FERROELASTIC-FERROELECTRIC COUPLING IN A CRYSTAL WITH TETRAGONAL TUNGSTEN BRONZE STRUCTURE

es(Pb i KNb , O i,J = 61 x 10-4 ) _ making it difficult to switch between two ferroelast1c states and also to the related high Curie temperatures (Tc (PbNb i o , J = 843 K ;_ Tc(P b iK Nb ,oiv = 68 � K). The r � sult 1s that the sw1tchmg fields requ1red are h1gher than the breakdown field of the material.

We have thought that this coupling could be facilitated by lowering of the Curie temperature and to this purpose we set out to replace niobium by tantalum which greatly diminished T c . 6 • 7 We then studied the Pb 2 K Nb 5 0 15 -Pb 2 KTa 5 0 15 system. Introduction of tantalum brings down progressively the orthorhombic distortion, therefore the spon taneous strain and the Curie temperature (Figure 2). Tuen we set out to prove the existence of the ferroelastic-ferroelectric coupling in single crystals of lead potassium niobate tantalate. We selected the initial ratio Ta/Nb = 4 corresponding to a Curie te!llperature of 353 K and a low spontaneous strain The temperature dependence of the spontaneous polarization was determined by integrating the pyroelectric coefficient (Figure 4 ). The birefringence !!,,,n a b is decreasing sharply as the temperature rises. The vanishing of !!,,,n ab • and then of the orthorhom bic symmetry, at 658 K coïncides to the slight peak of e; at the same temperature.

The tests of non-linear optical carried out on ground crystals, in the paraelectric region, showed the absence of a second harmonie generation and led us to adopt the centrosymmetric point group mmm for the ferroelastic phase and 4/mmm for the paraelastic phase.

The results of x-ray, dielectric, pyroelectric, bire fringence and non-linear optical measurements indicate the f ollowing sequence of transitions: {ferr:::tic � { f err:::tic � f pa��:::c ferroelectric paraelectric 'araelectric

The relatively low values of the ferroelectric Curie temperature (T c = 3 71 K) and of the spontaneous strain ( e,< 293K = 8 x 10-4 ) led us to expect a ferro elastic-f erroelectric coupling with applied electric fields lower than the breakdown field of the material. Therefore we carried out an examination under polarized light of a crystal showing initially a multidomain structure. The application of an electric field in the (010) direction implies a 90 ° rotation of some domains; at the final stage of the operation the crystal becomes a single domain with its polarization axis parallel to the field along the [010) direction.

We have demonstrated also that the [010] polari zation could be subsequently changed to the [ 100) direction by the application of a field of 7 kV cm-• between freshly applied electrodes.

These experiments prove that the ferroelastic ferroelectric properties are partially coupled. Our present objective is to prepare good quality crystals with the smallest possible coupling fields and switching times for eventual application as optical windows or optical memories. 8 
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 142 FIGURE 1 Natures of spontaneous strains and polarizations in crystalline phases with tetragonal tungsten bronze structure (slight orthorhombic distortion). of the polarization vector bas been observed at room temperature. 4 • 5 This may be due to a strong spontaneous strain at 293 K (e,(PbNb , o , = 87 x 10-4 ;

  (e, = 4 X 10-4 ),The melting point of Pb 2 KNbTa 4 0 15 was deter mined by OTA (t M = 1580 ± 20 °C). It was there fore necessary to use the flux technique for growing such crystals to reduce the Joss of volatile oxides by lowering the crystallization temperature. A mixture of lead and potassium borates was chosen as flux.The crystals obtained have the form of transpa rent platelets of about 1 x 1 x 3 mm 3 • Their compo sition was determined by atomic absorption: Pb 2 • 07 K 0 • 57 Nb 0 _ 91 Ta 4 • 15 0 15 • X-ray analysis has shown that crystals grow in the [001] direction and crystallize at 293 K in the orthorhombic system (mm2).
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 32 Figure 3 shows the temperature dependence of the real parts of the dielectric constants e; 22 and e;11 measured in the direc � ions [ 01 ? ) and [ 001]. e; 2 , changes abruptly, reachmg a maximum of 13,500 at T max = 371 K. Two weak peaks were observed in the variation of e; , one at 3 71 K and the other at 658 K.
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 34 FIGURE 3 Variation of the dielectric constants e�,, and e:" with temperature.