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Structural and optical analysis of B-FeSh, thin layers prepared by ion-beam synthesis
and solid-state reaction
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The B-FeS} phase was fabricated using two different techniques: ion-beam synthesis and solid-state reac-
tion of a thin Fe layer with Si substrate. The crystal structure of the films was investigated by grazing incident
asymmetric x-ray diffraction. The generalized matrix method was used to obtain the dispersions of the absorp-
tion coefficienta(E) and of the refractive inder(E) from the experimental transmittance and reflectance
spectra, accounting for the surface and interface roughness. Ef&h and n(E) dependences a direct
band-gap energyg,=0.80 eV was determined. When interpreting quantitativelydfg) dependences, the
Burstein-Moss effect was considered.

. INTRODUCTION simulated using theriM progrant! in order to estimate the
suitable values of energy and doses of the implanted ions. A
Among the semiconducting silicides3-FeS, has at- two-step implantation process was carried out with energies
tracted much attention due to its potential applications folE and dosesD of the implanted Fé: E;=90 keV, D,
optical sources and silicon-based optoelectronic components:4.10'cm™2, and E,=25 keV, D,=1.10"cm 2, respec-
Although the optical properties g8-FeSj, films have been tively. The second step of implantation was performed to
extensively studied the nature and the value of its band gaprovide a formation of comparatively thicg-FeS} layer
are not unambiguously determined yet. In all optical investi-close to the surface. To avoid the amorphization of the sub-
gations of 3-FeSj, a direct band transition has been identi- strates during the implantation they were heated to a tem-
fied but there is a confusing discrepancy in the band-gaperature of about 400°C, by means of the incident ion beam
energy value—it ranges from 0.83 to 0.885 €V° Band-  (current density 1&.A cm™2).2? Subsequent to the implanta-
structure calculatiot§*” and the experimental results on the tion, RTA was performed in vacuuth Pg to remove the
optical absorptior;}*'*? and the photothermal deflection residual radiation damage and to provide coalescence of the
spectroscopy'®1®support the presence of an indirect gap ofiron silicide precipitates. Two regimes of annealing of the
few tens of meV narrower than the direct gap. In a number ofmplanted samples were usedi) at temperatureT,
experimental works!'?141%the absorption tail or subgap ab- =900°C for 60 s(sample I1S1andii) at T,=800°C for 15
sorption has been attributed to defect states within the ga with additional annealing a,=900°C for 60 s(sample
The most puzzling fact, however, is that a variety of valuedS2).
for the direct band gap are reported even for samples ob- SSR method: The sample preparation included standard
tained by the same techniqlie. Si substrates cleaning and etching prior to Fe deposition. An
In the present work the results on structural and opticalron layer with a thickness of about 50 nm was then depos-
investigations of-FeSjp films prepared by two different ited on a Si substrate at room temperature in the e-beam
techniques, ion beam synthe$iBS) and solid state reaction Leybold Heraeus NT 1500 vacuum system. The formation of
(SSR are reported. When calculating the dispersions of theron silicide resulted from the solid-state reaction between Fe
optical constants of thg-FeSj phase special attention is layer and Si substrate during thermal annealing in argon at-
paid to the influence of the surface and interface roughnessnosphere af,=700°C for 15 min(sample SS50 In both
The generalized matrix method used allows thorough analypreparation techniquestype Si wafers with(100) orienta-
sis of the optical response in a wide energy region to beion and resistivity 4.5—7.%5) cm were used.
performed:?°

Il. SAMPLES PREPARATION Il. EXPERIMENTAL RESULTS

Two different techniques were used to fabricate iron sili- A. GIAXRD investigations
cide layers: IBS method: Tha-FeSj phase was formed by The crystal structure of the films fabricated by IBS and
Fe* implantation into Si substrates followed by rapid ther- SSR was investigated by grazing incident asymmetric x-ray
mal annealingRTA). In order to obtain a unifornB-FeS,  diffraction (GIAXRD). The GIAXRD patterns were obtained
layer the peak concentration of Féas to exceed the value by a standard x-ray diffractometer URD-6 with Cu anode
of the stoichiometric compound (26L0°2cm™%). The con- and long secondary slits and a secondary plane graphite
centration distribution profile of Fein a Si substrate was monochromator in an angular range from 20° to 60° with a
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TABLE I. Lattice parameters g8-FeSj, phase in samples under

