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Magnetic, optical, and magneto-optiddlO) properties of nanocrystalline and amorphous E8i, (0.0
<x=0.5) alloy films prepared by dc magnetron sputtering were investigated in the as-deposited state and after
annealing at 710 K. The optical conductivi®C) spectrum of amorphous FgSij 49 alloy film shows a great
resemblance to the OC spectrum of crystalliaEeSi B20) which implies that the same type of short-range
order is formed in this amorphous phase. All the crystalling E8i, alloy films with 0.30<x=<0.49 exhibit a
prominent absorption peak near 2.5-3.1 eV. The MO responses for nanocrystallinsSifealloy films
(0.21=x=0.30) exceed those of pure Fe films. Such an enhancement is closely related to the interplay
between the optical properties of Fe and E&iy alloy films.
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[. INTRODUCTION magneto-opticalMO)] studies’ Extracted contribution from
the spacer to the total optical properties of the Fe/Si MLF
Since the discovery of the strong antiferromagnéAg) mostly matched to the results of the first-principles calcula-
coupling in the Fe/Si multilayered film@LF) a lot of ef-  tions of the optical properties for the FeSi w2 structure’
forts were devoted to understand its mechanism. If the spacd@te same approach was also employed by us to study the
layer between Fe sublayer is not metallic, then the conversilicide formation in the Fe/Si MLF subjected to the ion-
tional theories of interlayer exchange coupling cannot be apbeam mixing'® By comparing the experimental OC spectra
plied to this system and such a coupling must involve a novelith the theoretical ones of various Fe silicides and referring
mechanism. It is well known that Fe and Si produce a richthe results of magnetic measurements, we made the conclu-
variety of stable bulk binary compoundsnonmagnetic sion that the metastable fSi silicide at RT is formed owing
orthorhombic B-FeSj (¢ phasg, nonmagnetic FeSi with to the ion-beam mixing on the top of such a MLF. However,
B20 type of structureq phase, ferromagneticy-Fe;Si; with  these results were obtained by more or less indirect way.
MnsSi; type of structure and ferromagnetic #5¢ with a  Therefore, it was interesting to grow such iron silicides and
DOj structure and a negative heat of formation of 194 ( study experimentally their optical properties. If the meta-
phas¢, 17.6 (¢ phase, 11.7 (» phase, and 7.5 kcal/metal stable iron silicides are spontaneously formed between Fe
atom, respectivel§. In addition to them several unstable and Si sublayers during the Fe/Si MLF deposition, it is natu-
compounds at room temperatuiRT) are also mentioned to ral to assume that this property may be used for the fabrica-
be grown. These include tetragonal metallic nonmagneti¢ion of pure silicide(without admixture of Feby choosing a
a-FeSp, a metastable metallic nonmagnetic FeSi WA proper sublayer thickness. However, it was not successful to
structure, and hexagonal ferromagnetic metalligFe(8  fabricate these metastable silicides in this Way.
phase.?® Therefore, it was hypothesized that a metallic Some metastable phases of Fe-Si alloy phases can be ob-
metastable compound witB2 structure is spontaneously tained using a variety of techniques such as epitaxial-alloy-
formed in the Fe/Si MLF during the deposition. By using afilm growth, coevaporation, melt spinning, mechanical alloy-
combination of soft-x-ray fluorescence and near-edge x-raying, solid-state interdiffusion et¢='* In this work we
absorption fine-structure spectrosc8py-ray structural employed the codeposition of Fe and Si to produce of Fe-Si
study? low-energy-electron diffraction, and Auger electron alloy films having a gradual change of alloy composition
spectroscopy’ and cross-sectional transmission-electronalong the substrate from Fe-rich to Si-rich ones, expecting
microscopy it was confirmed that a metallic metastable that a proper composition will be reached in some place of
compound withB2 structure is spontaneously formed in substrate, and due to the negative heat of the formation of
Fe/Si MLF during the deposition. silicide and/or additional heat treatment, some stable or
The conclusion on the metallic character of the spontanemetastable iron silicides can be grown.
ously formed spacer between Fe sublayers in Fe/Si MLF On the other hand, Zhoet al. reported that the iron-rich
with AF coupling was also made in our previous work on theFe-Si alloys exhibit a noticeable enhancement of about 40—
basis of experimental and theoretical opti€ahd partially 50% Kerr rotation in comparison with that for pure Fe
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TABLE |. Parameters of prepared and investigated Fe-Si alloy films.

