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The absorption coefficient of Bi,,Si0,,:Fe, Bi,,S10,,:P and Bi,,Si0,,:Cr+P single crystals is measured in the
spectral region of Urbach’s rule (2.5-3.1 eV) at room temperature. The parameters of electron-phonon interaction,
Urbach’s energy and the constants of Urbach’s rule are calculated. It is established the behavior of the donors Fe** and

Cr* and this of the acceptor P** in Urbach’s rule region.
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INTRODUCTION

The crystals Bi,,S10,, are piezoelectric, electro-
and magnetooptic materials. The optical activity,
photoconductivity and photorefractivity are a char-
acteristic for BSO and their combination allow the
use of these materials in various acousto and opto-
electronic devices (piezo sensors, space-time light
modulators etc.) [1, 2, 3, 4]. The doping of these
crystals with different impurities change their phys-
ical and chemical properties. Therefore, the elec-
tron-phonon interaction is discussed in doped BSO
and then it is compared with the same interaction in
these materials in the frame of this work.

EXPERIMENTAL

The investigated BSO crystals, either undoped
or doped with Cr, P and co-doped with Cr+P were
grown from stoichiometric melts B1,0,:Si0, = 6:1
using the Czochralski method under conditions de-
scribed in detail elsewhere [5]. High purity Bi,0,,
Si0,, Cr,0, and P,0, were used for syhthesis and
doping. The concentration of P>*is 1.6x10%° N/cm™
in BSO:P and the concentration of this ion is
1.13x10*° N/ecm™ in BSO:Cr+P. The Cr* ions
are inculcated on the BSO:Cr with the concentra-
tion 8.6x10' N/cm™ and these ions are inculcated
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on the co-doped crystal with the concentration
8.1x10'" N/ecm™'. The thickness of the samples is
as follows: dgg.cp= 0.101 cm, djygop, = 0.062 cm.

The Fe** ions were inculcated on the crystal lat-
tice as Fe,O, oxide. The concentration of Fe dopant
1.4x10" N/cm™ into the grown crystal was deter-
mined by flame (Zeeman 3030) and electro-thermal
atomic (Varian 240) absorption spectrometry. The
thickness of BSO:Fe is dg . = 0.152 cm and the
thickness of the undoped sample is dgy, = 0.04 cm.
The experimental set up for measurement of the
absorption coefficient in the visible region consists
of the following: a halogen lamp with a stabilized
3H-7 rectifier, a SPM-2 monochromator, a system
of quartz lenses, a polarizer, a crystal sample hold-
er, and a Hamamatsu S2281-01 detector.

The experimental dependence Ina(E) for all the
investigated crystals is presented in Fig. 1. Urbach’s
rule for undoped and doped BSO in the spectral re-
gion 2.5-3.1 eV is shown in Fig. 2. Urbach’s en-
ergy for the undoped and doped Bi,SiO,, is pre-
sented in Fig. 3.

RESULTS AND DISCUSSION

The behaviour of the absorption coefficient a has
been investigated at the absorption edge using the
Urbach’s formula Ino. = A+B(hw/T), where A and
B are the constants, T is the temperature. The con-
stant B is expressed by the dependence B = a(T)/k,
where o(T) is the parameter characterizing the slope
of the absorption edge, k is the Boltzmann constant.
The value of o(T) is 0.27 for Bi,Si0,, and o(T) var-
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Table 1. The parameters which are characterized the Urbach’s rule region

ats]l,lfgl(t)%sK c G, g W, [meV] E, [meV] c,[cm?]
Bi,,Si0,, 0.27 0.27 247 96 301 -
Bi,,SiO,,:Fe 0.32 0.32 2.08 81 239 1.83x10°18
Bi,,Si0,,:Cr+P 0.52 0.52 1.28 50 154 7.91x10"7
Bi,,Si0,,:P 0.88 0.88 0.76 29 97 4.87x107"

ies from 0.32 to 0.88 in the case of doped Bi,,Si0,,
(Table 1). The BSO:Fe has a value of o(T) close to
that of undoped sample. The value of the parameter
o(T) is biggest for P> ions. This is the reason for the
bigger value of this parameter for co-doped BSO.

On the other hand, we have the next equation
W, = kT/o [6]. The magnitude W, describes the
broadening of the absorption edge due to the dy-
namic disorder. When the temperature is higher, the
absorption edge is wider due to the dynamic disor-
der in the crystal lattice. W; = 96 meV for undoped
BSO and W, =29-81 meV for doped BSO (Table 1).
Therefore, we can generalize that the absorption
edge of BSO:P has smallest dynamic disorder in
the crystal lattice due to the phosphorus. Therefore
this fact, the dynamic disorder has small value in
BSO:Cr+P. The Fe** leads to the large dynamic dis-
order in the doped sillenites. The o(T) and W, are
calculated at room temperature (T = 300 K).

