very similar temperature dependence of the resistivity wadion peaks has been determined. It was experimentally shown
observed for annealed and quenched Ti-based V-Ti affoys. that a low-energy interband absorption peak near 0.6 eV ex-
While the annealed V-Ti alloys have a positive TCR, theists in the OC spectrum for the ordered alloy. This result
quenched alloys are changed to have the negative one. Feenfirms the theoretical calculations for this region of spec-
the origin of the negative TCR of the quenched V-Ti alloy tra.
the authors suggested a formation of the crystallinghase 3. The loss of the translational invariance in the disor-
with some gap in the EES near the Fermi level. The samé@ered state leads to significant changes in the magnetic, op-
reason for the appearance of the negative TCR was aldécal, and transport properties of the GgTig s alloy films.
noted for the quasicrystal {k<Clp » € 125.2" In Ref. 27, a 4. The observed changes in the optical properties caused
conclusion was drawn that this alloy is narrow- or zero-gapdy the order-disorder structural transition were discussed in
semiconductor. the framework of lattice symmetry and electronic structure of
It should be mentioned that the negative TCR of the disthe ordered CoTi compound.
ordered CgsgTig spalloy film is also accompanied by a posi- 5. The observed temperature and structural dependencies
tive value ofe; as in Fig. 4, which reflects a significant Of the resistivity of the investigated ggyTio soalloy films as
variation of the plasma frequency or, equivalently, the effecwell as their optical properties were explained by the partial

tive mass. The plasma frequeney is given by localization of the electronic states near the Fermi level.
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