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OPTICAL PROPERTIES OF LiNbO;

TALAT R. MEHDIYEV
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku. Az - 1143, H. Javid ave., 33

The analysis of experimental results of some optical researches which have been carried out on pure and alloyed 0,03% Fe crystals of
lithium niobate is resulted. The publication is continuation of ref. [20].

Before discussing the results of calculations in [20], we
shall pay attention to the following experiments.

Thin plates of crystals LiNbO; and Fe(0.03 %): LiNbOs,
annealed during one hour at temperature near 500K, are
positioned in the vacuum lightproof camera, in which they
are anchored on a thin thread above a semitransparent
metal plate. Oscillations of a crystal are checked on a
diversion of an optical beam from the light pocket mirror
anchored on a thread (the mass of a crystal is many times
greater than mass of pocket mirror). The control of
distance changes between a crystal and a plate, at
appearance of a charge on a surface of a crystal, is carried
out with the help of the interference microscope with the
accuracy up to 0.5 micron. The temperature, during
recording of a diffraction grating, is determined by
measuring of an optical trajectory in dark area of a crystal.

In all cases, radiation from laser He-Ne (1=6328A,
power of 30 Watt/cm?) is created by the standard
methodics for crystals LiNbOs;. Recordings of
diffractograms from a crystal, in a time dependence of an
exposure, have fixed changes of diffraction strips forms in
the area of a light stain (fig. 1a, 6), and also distribution of
An on amplitude and section in one (fig.2.). It is necessary
to note, that intensity distribution on the area of a light
stain was created uniform one practically no more than
0,03%. Maximal values 4n are observed, when radiation
from the laser is directed perpendicularly to an axis "C" of
a crystal. The further experiments have shown that
distribution 4n during lightning appreciably differs from
distribution after removal of lightning. During
investigations of relaxation time 4n, the quick and slow
components are observed.

The observable effect is the result of appearance of an
electric field in a crystal (strength about 10°V/cm), causing
An change and the appearance of a charge on a crystals
surface depending on temperature, intensity and a wave
length of laser radiation.

It is necessary to note, that there is no new effects in the
obtained results, because in 1966 in paper [2] the
observation of the effect of photoinduced change of the
index of refraction and after that [3] on a possibility of the
use this effect for the recording phase holograms with high
efficiency [4-9]. Results of similar observations, but in an
electric field (by electrical compass method) also have
been published in paper [1]. The fact is known, that the
spatial charge is formed in ferroelectrics -
photoconductors, on boundaries of uniformly lightning
area. Change of spontaneous polarization of crystal Ps in a
place of lightning causes the appearance of depolarization
electric field E which can save it self long-lived time at the
low conductance of a crystal (in case of the mobility for
LiNbOs is approximately equal to  10™cm?s™.Vv* [13]).

This electric field strength is the magnitude of interatomic
interactions degree and, therefore, leads to deformations of
electronic configurations not only the impurity centers, but also
in atoms constituting this crystal structure. This consequence is
a result of observable changes of P; and 4n. The change Ps on
the other hand, causes the appearance of a depolarization
electric field. Due to a photoconduction this field is screened,
i.e. the electric field inside the light stain area will have zero
value at long enough time of lightning. At this moment the
guantity 4n can be calculated, as it has been done in paper [10].

Fig.1. a. The diffraction pattern, when effect on crystal it is not
observed yet;
b. Contortions of the diffraction strips in area light stain

In calculations by cluster method of electronic structure LiNbO;
it has been received the data on spontaneous polarization P
(0,77cm™®) [11], taking place in the consent with the
experimental results 0,71cm™ [12]. lonization or excitation of
an impurity increases its polarizability in two times and so the
ferroelectric impurity is polarized by a macroscopic field so the
dipole moment of an impurity changes also. The deformation
lattice near the impurity causes of the dipole moment change of
the impurity centre [17].
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Fig.2. Distribution 4n in the area of a light stain