80 ~ (3 ~ Is1 investigation compared with the results of other authors and PDF
25| .- database.
60 — - B
Q Sample aA) b (A) cA)
=l —
- =g @ o IS1 9.894 7.799 7.823
w = 8 52 9.875 7.806 7.815
20 - * S SS50 9.867 7.832 7.833
L(v)\w B-FeSi/Si? 9.863 7.789 7.806
0= bulk B-FeS§ 9.881 7.805 7.834
(b) 182 B-FeSj /FeSt 9.899 7.823 7.839
40 - B-FeSi° 9.879 7.799 7.839

Si

K. Lefki et al. (Ref. 29.
bPDF databaséRef. 23.

202, 220

422

C.P.S
<

|
55224,242

20 : o .
NWW bulk materia* and those given in the PDF databd3é is
) seen that the difference ¢@f-FeSj phase lattice parameters
in the samples under investigation does not exceed 0.033 A.
The values of these parameters are very close to those given
© SS50 in PDF databagé and reported for bulk materiaf.

004, 040

60 L In Table Il the integral intensity ratios of the peaks de-
=3 7 tected in the patterns of the IB synthesized samples are com-
s = pared with those in the standard powder-diffraction pattérn.
40 oA o It is seen that the intensity ratios of th&FeSj reflexes
g § e = indicate a preferable growth in tH202) or (220 directions.
= o IS The angular positions of the diffraction peak&02 and
20 - i n N (220 almost coincide, which does not allow the peaks inten-

sity to be separately determined.

It is seen from Fig. (a) that in the spectrum of sample
B-FeSi IS1 along with theB-FeS} phase, traces of metallic FeSi are
B 2 also detected. The diffraction pattern of sample [E&y.

‘ L h] “l ,| L 1(b)] indicates a monophasg-FeSj layer. However, the
L * FeSi reflexes seen in this diffractogram are broad in comparison
N

(=4
I

with those in the pattern of sample IS1. Thus, one may con-
clude that the samples fabricated by IBS at two stages of
& Fe.O annealing are monophase but with less uniformity of the lat-
L ’ 273 tice parameters.
L 1 | L In the GIAXRD pattern of sample SS50 along with the
20 25 30 35 40 45 50 55 60 well-resolved doublet202) and (220 of p-FeS}, the re-
flexes ofa-Fe,0O3 are clearly seen. The high intensity of the
29 (degrees) a-Fe,0; peaks in the pattern of sample SS50 might be an
indication thate-Fe,0O; was formed mainly on the surface.
To verify this assumption the sample SS50 was analyzed by

FIG. 1. Grazing incident asymmetric x-ray diffraction patterns

of (a) sample IS1(b) sample 1S2, andc) sample SS50. The dif- . PR . -
fraction patterns of polycrystgB-FeSh, FeSi anda-Fe,0; with GIAXRD at a grazing anglgg=9° too. The integral inten-

