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1. Introduction

In noncentrosymmetric crystals, at their homogeneous illumi-
nation, there arises a steady-state current [1] . According to
the phenomenological theory [2] , the expression for the pﬂoto-
voltaic current density has the form: ,

jL=PaneEnE:*LXie[EE*]g; )

where € , Ep are the components of the electric field of
light wave, Pi.ne and ).p &are the components of the symmeiric
third-rank tensor and the second-rank pseudotensor, respectively.
The first teim in this expression connects the photovéltaic cur-
rent density to the field of linearly polarized wave, and is
called} "linear photovoltaic current”. The second terjn is nonva-
nishing for elliptically polarized wave only, and :Ls( oaj.led
“circular photovoltaic cu:rrex'lt".
| in Liffaoazrc, LiHbO3:Pe and Lm03=cu crystals, which belong

to 3m point group, the third-rank tensor, ﬁi.ne » has four
independent components:_ 933' ’ 931 ’ 922 and Pfs . In this



work we have presented resulis of the measurement of «ll the
four independent components of the linear photovoltaic effect ir
doped L:i.'l‘e.O3 and LiNbO3 crystals. The measurements were done
using the technique suggested in [4] and deacribed in [5,6] .
The task was as follows: to clarify the influence of differ-
ent admixtureas in LiNbO3 and LiTa03 crystals on the nature of
the currents determined by the 53155 component. By measuiing
the angular dependence of the current determined by this compo-
nent in the LiNb03:Cu crystal, there was found that the shape
of the curve did not coincide with that theoretically predicted.
In this connection here we present results of a series of expe-
riments which were performed with the aim to find out the reason
of discrepancy with theory. On the basis of obtained results
we have made an agsumption about the relation of this phenomenon
to breaking of crystal uniaxiality.

2. Experiment

The experimental arrangement for photovoltaic current mea~
surements is shown in Fig.1. A 1 kW xenon lamp (L) was used as
a source of light. The light was monochromated by means of a
C®P -26 spectrometer (M), then polarized by a polarizer (P),and
by means of a lens system (1) was focused on the crystal. The
crystal was fastened on a measuring head (Fig.2) which could be
turned independently in two mutually perpendicular planeé with
the help of a remote control. The head with the sample, in turn
was placed in a shielded vessel. The}contacts were made by va-
cuum deposition of silver. The photovoltaic curreant was measurec

by an electrometer (El). The samples were oriented with respect



to crystallographic axes up to 10 angular minutes by means of
X-ray diffraction. All the results obtained were corrected with
regard to the absorption and non-uniformity of the crystal illu-
mination according to the technique proposed in Ref. [3] . The
method proposed earlier in [4] wes used in the present work to
measure the currents determined by the 9185 conponexit. The
essence of the method is the following: if the XOY face of the
crystal is exposed to the light wave incident at a certain angle
in the X0Z plane and polarized in the same plane (Pig.3), then
only the oxtreordinary wave will propagate in the crystal, with
nongero componcnts of its electric field vector along both X and
L axes. The photovoltaic current along the X axis will contain
a spatially uniform component which 1s defined by the expression:

jx= B IV sin 2d, - (2)
. |
IY=1(31-Ry)
R = tg® (¢ °-ol)
S PR C AR L

.ol = si,n-1 [(sin do)/ne]

and ] is the intemsity of ‘incident light, I ® is the intensity
of light in the semple, o° is the angle of inocidence, & 1is

the angle between the light propagation direction and the Z axis
in the semple, R 1s the Presnsl reflectivity of the sample face.
To messure the angular dependence of nhatovoltaic current dmi;-
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ty, jx , the measuring head was rotated in the X0Z plane. The
measurement accuracy of the ratio of photovoltaic current to in-
tensity was estimated no better than +13%.

3. Experimental Reaults and Discussion

8 s ‘
3.1. Measurement of the @, FPhotovoltaic Tensor Component
in LiTa0y:Pe Crystal. .

The experimental investigation was caxrried out on Li'.EaO3:Fe
samples (0.038 wt %) which had a parallelepiped form with sizes
X:¥:Z = 2,75:4.8:4.25 mm>. Three of the nine polarization de-
pendences of photovoltaic current density for photon energy of
exciting light 2.6 eV are preseuted in Pig.4. These dependences
sgres perfectly well with the theorstical predictions following
from equation (1), which allows to calculate the values of P” ’
Psg and Pao - ’ ¥

The angnlar dependence of photovoltaio cwrrent density along
the X axis is shown in Pig.4b. It also fits well Eq.(2). When
turning the sample around the X axis by 180°, the current de-
termined by the 9195 component changes its sign, this also
being in agreement with the proposed model. The values of p,ss
were calculated from the slopes of angular dnpendonoo of ]
according to Bq.(2).