In [10] the expression of distribution function P(r) is
obtained taking into consideration [18]. From this we have
the following expression

AP, ~ERN ey
dr

where f is the Lorentz factor; E=f P, is a macroscopic
field; o is a polarizability of an impurity; of P is change
of the dipole moment of an impurity. For the case ag<r,
(shallow impurities) f is equal to zero. Thus, quantity of
change 4P, and consequently 4n, are obtained by deep
levels. The macroscopic field leads to zero at the
homogeneous lightning of the short-circuited crystal. In
this case the change of n is caused by change of the
polarizability « of the impurity centers. The value A
depends on the optical polarization of the same impurity
atoms and the deformation area of the crystal. After
stopping of the lightning, because of relaxation process of
excited states of impurities, Ps returns to an initial
equilibrium value. However, 4n does not return to an
initial value. That means that the inducted field with very
large relaxation time appears in the earlier lightning area
(fig.3).
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Fig.3 Changes of a photoelectric of a short circuit in crystal
Fe: LiNbO;,

Time of scan of a signal is 250s. The first emission of a
signal corresponds to insert of light, second - to lockout.

The electric field at the non-homogeneous lightning (so it is
possible for itself to present a problem on distribution of light
on o a crystal taking into consideration of lightning and non-
lightning areas) is determined by concentration of free electrons.
It is necessary to take into account that concentration of free
electrons is, less, than the trapped electrons one. Thus, the
photoinduced field E is defined by the charge distribution on
traps and as follows from the above mentioned, leads to the
unreturning of 4n to the initial value after stopping of
lightning. On the other hand, the photoinduced field can be
obtained using the equivalent circuit:

where R is the loading resistor, R; in internal resistance of a
crystal (R.<<R), Us is a voltage drop on the loading resistor, I,
is the intensity light, impinging on a crystal, j is spatial
component of a current | , directed to normal to an face surface
of the plane-parallel plate thickness d, E; is photoinduced field
strange in the capacitor C. The induced field strange is
determined by charge density p on the capacitor plates which
have arisen as a result of lightning of a crystal by light, more

d dr
over d_p = j—oE, ois an admittance. As E = 2P , Where g -
t g

longitudinal component of dielectric constant, then we, taking

. . . . . &
into account the time of the dielectric relaxation t; = ——,
4ro
: Arj J
obtain —+—=-—_ It follows that E; =-— and
Ly 4

E(t)= E{l—exp(— tij] At t>> t, ] =-oF;. Here it is
d

possible to present o as the total of the some two contributions:

or - a photoconductivity and oy - eigen conductivity, more over

ot is not a small value in comparison with oy. Defining j as aGJ,

where « is an absorption constant; G is Glass coefficient and

o=aKJ where K; is a conductivity coefficient, we have:

and, if o >> oy, then E; is defined only by a material plate

G

———|. For Fe:LiNbO; the
Kf

values of Glass’s constants are given by the relation in [19]:

parameters, i.e. by the relation
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Gy ~Gi =2-4;G;, ~0.1-0.3;

Gy, ~0.1-0.5>> GlL5
At t<< ty and the minor current j, the charge separation
will be only because of photovoltaic field. In the case of
niobate lithium, it is necessary to take into account also,
that there is a dependence of cross spatial orientation of a

polar axis of the crystal C and the current j. The

quantity of a photorefraction field, estimated in the
experiment on LiNbOs, is equal to 850 V/cm. Also the
storage charge is equal to 4-10™2 Q, and field of a spatial
charge - 1800 V/cm. For Fe:LiNbO; value of
photorefraction field is equal to ~1.5-10*V/cm.