intensities and positions taken from PDF databéRef. 23 are  Sities of 3-FeS} (220) and (202) peaks andv-Fe,0; (104)
shown with solid lines below the experimental spectra. peak were determined from the patterns takegatl® and
B=9°. It turned out that in the case @FFeS}, the ratio of
. the intensity at3=9° to that atB=1° is 1.3, while in the
step of 29=0.05°. The GIAXRD patternsoof samples IS1, cage of o-Fe,0, this ratio is 0.87. In other words the
IS2, and SS50, taken at a grazing angle1® are shownin g Feg; reflexes are those hidden by the upper oxide layer.
Figs. Xa), 1(b) and Xc), respectively. In the same figure the
diffraction spectra of polycrystalling3-FeSp, FeSi, and
a-Fe,05 with intensities and positions taken from the pow-
der diffraction file (PDP) databas® are shown with solid The room-temperature reflectan(®) and transmittance
lines below the experimental spectra. (T) spectra were measured in the range from 0.45 to 1.3 eV
In all three samples thg-FeS} phase was detected. From using CARRY-5E spectrometer. ThHE and R spectra of
the GIAXRD patterns the lattice parameters of Bd-eS,  sample IS2 consisting oB-FeSj only are shown in Fig.
phase in the samples, obtained at different technological cor&@). In Fig. 2b) the T spectra of sample SS50 before and
ditions were determined. In Table | these parameters arefter etching are compared. It is seen that after etchind the
compared with those reported f@-FeSj thin films and  spectrum changes significantly, indicating an increased re-

B. Calculation of the optical constants dispersions
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TABLE II. Diffraction peak intensity ratios of3-FeSj phase detected in IBS samples and according to
PDF database.

loootlazg  laoatlag  lagotlaooe  loootlaze oot loso oot lozo oozt 1220
Sample la13+ 1331 looatloao loa1 l114+ 1511 1422 l133 [ 2041242
1IS1 17.2 12.1 6.0 12.1
1S2 12.1 13.2 12.4 15.2 5.8 17.9
PDF dat& 2.0 2.5 4.0 2.5 2.5 4.0 5.0

3PDF databaséRef. 23.

fractive index of the upper layer. The later implies that as agives numerically unstable or physically unreasonable solu-
result of the etching the upper-Fe,0O3 layer (n=2.5) was tions for n and k, probably due to the rough and nonideal
removed to a great extent. (plane and abruptinterfaces. The problem how to account
The optical response was analyzed in terms of a multilayfor the interface and surface roughness is not trivial. Often
ered structure—aif@-FeS}/Si substrate/air. The optical con- physically realistic pair of solutione(E) andk(E) can be
stants were calculated from the experimefandT spectra  found for more than one set of irregularities values. Thus, the
in the range of transparency of the Si substrate, from 0.45 tmagnitudesH, and H;, cannot be included in the calcula-
1 eV, using the generalized matrix methifddThe method tions as variable parameters. That is why, we calculated the
allows the surfacéd, and interfaceH;, roughness, as well dispersions of the optical constants with different roughness
as the effect of the finite substrate to be taken into accountin order to estimate the uncertainty of the material character-
In the calculations a constant value of the refractive indexstics involved by the roughness.
of the Si substratag;=3.47 was used and the imaginary part The dispersions of the absorption coefficiewfE) of
of the refractive index of the substrdtg; was neglected. The sample 1S2 calculated from the experimerRandT spectra
film thickness was evaluated from the bulk densities of Fewith various values of surface and interface roughness are
Si, and B-FeSj and from the thickness of evaporated Feshown in Fig. 3. In the inset of the same figure the disper-
layer and of Fé implanted region of the substrate, respec-sions of the refractive inder(E) of sample IS1 are pre-
tively. The inversion of the experiment® and T gives no  sented along with thex(E) dependences in order to make
unique solutions. Therefore, in order to obtain the opticalthe effect of the roughness more apparent. The calculation
constantsn andk of the 3-FeSj, layer these constants were with finite values of the surface and interface roughness
run through wide intervals, 2n<15 and Gsk<5, so that leads to the following changes in the dispersion curygs:
IRcalc— Rexg T | Tcalc— Texgd =0. Then the physically rea- The features in the spectral dependences become more pro-
sonable set of solutions consistent with the Kramers-Kronighounced. As seen from the inset in Fig. 3 the maximum in