Sample Alloy Film thickness Film structure Film structure

No. composition (nm) (as deposited (after annealing

1 F&y.935i0.07 417 cryst. N/A

2 Fey.9:5i0.08 384 cryst. N/A

3 F& g5i0.15 182 cryst. N/A

4 F&y.76Si0.21 134 cryst. N/A

5 Fe) 765ip 30 137 amorphous ? cryst.

6 Fey 615i0.30 117 amorphous cryst.

7 F& 5:Si0.49 135 amorphous cryst.
film.> However, without knowing the detailed optical prop- lll. RESULTS AND DISCUSSION

erties of these alloys, such an enhancement is hard to under-
stand. Unfortunately, the only accessible data are concerning
mainly nonmagnetic and nonmetallie-FeSi and FeSi o )
silicides® To the best of our knowledge the optical and MO ~ The XRD results are shown in Figs. 1 and 2. Itis seen that
properties of neither FeSBR) nor FeSi as-well as Fe-rich the XRD spectra for Fe-rich alloys witk=0.07~0.15 ex-
Fe-Si alloys were not experimentally investigated so farhibit only one well-defined diffraction peak located rather
Thus, the purpose of this work is to fabricate the iron-richnear but not coincided with the10)-peak position for bulk

silicides and to experimentally study their optical and MOF€ and the most intense diffraction lines for several iron
properties. silicides. Further increase in Si content leads to the broaden-

ing of diffraction lines and to a rapid decrease in intensities.
The diffraction peak position and its width were obtained by
fitting the raw XRD curves with Lorentzian function. The
obtained data were also used for the calculation of mean-
A set of Fg_,Si, alloy films with 0O<x<1 have been grain size by using Debye-Sherrer formula. It is seen that the
prepared by the dc-magnetron face-to-face sputtering froras-deposited Re,Si, alloy films are nanocrystallinéor
Fe and Si targets onto glass substratesX(280 mnt in even amorphous for=0.39 where no XRD peaks were ob-
size) held at RT. Because of the distance between two tarserved with rather small mean grain size which strongly
gets, a certain compositional gradient was maintained alongepends on the silicon content in all¢see Fig. 2
the long side of the substrate. After deposition the film was The interplanar spacings for 0.8%=<0.39 determined
cut into 12 pieces along the short side of substrate, and 1f2om the diffraction peak position are nearly independent of
alloy samples of different composition were obtained. Thex. This contradicts to the well-known compositional depen-
composition of each Re,Si, alloy sample was determined dence of thg110) a-Fe interplanar spacing for bulk Fe-Si
at its central part by x-ray fluorescence. We concentrated ouwalloys which follows the Vegard's rulésee Fig. 2 On the
attention on the iron-rich and equiatomic iron silicides. other hand, the theoretical lattice constant of Fe-Si solid so-
Therefore, only Fe_,Si, alloy films from the compositional lution is almost independent of the concentration of Si when
region of 0< x<0.50 were investigated. The parameters used<x=<0.2518 At the same time, the application of the ex-
in the preparation of the ke, Si, alloy films are summarized tended x-ray absorption fine structure spectrosd&X{AFS)
in Table I. The structural characterization of;EeSi, alloy  for the structural analyses of the |F¢Si, alloy films (O
films was performed by high-angle x-ray diffractioiRD)
with CoK_, and CuK, radiations. The magnetic properties
[in-plane magnetization lood® (H)] were measured at RT
and in a magnetic field of 1.5 T by using a vibrating sample
magnetometer(VSM). Ferromagnetic resonancé~MR)
spectroscopy at RT for in-plane and out-of-plane configura-
tions was also employed for the magnetic study. The details
of the measurements for the diagonal components of the di- .(110) Fe\‘a\\ }’(Ic 7

electric function(DF) tensor &,,=ey,=¢,,~e=&1—iey), 50 51 52 53 54
optical conductivity[ (OC)o=¢,X w/47] and MO[equato-
rial Kerr effect (EKE) &,] can be found elsewheré.Since
the compositional region of 0.30x<0.50 is the most appro- FIG. 1. High-angle XRD spectra for the as-deposited films. All

priate one for the expected silicides formation, the 58, curves are shifted upward with respect to the curve 7 for clarity.
alloy films with 0.36<x<<0.50 were annealed at 710 K for Arrows at the bottom indicate the location of the most intense dif-

90 min in a high vacuum condition and then another com4raction peaks for bulk Fe(a) e-FeSi(110),(b) Fe;Si(220), (c)
plete set of measurements was repeated again. Fe,Si(110) (Refs. 2,29.