The spectra of photovoltalc tensor components are shown in
Fig.5. When comparing the results obtained, one may notice that
all the components grow with increasing photon emergy of inci-
dent light. A characteristic feature of B, , Py, &nd o
gpectra is the presence of a shoulder in the energy range from
2.1 eV to 2.7 eV. To make possible a more detailed analysis,



' the constants Paz » Pop 8nd pfs were normalized to P, , as
the spectrum of p31 contains no sharp features. It can be seen
from Fig.6 that the ratio @, / Pj, depends on the quantum
energy least of all (is independent of the quantum energy with
an accuracy up to 35%). From Fig.6 one also can see an obvious
correlation between thé spectral dependences for, 922 / 931 and

9155 / £s, . The curves qualitatively recur in shape. The
maxima and minima occur for both curves at nearly the same photon
energies. Such a correlation allows to asasume that the linear
photovoltaic currents propégating in the direction normal to c
axis in LiTa03':Fe arigse due to the photoexcitation of carriers

from the same admixture or defect centers.

s .
3.2. Measurement of 5315 Photovoltaic Tensor Component

in Lm03:Fe Crystals.

- The measurements were carried out on Li NbOB:Fe samples
(0.03 wt %) which had a& parallelepiped form with sizes X:Y:Z =
= 4,2:5.2:1.7 mm>, The polarization dependences in these crys-
tals as well as in L1T303:Fe crystals agree perfectly well with
the theoretically predicted dependences. The angular dependence
of photovoltaic current along the X axis also fits Eq.(2) per-
fectly well. And like in the case with Li'l‘ao3:Fe crystals,
according to the cited model, when turning the sample around the
Z axis by 180°, the current determined by P:s component changes
its aign.
| The spectral dependences of linear photovoltalc tensor com-
ponents are shown in Pig.7. Comparing the results, one can no-
tice that the spectra of 9?5 correlate with those of §,.. ,

fgy and Pre , all the components grow with increasing photon
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energy, and a.f eneirgies higher than 3 eV there 1is obaernd a:;gnt_-g
- off in all the curves. Issuing from the aforesaid, ome can cén- |
clude that the na.fura of the centers determining the photovoltaic
currents, which :I.s connected with all the four components, is

the aano.

3.3, Ieuurenent of ? 5 Photovoltaic Tensor Component
in LﬂbOB:Cu. )

The measurements were carried out on Lilb03: Cu samples
(0.1 and 0.03 wt %) which had a parallelepiped form with sizes
X:Y:Z = 2.1:4.6:(1.1 - 4,3) ma>, The polarization dependences
of the photovolfaic currents which are determined by $oo * 931
and 933 components in this orystal agree with theoretical pre-
dictions. The spectral dependences of these components, which
are shown in Fig.8, also are in a_gre’ucnt with the known data [3].

However the angular dependence of photovoltaic current J X
which is determined by 9‘55 component, differs from the depend-
ence described by expression (2) as well as from the resulis
which were obtained using LiTa0,:Fe and LiNb0,:Pe orystals [5,6].
This dependence is shown in Fig.9. When the angle of inclination
o/ 1is changed from -10° to +10°, the curve is growing, but
near 02 it beginm to oscillate. The frequency of oscillations
depend:s on photon energy very faintly. When the energy of pﬁo- '
tons increases from 2 eV to 4 eV, the frequency of oscillations
decreases by a factor of 1.5. The amplitude of oaciiiation- de~
pends linearly on the light intensity. When turning the sample
around the Z axis by 180°, the curremt j, changes its sign,
and the oscillations on tho ansular dependence presexrve too.
To check up these ruulta, we made samples with different’ di-in-



sions from different parts of the single crystal, and also made |
samples from the single crystal with Cu concentration 0.3 wt %.
The external view of obtained angular dependences of j, did not
change..But in the case with samples with highex concentration
of admixture the rrequen;y of oscillations increased.