relations was chosen. n(E) dependence of sample IS1 is well defined in the curve
It has been already pointed out by Bellatial?® that the ]
numerical inversion oR and T around the absorption edge 'T'; 10 | Ter2l .
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2 o .
[ \ - S =10 — o? E o
N @ | 2 210l E o ORI B
| A Is2 | 3 = o °I” S T
\C 2 z [ SERN
0 \ -3 o 81 8 = ¢ -
N 0 = £ o% % 1 9 ¢
- ,\i/\ .35 T 34 « S | R s ,
£ = w & s S|, L8
s L 1 = o 6 g2 w|t g 7
s « a e NN L ]
= “ L = ~ 0 L 5
< N o =
w
g | | | ‘\ = B 7
=z L L I S B o
< L _ / o N
= before etching (b) @ et 0
= $850 | < | 1
2 %_v,:\\ P R \ \
< [ afteretching . | 05 06 07 08 09 1.0
- ~
- AN ENERGY (eV)

B FIG. 3. Dispersions of the absorption coefficieatE) of
- ) sample 1S2. The inset shows théE) dependences and the refrac-
& tive index dispersions(E) of sample IS1. Thex(E) and n(E)

06 08 10 12 dispersions of both samples are calculated from the experim@ntal
ENERGY (eV) and T spectra using the generalized matrix method and different
combinations of surfaceilg,, and interfaceH;, , roughnessHg,
FIG. 2. Room-temperature transmittance and reflectance spectra0 nm andH;; =0 nm (rhombg; H,,=10 nm andH;, =10 nm
of sample 1S2(a) and the transmittance spectra of sample SS5Q(triangleg; Hg,=10 nm andH;, =20 nm(squaresandHg,=10 nm
before and after etchingp). andH;, =30 nm(circles.
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calculated withHg, =10 nm andH;, =30 nm. In the curve 2. Subgap absorption

calculated withH,=0 nm andH;, =0 nm, the maximum is It is well known that the presence of crystal imperfections
blurred making the determination of its energy position Un-egy|ts in(i) defect levels, which at high concentration over-
certain. (i) The values of the absorption coefficient, as ex-j35 gpatially and broaden into a band that merges with the
pected, decrease with the increase of the irregularitiefearest intrinsic bandi) localized strains, producing a de-
heights. Thus, taking into account the roughness, the intef,mation potential that locally alters the energy gaphese
pretation of the scattered light as an absorption can bgffacts smear the band edges and the effective gap is a su-
avoided. The variation of the roughness valuesito=10  erhosition of locally induced gap values of various energies.
nm andH;, =30 nm when calculatinge(E) of sample 1S2  According to the theoretical considerations of the absorption
leads to such a change in the low-energy part of the spegje to the local potential fluctuations, the absorption coeffi-
t_rum., so that the usual behavior fo_r the free carriers absorpsient energy dependence has to follow the joint density of
tion is observed below the absorption edge. , _states  distributioR® However, the experimental

It turned out that a unique set of values of the irregulari-opseryvation®262” show that the subgap absorption coeffi-
ties could be found when calculating thgE) andn(E)  cjent energy dependences(E), in the case of fluctuations

dependences of the etched sample SS50. From the expeg any nature can be well described by the relation:
mental T and R spectra of SS50, solutions far(E) and

n(E) were found only when takingi;,=30 nm andH;, E-E,
=10 nm. asg(E):a(Eg)eX A ) ©)

where A is a characteristic energy of the band edge broad-
ening independent of E.

The spectral dependence$E) of samples IS1 and 1S2, It has to be pointed out that the exponential energy depen-
calculated with different surface and interface roughness andence of the absorption coefficient may be regarded only as
the uniquea(E), dependence of sample SS50 were inter-an interpolation of the dependences in two different regions.
preted. This dependence has no physical meaning in a wide energy