A. Structural and magnetic properties of the Fg_,Si,
alloy films
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<x<0.50) prepared by dc magnetron sputtering revealed FIG. 3. Magnetization hysteresis loops for the as-deposited
that the substitution of Fe atoms by Si atoms within bcc(solid lineg and annealeddashed-dotted lingsFe, 4:Siy 39 alloy
structure of a-Fe is observed forx<0.3 compositional film (upper pangland the compositional dependence of magnetiza-
region'* According to the phase diagram of bulk Fe-Si al- tion (right scale, solid symbols and coercivity(left scale, open
loys for 0.1k x=<0.24 ana,-phase DO5) is equilibrium at symbol_s) for the as-depositedcircles and annealedtriangles
RT. However, because of a little difference in lattice con-FeL-xSk alloy films.
stants of these phaséz.48 and 2.44 A, respectivélyrob-
ably they cannot be distinguished in the nanocrystallineabsorption-derivative positions as well as the peak intensity
Fe-Si alloy films. The formation of the structure with a local also decreases as the Si content increases.
order close to FgSi; phase in amorphous FgSiy.galloy It is known that bulk Fe-Si alloys are magnetically soft
films was also observed by &z et al1* and have coercivitiesl; of about 1 Oe. However, the coer-
Annealing of the Fg ,Si, alloy films with 0.30sx  civity of our as-deposited samples fr0.30 is noticeably
<0.49 results in crystallization with a mean grain size oflarger(about 30 Og The softness of the nanocrystalline ma-
about 7—8 nm and some shift of the diffraction peaks to thderials is related to low effective magnetostriction and small
high-angle sidgsee Fig. 2 However, the location of these magnetocrystalline anisotropy due to random orientation of
diffraction peaks is still far from the position of the most grains. Relatively high coercivityfor x<0.30 region may
intense diffraction peaks for the possible iron silicidese be related to the reduction of the magnetic-domain-wall mo-
Fig. 2. Therefore, the results of XRD study do not allow us bility due to grain boundaries with a high stress and doping.
to confidently conclude that which kind of short-range orderFor x=0.40, H. increases by about an order of magnitude
or local environment is formed in the annealed and particu{see Fig. 3. The same behavior was also observed by Varga
larly in the as-deposited Fe,Si, alloy films. et al?! for the nanocrystalline Fe,Si, alloys prepared by
Figure 3 present the results of the magnetic measurementselt spinning and by Uez et al. for amorphous Fe ,Siy
for as-deposited and annealed; F¢Si, alloy films. M(H) alloy films prepared by dc magnetron sputterfAg\ccording
curve for the Fg,oSiy »; alloy film (not shown is nearly the to Varga et al,?* in the x<0.30 region the cubic phases
same as the FeSiy 5 film. It is seen that the saturation (DO and bcg are dominant in the nanocrystalline;FgSi,
magnetizationM gradually and nearly linearly decreasesalloys. Vargaet al. relate the rapid growth oH. for x
with Si content. The observei (x) dependence for the >0.30 to the appearance of the hexagondtre;Si; phase,
as-deposited Re,Si, alloy films is in a good qualitative which is called a “killer” of soft magnetic properti€s. A
agreement with the well-known results for bulk Fe-Sistrong decrease in the FMR line width observed for our
alloys'® and experimental data of Zhat al?° for the nano-  Fe,_,Si, alloy film with x=0.30 in comparison with those
crystalline Feg_,Si, alloys prepared by mechanical alloying, with x<<0.30 can be explained in terms of small magnetic
though the magnitude is slightly smaller. The compositionalanisotropy of this alloy. This result nicely agrees with the
dependence of magnetization measured by VSM for the aswell-known fact that Fg;¢Siy 3o alloy possesses the lowest
deposited Fg_,Si, alloy films also agrees with the results of magnetic anisotropy among the Fe-Si alloys. The increase in
the FMR measurementsot shown; the effective magneti- Si content in the as-deposited ;FgSi, alloy films up tox
zation of the Fe ,Si, alloy films determined by the =0.39 causes significant broadening of the FMR absorption
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line. Such a behavior also nicely corresponds to our magnanay be observed, and eventually, a mixture of both stable
tization data obtained by VSNsee Fig. 3. ferromagnetica; and nonmagnetie phases at RT will ac-
Annealing of the Fe ,Si, alloy films (x=0.30~0.49)  complish the way to the equilibrium state. ForygSij 39
results in noticeable changes of their magnetic properties ialloy the sequence of possible phases is assumed to be as
different ways for different samples even though the saturafollows; amorphous phase, then a mixture of metastgble
tion magnetization increases by nearly two times for allphase and stable phase at RT, the next step to stability will
s_ample_s(see Fig. 3. The coercivity for the annealed alloy pe g mixture of metastable phase and stablephase at RT,
films Wlth x=0.30 and 0.49 are nearly the. same as for aszng finally (as for the case of KeSi s alloy) a mixture of
deposited state, whilel. for annealed FgsiSiose @lloy film 4, gtapleq, phase ande phases at RT. The difference
IS reduced by more .than 2 tr|1mesh n colmparlson W.'th theoetween them is ascribed to the different contenta pand
as-.defptal(sjllt_'edfsta;e. Itis selegt at t. € ml-lp a?.le seturatlon mag'phases in alloy. According to the phase diagram the
netic fieldH for the annealed koSl soalloy film increases Fey 51Sip. 49 alloy should be nonmagnetic after crystallization