The solution of distribution problem of a spatial charge
and the field near the boundary of homogeneously lighted
area at the presence and absence of the external electric
field is well-known [1]. The size of area of a spatial charge
at presence of the external field E, is defined by following

expression:
2
2K )
eE,l,

where Ip is a screening distance of Debye which at
presence of the concentration traps N, is defined by the

&KT . kT
5 Under conditions E;, > —

47e"N elp
the character size of area of the spatial charge will be

_2kT
ek,

expression I =

|- o

47eN
N~10"cm?® the character size of area is approximately
equal 10cm that it is less, than the character size of area
of the non-homogeneous lightning, which is equal to the
wave length or more. It allows to use a quasi-neutrality
condition analyzing photorefraction effect at which it can
be proposed that local electron concentration is defined by
the light intensity in the given point (it usually means that
An connects with an intensity distribution weakly at the
enough strong lightning and is defined only by value of an
external field). The diffusion field appears usually at the
external field absence at the non-homogeneous lightning,
for example at recording holograms on LiNbO; in [15]. Its

For E,~10°V/cm and

expressed from.

kT
value is expressed by _L where L is a character length of light
e

intensity change, for example the character wave is defined by
the sinusoid wave length for the sinusoidal spatial distribution
of light intensity. It is confirmed by the experimental results on
hologram recording in which it is shown, that the first Fourier-

7KT

2
component value of a diffusion field is equal to (but only

it is of interest at calculations of the hologram diffraction
efficiency). This value is equal to 1.5-10%v/cm at room
temperature and A=10"cm.

In ref. [14] it is informed about investigations of temperature
and spectral dependences of photovoltaic current in
ferroelectrics, in LiNbO; particularly It has been shown, that a
photoconductivity and photovoltaic effect in LiNbO; are
connected to interband or impurity to band transitions. The
appearance of the photovoltaic current can be consequence of
volumetric photovoltaic effect in the homogeneous and
homogeneously lighted LiNbO; [19.] In this case the current
direction is defined by the axes direction of spontaneous
polarization, even in the absence of the electric field. At
ionization of the impurity centre in a polar crystal, as it is shown
in ref. [16], the free made electrons have a privaled velocity
direction on spontaneous polarization direction or against one,
i.e. the probability of the appearance of electrons as a result of
ionization, which has the velocity direction parallel to P, differs
from the probability of the appearance of the electron having an
opposite direction of velocity. It is connected with the distortion
of wave functions in an unsymmetrical field of the impurity
centre. The application of this model has difficulties because of
small carriers mobility in LiNbO3 (conductivity must have the
jump character), and the recombination time essentially exceeds
10® s, but quite agrees to Fe: LiNbO; in which the supplier of
electrons is the impurity atom Fe?" in a conduction band.

Thus, the expression for a current, determining the
volumetric photovoltaic effect j=cE+Ka® where K is the
proportional coefficient of spontaneous polarization P, « is an
absorption constant of light, is applicated completely in the case
of Fe: LiNbO; and if we use the results of ref. [20], then j will
explain the fact and character of changes of an absorption
constant completely. On the other hand, the presence of 90°-
phase shift between lattices at hologram recording on LiNbOs
[15] is a necessary condition of realization of the diffusion
mechanism of recording.
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Toalat R. Mehdiyev

LiNbO; —NiN OPTiK XASSOLORI

Temiz va 0.03%-li Fe-la asqarlanmis neobat litium kristallar Gzesrinde apariimis bazi optik tedgiqatlarin eksperimental
naticelarinin analizi verilmisdir. Bu maqals [20] — nin davamidir.

Tanart P. MexTuen

ONTUYECKHUE CBOMCTBA LiNbO,.

IIpuBeneH aHAM3 3KCIICPUMEHTAIBHBIX PE3YJIbTATOB HEKOTOPHIX ONTHYECKHMX MCCIICIOBAHHH, IMPOBEACHHBIX Ha KpUCTaJUIaX HHoOara
nutust auctoro u neruposanHoro 0,03% Fe. lannast my6nukanus ssisieTcst mpogonkeHneM cratou [20].
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