The absorption coefficient spectrum was modeled as &ange.
sum of three absorption mechanisms: fundamental absorp-
tion a4(E), subgap absorptiors(E), and free carrier ab- 3. Free carrier absorption

sorptionac(E). The free carrier absorption is strongly influenced by the
material microstructure. The presence of crystal imperfec-
1. Fundamental absorption tions leads to energy dissipation and results in high absorp-
The values of the carrier concentration in IB synthesizedion in the low-energy range. As far as the samples under
undoped B-FeSi, reported so fat, range from 18% to  Investigation are polycrystalllne_v_wth .|nclu5|ons of c_)ther
109cm 3. At such a high carrier concentration the Fermi phases and the.absorptl'on coefficient in the free carrier ab-
level is normally found in the conduction or valence bandSCrPtion range is too high, an extension of the classical
and the Burstein-Moss effect is reasonable to take place. Orude model was employed. A scattering from the grain
the other hand, the strong increase of the absorption coefffoundaries and an energy-dependent damping parameter
cient around 0.80 eV to values of the order of gt  ¥(E) were assumed. The energy dependence of the param-
implies unambiguously a direct band-gap transition. In the2ter . in this case, according to Siapkasan be written in
case of Burstein-Moss effect and direct interband transitiorin® form:
the energy dependence of the absorption coefficieg(tr),

C. Modeling of the a«(E) dependences

Vy 1

is given by E)=r,+E2— —, 4
Y(E) = 4 Vs 7 (4)
EqtEi—E -1 whereV,, andV are the average volumes of the disordered
ag(E)=ao(E)| 1+exp » (D grain boundary and of the grain, respectively, apcand v,
1+ #’ kgT are the corresponding damping parameters.
n

The free carrier absorption coefficient energy dependence,
as.(E) is given by
wherem,, andm,, are the effective electron and hole masses,

respectively,E, is the gap energyE; is the Fermi level Y(E)
energy,kg is the Boltzmann constant, arfdis temperature, ate(E)=Ay —5———, ®)
and E°+ Y (E)
whereA, is a constant.
(E—E )" The experimental dependenca$E) were fitted in the
ao(E)ZATg, (2 whole energy range with the equation
a(E)=aic(E) + asy(E) +ag(E). (6)

whereA is a constant including fundamental constants, ef-
fective mass, and the electric dipole transition matrix ele- In Fig. 4 thea(E) dependences of sample IS2 calculated
ment. from the experimentaR and T with different combinations
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FIG. 4. Modeledsolid curve$ and calculateddoty a(E) spec-
tral dependences of sample 1S2 with different values of the surface As seen from Table Il a direct band-gap energy
Hg, and interfaceH;, roughness{a) H;,=0 nm andH;, =0 nm;(b)
Hg,=10 nm andH;, =10 nm;(c) Hg,= 10 nm andH;, =20 nm;(d)

H¢=10 nm andH;, =30 nm.

of the surface and interface roughness and the dispersions when accounting for the roughness Tassis

the absorption coefficient modeled with E§) are shown.
From the best fit, the quantitie§,, E;, m,/m,, A,

Vp/V

13061

The effective mass of the electrom,=0.25m, was
taken. This value was estimated from the following equation
derived from the nearly free electron band-structure approxi-
mation:

m,=m —Eg (8
T UOE,—4E,’
wherem is the free-electron mass and
h? [\
"~ 2my| a 9

wherea is the material lattice parameter.

The carrier mobilities in the graingy, and at the grain
boundariesy,, are evaluated from the corresponding damp-
ing parameters for each sample and combinatiol gfand
Hir . The best fit values d&4, Er, my/my, A, Vp/Vy, up,
andu4 and the evaluated effective carrier mobilify, ¢, are
given in Table IlI.

IV. DISCUSSION

=0.80 eV, independent of the roughness, is determined only
for the monophase sample 1S2. The variation of the irregu-
larities does not affect strongly the value of the effective
mass ratio and it remains close to 1. It has to be noticed that
132 has deter-
mined a direct band-gap energy of 0.80 eV ®iFeSj thin
films obtained by solid phase epitaxy and conventional

g» b, andyy were determined. From the effective vacuum furnace annealing. It is worth mentioning also that

mass ratio and the Fermi level energy, the carrier concentrdhe ab initio band-structure calculation, performed by Chris-

tion N was evaluated:

E_2772h2 AT 23
om, m,/ | 167 -

TABLE Ill. Band gap and transport characteristics@feS) phase determined from the best fit@fE)
dependences, calculated with different values of the roughness.