by nearly an order of magnitude, while for JzgSij 34 alloy o ;

: : : ' ' to e phase. However, due to compositional gradiefiabout
film the o te tende b ke the I

m Ppostie Tendency 1 onsenabe UPPET pane 10% per sample widjhthe actual path to the equilibrium

of Fig. 3). On the other hand, for the annealed kg Si . .
g-9 ° o100 49 state may be the same as forygfSi 39 but with another

alloy film is practically the same as for the as-deposited film>*< : ; .

The changes in the magnetic propertié (andH.) due to ratio of the formed stable phases at least for the iron-rich side

annealing of Fe ,Si, alloy films obser\jed bchSM are of this sample. Thus, the significant decrease in coercivity
- Rfor the Fe ¢:Sig 39 alloy due to annealing may be explained,

similar to the changes in the FMR spectra. In-plane FM ;
absorption lines for all annealed films are shifted to the low[Or €xample, by the structural transformation from the state

field region, indicating the enhancement of magnetizatiofVith an intermediate stabilitymixture of 7 and e phases,
and the absorption line for the annealeq fBi, soalloy film  Where the magnetically hargl phase is the dominant phase

becomes broader, while for the fgSio s film it becomes [0 @n equilibrium statéa mixture of stabler; ande phases
narrower. The changes in the linewidths well as inHJ) Insignificant changes iHl; for the as-deposited and annealed

reflect the increase in perpendicular magnetic anisotropy foff ®.70>l0.30 alloy films may be explained by the fact that in
the Fg 1Sig 10 alloy film possibly owing to the formation of POth statesmetastable and stabléne magnetically softry

columnar structure and its decrease for the sampl@hase is the dominantphase. _
Fey 6:Si0.30. . The enhancement of magnetization oflE@|x alloy
The structural dependence of the saturation magnetizatiofjms uPon annealing also may be explained with the help of
for nanocrystalline Fe ,Si, alloys was also observed by the phase diagram. For the ;£€Si alloy films with x
Zhou et al;2 the better the crystallinity, the larger the mag- = 0-30(0r 0.39 the total magnetization for the last step be-
netization. According to Zhoet al, both imperfections in-  fore equilibrium one may be expressedMge i . =M.,
side the grains and grain boundaries result in low magnetix c'al(o.so)+ M, X C'n(O.SO) [or M'Feo 6Sioas M,
zation of nanocrystalline Fe-Sl alloy .f|Im's. Thus, the y i (0.39)+ M5><CL(O.39)] whereM,, , M, andM are
enhancement of the saturation magnetization for our an- 7 !

