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The “steady-state” non-linear optic polarization arising in lithium sul-
phate monohydrate crystals under the influence of the short pulse laser ir-
radiation has been investigated in the temperature range of 95-305 K. The
reversal of the sign of the components of the generalised non-linear suscep-
tibility tensor y has been found at about 105 K. The change of the photore-
sponse kinetics and a drastic temperature dependence of the components
Xijk in the temperature range of 95-105 K, as well as the change of the
spectral dependence of the photoresponse were observed.

PACS numbers: 42.65.-k, 72.40.+w, 77.70.4a, 77.80.—¢

1. Introduction

Lithium sulphate monohydrate (LSM) is a well-known pyroelectric crys-
tal [1]. At room temperature the crystal is monoclinic and belongs to the point
symmetry group 2. An interesting feature of LSM is the change of the pyroelectric
coefficient sign at about 100 K [2-4]. A similar phenomenon was also observed in
many other ferro- and pyroelectric crystals, e.g. in tourmaline (12-21 K), triglycine
sulphate (5 K), lithium niobate (11 K). However, in LSM it is observed at a much
higher temperature (100-110 K) [5].

Lang [3] proposed an interpretation of this sign reversal. It is well known
that the pyroelectric effect at constant stress is a composition of the primary
effect (i.e. pyroelectric effect at constant strain) and the piezoelectric effect due to
the thermal strain. Lang calculated the primary and secondary coefficients over
the temperature range of 4.2-320 K. These coefficients cancel each other at about
106 K, which results in a reversal of the total pyroelectric coefficient sign.
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The temperature dependences of the pyroelectric coefficient and of the spon-
taneous polarization have been investigated by Gavrilova et al. [4]. In this exper-
iment an appearance of spontaneous polarization components along directions z
and z has been observed below 110 K. On the basis of these results a polar phase
— polar phase transition connected with the alteration of water molecule state has
been proposed. The neutron diffraction structural study performed at 298, 80,
and 20 K showed the rotations and changes of the values of the dipole moments,
see [6, 7].

To get additional information about properties of the LSM crystal we have
carried out the measurements of the photoresponse due to the appearance of
non-linear polarization of medium on “zero” frequency [8-13].

The generalized non-linear polarization of the second order 7% can be de-
scribed by the generalized non-linear susceptibility tensor y

w0 = o U B B 1)
where E¢ are the projections of the Fourier components of the electric field vector
of the optical wave. In general, the tensor components y;;; are complex numbers.
This tensor describes the effect of optical rectification (OR) [8, 9], Glass current
(GC) [10, 11], excited states dipole effect (EDE) [12, 13].

2. Experimental method

LSM single crystals were grown from saturated water solution of lithium
sulphate by the slow evaporation method at the constant temperature of 303 K.
The samples were cut out along the crystallophysical axes z, y (polar axis), z.

We used a Q-switched YAG: Nd3t laser as the radiation source, the wave-
lengths being 1.06 ym (main mode), 0.53 pm and 0.35 pm (the second and third
harmonic, respectively). The duration of the first harmonic was 15 ns.

The samples under investigation were placed into a capacitor-type registra-
tion system. The pulse voltage appearing on capacitor during the passage of light
pulse was measured. Time resolution of the registration system was about 1079 s.

The use of a cryostat allowed us to perform the measurements in the tem-
perature range from 95 K to 305 K.

3. Results

We have investigated kinetics of the photoresponse along axes z, y, z for the
wavelengths of 1.06, 0.53, 0.35 pm at different polarizations of the laser beam and
over the temperature range of 95-305 K. At room temperature the photoresponse
was observed only for A = 1.06 ym due to little power of higher harmonics. Its
amplitude dependence on the laser beam intensity was linear up to 10° W/cm?.