()

tensen gives a direct gap of 0.80 eV at fhepoint of the
Brillouin zone!” According to Christenséh the effective
hole and electron mass values are very close to each other
and the valence band maximum and the conduction band
minimum states are not entirely dominated bydrgates, so

Sample

Surface roughneddg, (nm)
Interface roughnesd, (nm)
Band gap energ¥, (eV)
Fermi energyE; (eV)
Effective mass ratio
mg/my

Carrier concentratioiN
x10™¥(cm™?)
Characteristic energg (eV)
Fractional volume of the
Disordered materiaV, /V
Carrier mobility in the
Grain ug(Vem 2s™h)
Carrier mobility at the
Grain boundaryu,(V cm—2s™1)
Effective carrier mobility
Kerr (Vem™?s™Y)

IS2 SS50
0 10 0 10 10 10 30
0 30 0 10 20 30 10
0.75 0.80 0.80 0.80 0.80 0.80 0.80
0.10 0.10 0.13 0.12 0.12 0.12 0.14
2.60 1.00 111 1.03 1.18 1.20 1.19
7.0 4.0 5.7 51 55 55 6.4
0.150 0.026 0.026 0.026 0.026 0.026 0.026
0.06 0.20 0.08 0.10 0.10 0.15 0.30
650 930 877 910 860 850 850
26 190 22 31 40 85 28
3.8 53.8 3.9 6.2 8.0 21.3 104
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that the optical transitions are not dipole forbidden. Accord-ations are approximate. However, the carrier concentration
ing to the theoretical calculations of Filonthand Eisebi®  order does not change even taking several times greater ef-
the direct gap is a\ point and its energy value is 0.742 and fective masses.
0.78 eV, respectively. The absorption coefficient values cannot be obtained with
The variation of the roughness does not lead to any great accuracy in thin films where the requirement 0.5
change of the characteristic energy for the monophase =ad<5 (d is the film thickness andvr is the absorption
sample 1S2(Table Ill). The value of the parametek coefficienj is not fulfilled. Thus, we do not claim that the
=0.026 eV is equal t&gT at room temperature, which im- values of the carrier mobilities, evaluated from the corre-
plies that the absorption edge tail is governed by the thermapondingy parameters were determined with a great accu-
broadening. racy. However, one may speculate about the values of the
For the samples, where inclusions of other phases are deffective carrier mobilities given in Table Ill, as calculated
tected(traces of FeSi phase in IS1 amdFe,O; in SS50,  from the grain and the grain-boundary mobilities and the
the valueE;=0.80 eV can be obtained only when appropri- corresponding volumes. These values are in good agreement
ate values for the irregularities are suppogEable 11l). The  with the Hall mobilities reported for IB synthesized samples
same band gap enerds;=0.80 eV can be unambiguously and for polycrystalline-FeS; layers prepared by solid
determined from the(E) dependence of sample ISH{,  phase epitaxy>*! The low values of the carrier mobility in
=10 nm andH;, =30 nm), shown in the inset of Fig. 3. polycrystalline films, reported so far, are usually related to a
The experimentally obtained values for the direct energyarge scattering from the films imperfectioh® On the other
gap of B-FeSj, reported in the literature, are usually higher hand, according to Christengérthere are reasons to believe
and vary from 0.83 to 0.93 e¥1® The variety of values for that B-FeSj is characterized by an unusually strong
Ey is usually attributed to a strong coupling of the bandelectron-phonon scattering in the band-edge states. It is seen
states to the lattic¥, and thus to the particular growth from Table Il that the carrier mobilities in the grains are
conditions’ In our point of view the discrepancy in the gap fairly high, suggesting a scattering mechanism from grain
energy value is mainly due to the variety of methods andboundaries rather than material nature involved limitations.
assumptior’s>>" 13- sed to calculate the optical constants
dispersions from transmittance and reflectance spectra. The V. CONCLUSIONS
discrepancy in the determination of the energy gap can be
avoided if the following is taken into account:
(i) For materials available in the form of layers with a
thickness of several hundred nanometers, the energy g ;
should be determined from the maximum fE) depen- plantation and at two stages of RTA,