nealed Fe ,Si, alloy films may be due to some improve- Magnetization of the, », ande phases, respectivelq, ,
ment of crystallinity. In addition to this mechanism the en-C,, andC, are their contents in the state with an interme-
hancement of the saturation magnetization, as well a§iate stability. After the structural transformation of alloys to
changes in coercivity, in the annealed state may be explaindf€ stable configuration their resulting magnetization may be
by some structural and hence magnetic transformatises ~ Written asMg, - . - =M, X C;, (0.30)+M X CZ(0.30) [or
below. MR, ¢ Sig s Ma, X C3,(0.39)+ M X CZ(0.39)]. It should
According to the Ostwald's rule, a metastable system gope reminded here that, in contrast to the phase diagram, all

ing to the equilibrium state has to come through the states gf,e eyents in such a discussion take place at RT. Because of
intermediate stability* A correlation between atomic struc- ~s >C  for x=0.30 (as well as forx=0.39, see phase
o : .39,

ture of liquid Fe-Si alloys and peculiarities of the phase dia-~ *1 s i
gram was established by I'inskét al?® According to this ~ diagram and M, >M,, the Mg, >Mg,, even thoughe
phase diagram the formation of the;5¢ and FeSi clusters phase is nonmagnetia,=0). In such an estimation the
near the corresponding compositions=0.25 and 0.5Din saturation magnetization for the nanocrystalling f8ij »s5
the liquid state was experimentally provenEurthermore, and Fg g,:Sig 375 ribbons of 1.6z and 0.7, respectively,
an EXAFS study of the nanocrystalline and amorphouswvere used?®

Fe,_,Si, alloy films by Diaz et al!* reveals that the local Thus, our magnetic measurements suggest that the cubic
environment in amorphous phase at each Si concentratigphases (D@ or B2) are dominant phases for the as-
corresponds to the simplest crystalline phase of alloy fodeposited and annealed ;EgSi, alloy films with 0.2kx

such a concentration. Thus, using the phase diagram for buk0.30. A significant amount of the magnetically hard
Fe-Si alloys and coming from the liquid state down the tem-phase is present in the as-deposited ESi, alloy films with
perature scale along the composition corresponding t0.39<x=<0.49. Annealing of latter films causes the structural
Fey.705i0.30 0ne can find first an amorphous phaae an ana- transformation ofp+ e— a4+ € type which explains the en-
logue of liquid statg then a more stable structure, i.e., a hancement of magnetization and decrease in coercivity of
mixture of metastable at R phase and stable; phase these samples.
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FIG. 4. Experimentaka) OC and (b) ¢, spectra for the as-
deposited Fg ,Siy alloy films with x=0.21 (up trianglg, 0.30
(down triangle, 0.39(circle), and 0.49squaré. Both pure-Fe spec-
trum (solid line) and fitted spectrddashed and dotted lineare
shown.

B. Optical properties of Fe,_,Si, alloy films

o(hw) ande (hw) spectra of the as-deposited;FeSi,
alloy films (0.2 x=<0.49) together with those of pure
Fe-film® are shown in Fig. 4. It is seen that the optical prop- Photnn enengy {(eV)
erties of pure Fe and Fe-rich §-&Siy »; alloy films practi- i . led
cally identical to each other exhibiting a prominent absorps-i FIG. 5. OC spectra for the as-depositeblid) and anneale

g . ) open Fe,_,Si, alloy films with (a) x=0.30, (b) x=0.39, and(c)
tion peak at 2.2-2.3 eV in the OC spectra. Increase in =0.49. Paneld) shows the OC spectra extracted from the spon-

content leads to the decrease in the magnitude of the OC @{nequsly formed silicide in the (30 A Fe/22 A §)MLF (solid)
the Fg_,Siy alloy films, to some blueshift of the maximum gnq after ion-beam mixingdashed] annealed (4 A Fe/4 A Sj),

and also to the appearance of a small feature just below 1 ¥ F (dashed dotted-dotted lineand bulke-FeSi alloy(dotted.
Based on our magnetic measurements and also consider-

ing the phase diagram of bulk Fe-Si alloys we are able tdhe 7 phase should be the dominant phasexfe0.39. How-
conclude that Fe ,Si, alloy fims with x=0.21 and 0.49 €Ver, this contradlct_|on may be av0|d_ed if some similarity in
contain mainly cubic (DG) ande-FeSi phases, respectively. the optical properties of; (Fey 75529 and 7 phases
This conclusion is further supported by the fact that the O F&.6255k0.379 Will be assumed.