The approximation of the experimental data
shows that o(T) = o,(2kT/hv,)th(hv,/2kT), where
hv, is the energy of the effective phonons, strongly
interacting with photons, and o, is the high tem-
perature constant [7]. The magnitude hy, for our in-
vestigated crystals corresponds to the energy hv, =

31.7 meV of the longitudinal optical phonons (@ =
257 cm™) which are observed in the IR absorption
spectra of BSO [8].

In our case, the obtained values of g, are as fol-
lows: ¢, = 0.27 (Bi,,S10,,) and ¢,= 0.32 — 0.88
(doped Bi,S10,,) (Table 1). When we compare the
values of ¢, for our samples with the values of the
same constant, obtained in [9], we can summarize
that our undoped sillenite has a small surplus of Bi
ions in the crystal lattice.

The dependence g =2/30, determines the strength
of the electron-phonon interaction [8]. When g > 1,
the electron-phonon interaction is strong. This
strength has a highest value (g = 2.47) for undoped
BSO and g =0.76 — 2.08 for doped BSO (Table 1).
Therefore, we can conclude that the impurity ions
reduce this interaction in the crystal lattice. The
P>* ions make the electron-phonon interaction very
weak in the sillenites. Therefore the electron-pho-
non interaction is a weaker in BSO:Cr+P. On the
other hand, the Fe** ions lead to the strong electron-
phonon interaction in BSO:Fe.

The Urbach’s region for undoped BSO is almost
the same as for the sample BSO:Fe (Fig. 2). The
Urbach’s region is shifted (2.8-3.1 eV) for BSO:P
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Fig. 1. The experimental de-
pendence Ino(E) for all the
investigated crystals

E[eV]

121



P. Petkova: The electron-phonon interaction in Bi,,SiO,, doped with Fe**, Cr** and P°* ions

Fig. 2. Urbach’s rule for
undoped and doped BSO
in the spectral region
25-3.1eV
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and BSO:Cr+P. It is interesting that the phospho-
rus shifts the Urbach’s region to the biggest ener-
gies. Therefore the absorption edge is shifted to the
smallest wavelengths for BSO:P (Fig. 1).

The Urbach’s energy is connected with the car-
rier impurity interaction, the carrier—phonon inter-
action and the structural disorder [10]. That is why
this energy is calculated by the formula Eu = a(E)/

(do/dE). The Eu is not a constant for undoped and
Fe doped crystals in the spectral region 2.5-3.1 eV.
The values of the Urbach’s energy of the BSO:Fe
are smaller than the Eu of the BSO (Fig. 3a). The pa-
rameter E; = 1/[d(Ina)/d(hv)] is known as Urbach’s
slope [11]. We can see the values of E; at T =300 K
in Table 1 for undoped, doped and co-doped BSO.
Next step in the calculations is the determination of
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the cross-section of the impurity absorption [12]. It
is very important to establish how the radiation is
absorbed by the impurity ions in the crystals. The
total cross-section o, of the impurity absorption is
defined by the integration within the absorption
band of the impurity ions

E,
5, = (IN) [o(E)ME,

where N is the number of the impurity ions in the
unit volume, o is the impurity absorption coeffi-
cient typical of an energetic interval from E, to E,.
For the investigated crystals here E, = 2.5 eV and
E,=3.1 eV. The cross-section ¢, can vary signifi-
cantly from one absorption band to another. The
value of ¢, is smallest for the crystal BSO:Fe and it
is biggest for the co-doped BSO (Tablel).

CONCLUSIONS

1. The parameter ¢ has the biggest value for
BSO:P, but the electron-phonon interaction is the
lowest in this case. The dynamic disorder in the
crystal lattice is the smallest again in BSO:P. The
value of the parameter E; is the smallest for the
same crystal.

2. The acceptor P* has the greatest impact on the
value of the cross-section G,.

3. The Urbach’s energy for BSO:Fe in the spec-
tral region 2.5-2.8 eV follows the shape of this en-
ergy for BSO. The shape of the Urbach’s energy for
BSO:Cr+P and BSO:P is the same.
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WA W

EJIEKTPOH-®OHOHHO B3ANMOJIEMCTBUE B Bi,,SiO,,,
JIETUPAH C MIOHUTE Fe*, Cr** U P>*
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Iocrprmna wa 15 despyapu, 2012 r.; mpuera Ha 23 anpui, 2012 r.

(Pesrome)

H3mepen e koe(hHLUEHTHT Ha NOITbIIAHE HAa eAMHUYHUTE Kpuctanu Bi,,Si0,,:Fe, Bi,,S10,,:P u Bi,,5i0,,:Cr+P B
CIEKTpAITHUS JUara30oH Ha MPaBWIOTO Ha Ypobax (2,5-3,1 eV) npu craitna Temmepatypa. M3dncieHu ca mapaMeTpuTe
Ha eJISKTPOH-(OHOHHOTO B3aMMO/ICHCTBHE, EHEPrusITa Ha Y pOax M KOHCTAaHTHUTE, yIacTBAIlIN B IIPABUIIOTO Ha Y poax.
YcranoBeno e BiusinueTo Ha qoHopute Fe* u Cr*', kakTo u ToBa Ha akuenropa P°* B obnacrra Ha Ypoax.
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