The photoresponse along y axis is represented in Fig. la for the time interval
of 0-35 ns and in Fig. 2 (0.1-4 us). Tts leading edge was 60 ns, followed by the ex-
ponential decay with a characteristic time of 5 ps; on which the piezoelectric signal
with a period of 1 ps was superimposed (see Fig. 2). The amplitude of photore-
sponse was slightly dependent on the laser beam polarization. The photoresponse
along « and z axes had similar kinetics, its amplitude being nearly one-half of that
in the y direction.
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Fig. 1. The photoresponse along the y axis: ¢ — room temperature, b — 100 K.
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Fig. 2. Piezoelectric signal.
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Fig. 3. The temperature dependence of the photoresponse amplitude at A = 1.06 pm
along the y- (a) and z-axes (b).
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The temperature dependences of the photoresponse amplitude at A = 1.06 ym
along y (Fig. 3a) and z (Fig. 3b) axes were measured. It was found that the signal
changed the sign at the critical temperature 7, =~ 105 K, and its amplitude in-
creased drastically below this point. At 95 K the effective value of y322 was about
—5.3x1071% m/V in contrast to 1.8 x 1071 m/V at room temperature. Moreover,
the photoresponse kinetics has changed (see Fig. 1), in particular, the leading edge
was about 25 ns at 95 K in contrary to 60 ns at room temperature.

At 95 K the photoresponse along y axis appears for A = 0.53 um, which
indicates that the corresponding components of the non-linear susceptibility tensor
are about 5 times greater at this wavelength than at 1.06 pm.

4. Discussion and conclusions

In contrast to the stationary mode of excitation, at the pulse mode various
effects could give a contribution into the photoresponse: optical rectification [8, 9],
Glass current [10, 11], excited states dipole effect [12, 13], pyro- and piezoelectric
effects. So, the problem of separation of different contributions arises. At the same
time, using the short pulse excitation mode and the investigation of the photore-
sponse kinetics with a high time resolution allow us to separate contributions of
different effects [14].

Firstly, the piezoelectric effect arises with a delay of hundreds nanoseconds
with respect to the laser pulse and its period depends on a size of the crystal. This
effect is known to be due to the thermoelastic blow [15].

Secondly, although the pyroelectric coefficient changes the sign at 105 K [4],
its temperature dependence is quite different from the temperature dependence of
the photoresponse observed in our experiments. The following features also allow
one to distinguish the contribution of non-linear polarization and pyroelectric effect
to photoresponse:

o Coeflicients, responsible for the photoresponse, increase by five times with
decreasing wavelength from 1.06 ym to 0.53 pm (at 95 K) (the pyroeffect
has an opposite spectral dependence);

e The amplitude of the photoresponse depends on the laser beam polarization.

The temperature dependence of the dielectric constant £ obtained in [16] shows
that the change of ¢ is so insignificant that it cannot explain the photoresponse
sign reversal in this temperature range.

So, the photoresponse is connected with the appearance of the non-linear
polarization of the second order and can only be due to OR, GC or EDE effects.
As it was mentioned above, we can describe their contribution by the generalized
non-linear susceptibility tensor of the third rank y. For GC effects the arising
of free carriers under the influence of laser radiation is necessary, which seems
improbable for the used wavelengths.

A most likely appearance of the non-linear polarization is due to the excited
states dipole effect related to the dipoles moments of sulphate ions and water
molecules. The neutron diffraction investigations confirm the temperature change
of the relative position of these dipoles [4]. This supposition is also supported
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by a correlation of the photoresponse amplitude with the presence of H impurity
in LilO3 crystals [17]. In contrast to the paper [17], where H impurities were
contamination and the photoresponse amplitude was of the order of 5-10 mV, in
the LSM crystals the localization of water molecules in the crystal lattice results
in a much higher photoresponse amplitude.

The drastic temperature dependence of the tensor components y;;; in the
temperature range of 95-105 K with the sign reversal at T, ~ 105 K, as well as
the change of the kinetics and of the spectral dependence of the photoresponse,
may be connected with the phase transition suggested previously in [4].
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