spectrum for the as-depositedyzeSiy 49 alloy film is rather Annealing of the Fg,Si, alloy films causes noticeable
siF;niIar 0 those of Fk))ulk e—lgggioglloy yand annealed changes in the OC spectra in a somewhat different way for

(0.4 nm Fe/0.4 nm S}, MLF, which crystallizes into different composition as shown in Fig. 5. While the overall
. . 0 1

. . magnitude of the OC spectra increases as a whole owing to
E'fje(i)' phase, t?ken from our previous wbfkee panelsc) thegannealing of the alllaoys witk=0.30 and 0.39, the ab-g
an in Fig. 5]. ' L

) - . . sorption peak in the OC spectrum ofg=g5iy 39 alloy is blue-
Afully satisfactory description of the optical properties of shif[t)ed bi)/ about 0.3 eV, vl?/hereas it Is almost unchanged for
Fe ,Si alloy films with x=0.30-0.39 can be made by ,_ g 39 ‘After annealing the OC spectrum of,EeSiy 40 al-
means of two-phase model. The components of DF of mulroy film resembles that of Fg;Sipse alloy. According to

tiphase system may be expressed in terms of the effectivep—r(_:.\,ious discussions, all annealed,FeSi, alloy films
medium approximation as followss,,y=C X &+ (1-C))  should contain in the equilibrium state a mixturesgfand e

Xe), whereC, is the fraction of alloy in phase |, and and  phases in proportions depending on alloy compositions. The
g are DF for the phases | and Il, respectively. This approactnnealing leads to more resemblance in the OC spectra of
is valid when the dimensions of the regions confining thesere, _,Si, alloy films; all OC spectra have rather similar
phases are comparable to the skin depth. It is seen that tlshape and exhibit an interband absorption peaks located at
experimentalr (7 w) ande(hw) spectra for Fe_,Si, alloy 2.5 eV (x=0.30), 2.85 eV %¥=0.39), and 3.1 eV X

films with x=0.30 and 0.39 may be reasonably described by=0.49). It is also seen that the high-energy shoulder of these
this model withC,=0.68 and 0.28, respective(gee Fig. 4. peaks for the annealed samples is getting more intense, as the
The obtained results look reasonable for bullg f8ig3gal-  Si content increasdsee Fig. 5. The consistent blue-shift of

loy in terms of the fractions of these phases in different statethis peak in comparison with that of §gSij 30 (With in-

of alloy and may unexpected for the JzgSig 39 alloy. In-  crease irx) results from the increased contribution from the
deed, according to the results of our magnetic measuremenésFeSi phase. The absorption peak observed at 2.5-3.1 eV in
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FIG. 6. Experimental EKE spectra for the as-deposited
Fe, _,Sicalloy films (symbolg and pure Fe film(Ref. 9 taken at the
angle of incidence obp=66°.

the OC spectra of ke ,Si, alloys (x=0.30-0.49) may have
the same origin as the 2.4 eV peak of the Fe spectrum. The
lattice constant of the: phase rapidly decreases with Si con-
tent (see Fig. 2 This process should be accompanied by a
“stretching” of the energy bands from the Fermi level, and g 7. Experimental EKE spectra of the as-depositittle)
considering the origin of this peak with its blueshift. HOw- ang annealedtriangle Fe, ,Si, alloy films with (a) x=0.30, (b)
ever, according to the results of our structural study, the inx=0.39, and(c) x=0.49. The EKE spectrum for Fe-filrtsolid
terplanar spacings of the as-deposited K8, alloy films |ine) and the model EKE spectfdashed linesare also shown. The
are nearly independent of Therefore, the actual nature of angle of incidence is 66°.

