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Decay time of polaron photoluminescence in congruent lithium niobate

The intensity, the peak wavelength and the decay time of polaron photoluminescence in congruent lithium niobate are measured versus temperature from 77 K to 290 K. The radiative relaxation shows quasi athermal behaviour (τ R ≈ 9 µs) whereas the nonradiative relaxation follows arrhenius law with activation energy of 220 meV. The crossing point between radiative and nonradiative lifetimes is about 210 K.

1 Introduction Lithium niobate (LiNbO 3 , LN) is of great interest for optical applications owing to its large electro-optic and non linear optical coefficients. Several physical properties involved in device operation are sensitive to the concentration of point defects and to the chemical reduction degree of the material. In particular the defect structure of LiNbO 3 is attributed to the presence of Nb in the lithium site (so called niobium antisite). Niobium antisite defects Nb Li 5+ are able to trap an electron on an energy level below the conduction band, giving a small bound polaron Nb Li 4+ [1]. This defect plays a major role in light-induced phenomena (photoconductivity, light-induced absorption, photorefractive effect [2][3][4]. Previous studies show that excitation of congruent lithium niobate in the visible range always gives a photoluminescence (PL) band in the near infrared, which is attributed to polaron defects [5]. Recently the PL efficiency of congruent LN has been measured versus temperature under continuous wave excitation at 355 nm [START_REF] Harhira | Ferroelectrics[END_REF]. The main aim of the present work is to study the PL decay after short pulse excitation and to measure the relaxation time versus temperature.

2 Experimental conditions The sample was a parallelepipede of dimensions (xyz) 12×7×6 mm 3 cut from a nominally-pure, congruent LN crystal (X c = 48.6 %). For PL experiments the sample was inserted in a cryostat equipped with silica glass windows. The temperature of the crystal holder was controlled with a typical accuracy of 0.2 K. The excitation beam at 355 nm was obtained from a pulsed frequencytripled YAG:Nd laser. PL was collected at 90° from the incident light and was analyzed by a monochromator equipped with a 600 grooves/mm grating. The signal was detected by a near infrared photomultiplier tube cooled at 190 K. The PL time response is recorded using a boxcar signal averager, after excitation by 355 nm laser pulses of 30ns duration and 200 Hz repetition rate. The spectral response of the detection system was precisely calibrated with a tungsten-wire calibration source. For experiments below room temperature, the cryostat was first cooled down to 77 K then heated step by step up to 290 K.

3 Results and discussions 3.1 Spectroscopic study Figure 1 shows that the PL spectra can be resolved into two main peaks, centred at 1,30 eV ( 953 nm) and 1,48 eV ( 840 nm) at room-temperature. Both are wide and have gaussian shape. An additional weak peak appears at 1,69 eV (730 nm) on cooling. The sharp line at 1,16 eV (1065 nm) is a parasitic ray emitted by the laser source. Note that the shape of the PL spectra obtained in the present study is much simpler than in Ref. [START_REF] Harhira | Ferroelectrics[END_REF]. The shape previously reported therein was somewhat complicated by a wrong calibration of the spectrometer. The main gaussian peak (840 nm, 1.48 eV) is attributed to polaron defects. As shown by previous studies [4], it is usually strong in congruent LN and much weaker in stoichiometric LN. It appears for several excitation wavelength in the visible or UV ranges (633, 514 or 355 nm). It is significantly enhanced by chemical reduction. We shall deal only with this polaron band in what follows. At room temperature, the polaron band is broad, with FWHM (full width at half maximum) about 300 meV. The Polaron luminescence peak position, amplitude and FWHM are studied versus temperature (Figure 2). The peak position is weakly sensitive to temperature whereas the FWHM decreases on cooling. The integrated area gradually increases at decreasing temperature down to 200 K, and then reaches a quasi constant value below 150 K. This classical behaviour implies that different microscopic processes are involved in polaron relaxation: non radiative processes are more efficient at room temperature, whereas radiative relaxation prevails below 150 K. Figure 5 shows that τ (1/T) exhibits an arrhenius-type behaviour similar to PL emission. One can write: with a radiative lifetime τ R practically athermal and a nonradiative lifetime τ NR (T) having the same activation energy as the PL emission within experimental accuracy (0.22 ± 0,03 eV). According to Fig. 5 the crossing point between τ R and τ NR occurs at ~ 210 K. The quantum yield (number of emitted photons divided by number of absorbed photons) is given by:
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At low temperature η tends to unity and the PL emission reaches a constant value as observed in Fig. 3.

The PL emission rate (photons per second) can be expressed by:
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Where η is the quantum yield were above defined, N a the concentration of absorbing centres, V the illuminated volume of the sample, a p S the absorption section of the polaron defect at the incident wave- length and I the incident intensity. The saturation observed in Fig. 3 at low temperature shows that the absorption cross section is not sensitive to temperature at least below 150 K.

Conclusion

The decay time of polaron photoluminescence in lithium niobate follows classical behaviour versus temperature, with nonradiative relaxation processes prevailing at room temperature (τ NR ≈ 0.43 µs at 290 K), whereas the radiative lifetime is practically athermal (τ R ≈ 9 µs). This lifetime that corresponds to the intrinsic relaxation of the polaron defect has of course nothing to do with the lifetime of the polaron defect itself (i.e. the average time required for bipolaron recombination or for electron tunneling from antisite to a deep centre), that exceeds τ R by at least two order of magnitudes and largely depends on the deep level concentration, the Li/Nb ratio or the chemical reduction degree [4,5]. Forthcoming studies of the PL time response in various LN materials (Fe-doped, stoichiometric, chemicallyreduced) will be necessary to check whether polaron relaxation behaves the same way regardless to the nature and concentration of antisite and other defects. Moreover, a comparison of the relaxation times of photoluminescence and photoconductivity should be of great interest for a better understanding of the role played by small polarons in photoconduction.
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 1 Fig. 1 Fitting of photoluminescence spectra at RT by gaussian peaks.
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 2 Fig. 2 Temperature dependence of (a) the PL peak, (b) the amplitude intensity and (c) FWHM (full width at half maximum).
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 3 Figure 3 displays the integrated area of the polaron band versus reciprocal temperature. It follows a Boltzman law with an activation energy of about 0.22 ± 0.03 eV.
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 3 Fig. 3 Integrated area of the polaron band versus reciprocal temperature.
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 2 Time-resolved experiments A typical PL time response under pulsed laser excitation is shown in Fig. 4. It can be well fitted by a biexponential function at any PL emission wavelength: τ the decay time of the first PL peak at 1.48 eV attributed to polaron defects, τ' the decay time of the second peak centred at 1.30 eV. A, A', τ and τ' can be obtained by fitting the time response with Eq. (1) versus λ. At T = 290 K and λ = 860 nm (1.44 eV), the fitting values are τ ≈ 0.42 µs, τ' ≈ 1.52 µs. The biexponentional response prooves that the two PL peaks come from two different defects. We observed that both τ and τ' slightly depend on λ. Here we focuse on the temperature dependence of polaron PL decay time τ measured at λ = 860 nm.

Fig. 4 (

 4 Fig. 4 (left) Logarithmic plot of photoluminescence decay curve at 80 K and 860 nm.
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 5 Fig. 5 (right) Temperature dependence of photoluminescence decay rate.