The investigation of conoscopic figures has shown that in
the regions along X-cuts the samples have a considerable biaxi-
ality, while in the middle'part the crystal is strictly uniaxial
(Fig.10). To remove the residual stress which is possible during
crystals processing and which perhaps is the cause of deflection
from uniaxiality, the samples were annealed during 20 minutes
in a H, atmosphere at 700°C. After annealing almost the whole
volume of the samples have got uniaxiality. The angular depend-
ences jx changed after annealing, and these dependences in some
samples fitted Eq.(2). The results of measurements have shown
that in the crystal LiNbO,:Cu (0.1 wt %) the component 9155 =
= 6.9 ° 10~2 v~ gor photon energy of exciting light 2.6 eV,

. Thus we have mede an assumption that the cited phenomenon
is the result of crystal uniaxiality breaking. The nature of
this phenomenoﬁ can be assessed more precisély with the use of

additional experiments.

In conclusioq the author would like to express his gratitude
to Dr S.0doulov and Dr V.Obuhovsky for the discussion of the
results, and to Dr I.Kiseleva and Dr K.Belabaev for growing and
preparation of crystals. .
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Fig.1.

Fig.2.

Fig.3.
Fig.4.

Fig.5.

Fig.6.

Fig.T.

Fig.8.

Fig.9.

Fig.10.

Figure Captions

The scheme of experimental arrangement for photovoltaic
current measurements.

Schematic representation of measuring head: leasuring
head (A) with crystal (B) inside can be turmed around
two axes as shown Ly arrows.

Experimental geometry for 9?5 measurement.

(a) - Photovoltaic current density versus polarization
angle at 2.6 eV. Solid 1lines represent the best fit to
calculated dependences. jx/I =-B,, 5in 26 ,
jy/1= Pgp cos 28 and .‘\z/lzpaﬁ(Paa—Pm)cosaa .
In each curve 8 is the angle between polarization
vector and crystallographic axis. (b) - Angular depend-
ence of photovoltaic current density jx for photon
energy 2.6 eV in LiTa04:Fe (0.038 wt %).

Spectra of photovoltaic tensor components for

LiTa04:Fe (0.038 wt %).

Spectra of photovoltailc ﬁensor component ratios in
LiTa03:Pe (0.038 wt %).

Spectra of photholtaic tensor components for
LiNbO3:Fe (0.03 wf %) .

Spectra of Pa1 ’ 5333 and 922 photovoltaic tensor
components for LiNbO,:Cu (0.1 wt %).

Angular dependence of photovoltaic current density Jx
for photon energy 2.6 eV in _Lnu}o3=0u (0.1 wt %).
Conoscopic figures observed in LiNbOB:Cu prior to

annealing.

21



Te

2.

3.

4.

5.

REFERENCES

Glass A.M., von der Linde D., Negran T.Jf Appl .Phys.Lett.,
1974, V.25, P.233. ‘

Belinicher V.I., Sturman B.I. Sov.Phys.Uspekhi, 1980, V.23, .
P.199.

Festl H.G., Hertel P., Kraetzig E., von Baltz R. Phys.
status solidi B, 1982, V.113, P.157. |

Avakian E.M., Belabaev K.G., Kiseleva I.N., ddoulo'v’ SeGoe,
Renkachishskaya E.I. Ukr.fiz.Zh., 1984, V.29, P,790.
Karabekian S.I. Soviet Solid State.Phys., 1991, V.33, P.633.
Karabekian S.I., Odoulov S.G. Phya;status'aolidi B, 1992.
v.169, P.529.

The manuscript was received 20 Fqbfuary 1992

22,



The address for raqmests:

Information Depastument
Yerevan Physics lnstilnie
Alikhanian Brefhers 2,
ivdrevan, 375006

Armenia,

B IPVMBCHMX KPMCTARERAX ll-"! -w,
(na aramlickon fauxe, nepenux Acsamsm 3.i.)

Pezaxrop d.il.lyxasn
Texnnvyeckmii pezaxrop 4i.C.AOpSssE

Hommcaso B nevars2/IX-5 dopuar 83x84/16
Ojcernas Neuarh.Ju.NsA.a.L.0 Tapax IIC ax3. L.Dx.
3ag.run.P 49 A ' KBASXC 3649

Orneyarano B Epeiam MINNSIRGNE RECTRTYTO
3peBad 36, yi.pparses Amccansn,d



HHAEKC 384