the main absorption peak in the OC spectraxgpiphase may

tions. At the same time the complete diversity between thgqierplay between the optical constants of Fe ang E®i,

optical properties of newly obtained £gSi, alloy films ei-  gjjoys and/or by the enhancement of the off-diagonal com-
ther in the as-deposited or annealed states and those of Spinents of the DFE.

taneously formed spacer in the Fe/Si MLF or the top layer of | order to elucidate which mechanism is actually respon-
the ion-beam-mixed one allows us to conclude that the metasipje for the enhancement, simulations of the EKE spectra
stable FeSi B2) and FgSi (B2) iron silicides cannot be for the Fq_,Si, alloy films have been performed in the
obtained by codeposition of Fe and Si. framework of the effective-medium approximation. All the
cubic phases present in the,FgSi, alloys for 0<x=<0.28
[i.e., a-Fe, a; (DOs), or a, phasegbcg] are based on the

The EKE spectra for the Fe,Si, alloy films in the as- bcc lattice. It is also well known that down t0~0.30 the
deposited state and after annealing are shown in Figs. 6 arsdituration magnetization for bulk FgSiy alloys decreases
7. It is seen that Re ,Si, alloy films (x<0.30) have mainly nearly linearly with the Si conterit. In the region of solid
the cubic structure (DQor bcg and have the EKE spectra solutions(up to x~0.25) the resulting saturation magnetiza-
which practically coincide with that of pure Fe film taken tion (M) forms the so-called Slater-Pauling curfé’ This
from our previous work.Although the concentrations of Si means that the constituent atoms in Fe-Si alloys still hold
in these alloys are 21 and 30 at%, the magnitudes of th#heir intrinsic properties. All these facts allow us to assume
EKE spectra near 1.7 eV exceddspecially for annealed that the nearly linear behavior of exchange-interaction-
Fey 70510 30 alloy film by about 13% that for pure Fe film related parameterg.e., the off-diagonal components of DF
(see Figs. 6 and)7 The EKE spectrum for the intermediate will also decrease nearly linearly with
region of compositiork=0.39 still preserves the similarity ~ The transverse or equatorial Kerr effect in a medium ob-
in the spectral shape, however, its magnitude is noticeablgerved at the angle of incidengecan be expressed in terms
smaller. The EKE spectrum for the as-depositegsf®i, 4, Of the diagonal §=z,,=¢,,=¢;+ig,) and off-diagonal
alloy film drastically differs from all the other spectra in its (Exy: —EyXZiE/;E/Zgi—igé) components of its DF 4%
shape and magnitude. Annealing of the E&i, alloy films
causes some enhancement of the MO response by about 10—
15 % without significant changes in the spectral shegse
Fig. 7). The enhancement of the magnitude of EKE spectra
upon alloying of Fe with Si is somewhat smaller than that
observed by Zhoet al'® for the nanocrystalline alloy films
with similar compositions, but the trend is the same.

As well known, the MO response of a medium depends
on its off-diagonal and diagonal components of dielectric A=g,X(2e;Xcogp—1),

Photon energy (eV)

C. Magneto-optical properties of Fg_,Si, alloy films

AX&‘;_ BXsé

Op=2sin2pX +
P 27| e arre?

where
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plateau of constant magnetization for the nanocrystalline

1.0 Fe, _,Si, alloys in 0.2<x<0.3 region observed by Zhou
0.8 et al’® and Daz et al}* may have the same origifie., in-
terplay of the optical constantand should be considered as
> 0.6 an artifact, because these measurements have been per-
04 formed by using MO tool. At the same time, the disagree-
ment between the shape of the experimental and simulated
0.2; . . . . ' spectra for Fg_,Siy alloy films with x=0.49 (and partly for
0 10 20 30 40 50 x=0.39) allows us to presume that another noncubic phase
Si content (at. %) is the dominant phase in Fe,Si, alloy films in this compo-

sitional region.
FIG. 8. Compositional dependence of theoefficient for the
as-depositedcircle) and annealedtriangle Fe, _,Si, alloy films. IV. CONCLUSIONS