TR . A direct gap with an energl¢f,=0.80 eV was determined
dence or from the quantitative interpretation of the depen: 9 .
| X . from then(E) and «(E) dependences, calculated using the
dence a(E). Otherwise, the strong increase af which ; .
. ! ; . eneralized matrix method. Th&E) dependences are mod-
takes place in these thin layers at energies higher than t . . : . .
) L . eled in a wide energy region as a superposition of free carrier
energy of the edge, can be insufficiently interpreted. It has tQ oo . )
) - absorption in the presence of grain boundaries, subgap ab-
be pointed out that at room temperature an indirect transi- . . : ] ;
. S sorption due to local potential fluctuations, and direct inter-
tions absorption, if any, can be hardly detected on the bac pand transitions absorption in the case of the Burstein-Moss
ground of the high subgap and free carriers absorption. effect. On the grounds of the optical investigations it is con-

Fermi level 5 placed in the band, causes a bide shit of thgluded that the discrepancy in the band-gap eneray can be
; . ' . avoided if the surface and interface roughness, as well as the
absorption edge. Thus, in order to determine the real energy  rein-Moss effect are accounted for
gar()__y)algre] the Buhrstein-lﬁl/losst ef;;ectt hfs to l?e conside;redh The conclusion that the low values. of the Hall carrier
iii e roughness has to be taken into account when . ... : .
calculating optical constants dispersions. The latter holds to rgnooubr:?jt;isegatﬂaae tgtmg u:ﬁgtézg}er:;& rteheitsperﬁsg;ﬁebgf d?;\'l?]
greﬁrt]:)\(/tzlr:e?roﬁhmeplsgr\r/ivgrhégﬁtj;?rnastig; og]letrhghgrs deesr' Offrom the speculations on the free carrier absorption behavior.
10°cm™3, determined from the Fermi level energy and the
effective mass are consistent with those reported for samples
obtained by 1B$ and for polycrystalling and epitaxial® The authors are indebted to Ch. Angelov and A. Djakov

B-FeSp layers. The effective mass values used in our calcufor the preparation of the IBS samples.

On the base of the structural investigations of iron-silicide
samples obtained by IBS and SSR it is found that monophase
a%;FeSiz layers can be formed by IBS with high doses of

i

ACKNOWLEDGMENTS

1K. Radermarcher, R. Carius, and S. Mantl, Nucl. Instrum. Meth-  Weber, and N. Nesper, J. Appl. Ph8, 1726(1990.

ods Phys. Res. B4, 163(1994). 57. Yang, K.P. Homewood, M.S. Finney, M.A. Harry, and K.J.
2C.H. Olk, S.M. Yalisove, and G.L. Doll, Phys. Rev. R, 1692 Reeson, J. Appl. Phy§8, 1958(1995.

(1995. 6Ch. Stuhlmann, Y. Schmidt, and H. Ibach, J. Appl. Phya2,
3C. Giannini, S. Lagomarsino, F. Scarinci, and P. Castrucci, Phys. 5905(1992. .

Rev. B45, 8822(1992. M. Ozvold, V. Boh&, V. Gapark, G. Leggieri, S Luby, A.