A set of nanocrystalline and amorphous; E&Si, alloy
films with 0<x<1 have been prepared by dc magnetron
In our model the scaled off-diagonal components of pure Faputtering and their magnetic, optical and MO properties
were chosen as those for the DF of thg E&Si, alloy films,  were investigated for the<0x<0.5 compositional range. By
ie., 8/1,2(Fq,XSiX):f(X)XS,I,Z(Fe)’ where f(x) is a scaling aqalyzing the magnetic proper_ties we can indirec_tly deter-
factor. The measured optical constants of, E&i, alloy mine the structures of the Fe Si, alloy films. According to
films were used in the model as the diagonal components &E
the DF. The simulated spectra for j=gSiy»; (not shown !
and Fg-Sip 30 [Ssee Fig. Ta)] nicely reproduce the experi-
mental spectra for the as-deposited alloy films. The simu
lated EKE spectrum for the &g;Siy 39 alloy film also rea-
sonably describes the experimental one, but with les . : :
confidencesee Fig. Tb)]. Furthermore, the resemblance be- The optical properties of nanocrystalline and amorphous

tween the experimental and simulated spectra for thé:el—XSiX alloy films with 0.2k<x<0.49 were firstly invest-
Fey ,Si 46 alloy film is completely los{see Fig. Tc)]. For ~ 9ated. The OC spectrum of the amorphous 4l sealloy

the region of linear decrease in magnetization the scalin jim shqws the g_reat resemblapce with the OC spectrum of
factor f(x) is expected to be equal to {Ix). However, in rystalline e-FeSi (820), implying that the same type of

order to fit the magnitudes of the modeled and experimenta‘fhor_t'range order is _formed i_n this amorphous _structure. An-
EKE spectra the scaling factoféx) were found to be some- nealing of the Fe ,Si, alloy films results in the increase of

what smaller than corresponding values of(X), and the the resemblance l_Jetween the OC.: specira. for .aII files,
higher the Si content in alloy, the larger the deviation. ItsC@USes the formation of the prominent absorption peak near

- _ 2.5-3.1 eV presumably due to the formation of same phases
compositional dependence may be expressed(&s= (1 ; g . .
—x)l>3<y(x), wher(fy(x) is anothgr fitting %aramet(er}.; Fi(gure in the equilibrium state of alloys, but with a gl!fferent con-
8 shows the compositional dependence of the funcfiod tents of these phases. For Q.@KO:BO compositional range
for the Fg _,Si, alloy films in the as-deposited and annealedthe MO responses of ke, Siy alloy films exceed that of pure

: o Fe films. Such an enhancement is due to the interplay be-
states. The crossing of tly¢x) curve andy=1 line occurs at . . : ,
x~0.20 andx~0.30 for the as-deposited and annealeg™veen the optical properties of Fe and, F€Si, alloy films.

states, respectively. It means that the region, where the We were not able _to fabricat_e the metas.tgble Feé)(

Slater-Pauling curve is still valid, is restricted ky=0.20 and FeSi (B2) alloy films by using codeposmpn of Fe and. '

andx~0.30 for the as-deposited and annealed states, respe%'— and post—hgat treatmeqt. Th'?.”?ay be explained by specific

tively. This may manifest the enrichment of the cubic DO growth conditions of the iron-silicide phases embedded be-
. : tween Fe and Si sublayers.

phase in the annealed films.

Thus, it is clear that the experimentally observed enhance-
ment of the MO response for FeSi, alloy films with
0.20=x=0.30 in comparison with that of pure Fe film is a  This work was supported by the Korea Science and Engi-
result of interplay between the optical constants of Fe antheering Foundation through the Quantum Photonic Science
Fe,_,Siy alloy films. The deviation from linear decrease in Research Center, and by the Korea Research Foundation
the magnetization with increase iand occurrence of the (Grant Nos. KRF-99-D00048 and KRF-01-DP0193

B=(8§—8i)><0052<p+ g,—sirfe.

is approach the cubic structures (P& bcg are formed in

e Fg_,Si, alloy films with x<0.30, while some trace of
hexagonaly-Fe;Si; is present in 0.3€x<0.50 region. An-
nealing of the films causes noticeable changes in their mag-
netic properties. Most of these changes may be explained by
Qwe enrichment of the cubic DOphase in the films.
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