4C.A. Dimitriadis, Y.H. Werner, S. Logothetidis, M. Stutzmann, J.  Luckes, E. Majkova, and P. Mrafko, Thin Solid Filn2§3 92



PRB 62 STRUCTURAL AND OPTICAL ANALYSIS OF 8-FeSp . . . 13063

(1995. in Silicides, Germanides, and their Interfacé®ef. 18, p. 115.
8L. Whang, Ch. Lin, X. Chen, Sh. Zou, L. Qin, H. Shi, W.Z. Shen, 2°C.L. Mitsas and D. Siapkas, Appl. Of&4, 1678(1995.
and M. Gstling, Solid State Commur@7, 385(1996. 213.F. Zeigler,TRIM - 96, IBM - Research, Yorktown, New York,

°N. Kobayashi, H. Katsumata, H.L. Shen, M. Hasegawa, Y. Ma- USA.
kita, H. Shibata, S. Kimura, A. Obara, S. Uekusa, and T. Hatano?2s, Mantl, Nucl. Instrum. Methods Phys. Res1B6 355(1995.

Thin Solid Films270, 406 (1995. 23pDF database, JCPDS International Centre for Diffraction Data
*°L. Wang, M. Gstling, K. Yang, L. Qin, Ch. Lin, X. Chen, S. Zou, (1997
Y. Zheng, and Y. Qian, Phys. Rev. 8 R11 126(1996. 24K . Lefki, P. Muret, E. Bustarret, N. Boutarek, R. Madar, J. Chev-

11A.B. Filonov, D.B. Migas, V.L. Shaposhnikov, N.N. Dorozhkin, rier, J. Derrien, and M. Brunel, Solid State Comm@, 791
G.V. Petrov, V.E. Borisenko, W. Henrion, and H. Lange, J. (1991)

1 Appl. Phys.79, 7708(1996. o V. Bellani, G. Guizzetti, F. Mirabelli, M. Ptrini, S. Lagomarsino,
D.H. Tassis, C.L. Mistas, T.T. Zorba, C.A. Dimitriadis, O. and H. von Kael, Solid State Commure6, 751 (1995
Valassiades, D.I. Siapkas, M. Angelakeris, P. Poulopoulos, N-Keeg 1. shilovski and A.L. Efros, irElectronic Properties of Doped
Flevaris, and G. Kiriakidis, J. Appl. Phy80, 962 (1996. SemiconductoréSpringer, Berlin, 1984

13y, Daraktchieva, M. Baleva, E. Goranova, and Ch. Angelov,,, _ pringer, :

C.H. Grein and S. John, Phys. Rev.38, 1140(1989.

Vacuum58, 415(2000. 28 . ) o . . . o
14\1.C. Boast and J.E. Mahan, J. Appl. PhgS, 2696 (1985; 64, D. SlapkasAnnuglre de IUnlversne_de Sofia KI.|ment Ohrl(_jskl
Faculte de Physique et Technologie des SemiconductEdis

2034 (1988.
15K, Lefki, P. Muret, N. Cherief, and R.C. Cinti, J. Appl. Phy, tions de I’Academie Bulgare des Sciences, Sofia, 1988l. 78,
352(1991). p- 110. ) _
16 Miglio and G. Malegori, Phys. Rev. B2, 1448(1995. 293, Eisebitt, J.-E. Rubensson, M. Nicodemus, Tsigg S. Blgel,
YN.E. Christensen, Phys. Rev.4, 7148(1990. W. Eberhardt, K. Radermacher, S. Mantl, and G. Bihimayer,

188 N.E. R®sen, D. Freundt, Ch. Dieker, D. Gerthsen, A. Rizzi, R.  Phys. Rev. B50, 18 330(1994.
Carius, and H. [th, in Silicides, Germanides, and their Inter- °J.L. Regolini, F. Trincat, |. Berbezier, and I. Shapira, Appl. Phys.
faces edited by R. W. Fathauest al, Mater. Res. Soc. Symp. Lett. 60, 956 (1992.
Proc. No.320 (Material Research Society, Pittsburgh, 1994 31D H. Tassis, C.A. Dimitriadis, E.K. Polychroniadis, J. Brini, and
139. G. Kamarinos, Semicond. Sci. Technd#, 967 (1999.

19K, Radermacher, O. Skeide, R. Carius, J. Klomfass, and S. Mantf?H. Lange, Phys. Status Solidi 201, 37 (1997).



