L Lengaigne 
  
W Gauthier-Manuel 
  
S Daniau 
  
J M Triscone 
  
Hauden 
  
E Courjon 
  
N Bodin 
  
G Lengaigne 
  
L Gauthier Manuel 
  
W Daniau 
  
S Ballandras 
  
P Paruch 
  
J Hauden 
  
  
  
  
Fabrication of periodically polled domains transducers on liNbO3

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

INTRODUCTION

The possibility to manufacture elastic wave-guide based on a thin ferroelectrics film deposited on a single crystal substrate and periodically poled to enable the excitation of surface acoustic wave has been demonstrated recently [1,[START_REF] Sarin Kumar | A High Frequency Surface Acoustic Wave Device Based on Thin Film Piezoelectric Inter-digital Transducers[END_REF].

The so-called piezoelectric inter-digital transducer (PIT) simply consists in two electrically conductive media embracing a poled ferroelectrics layer. It has been successfully implemented and tested for the excitation of elliptically polarized waves in the frequency range 1-3 GHz [START_REF] Sarin Kumar | A High Frequency Surface Acoustic Wave Device Based on Thin Film Piezoelectric Inter-digital Transducers[END_REF].

In this work, the possibility to develop PITs on LiNb03 is investigated, since this material is classically identified as well-adapted for very high frequency applications. The first experiments have been performed on 500µm thick 3" wafers of optical quality Z-cut answering severe specification on total thickness variation and side parallelism. The fabrication of PITs on such wafers allows for the excitation of symmetrical Lamb modes with an operating frequency twice higher than those obtained using standard inter-digital transducers. A photo-resist pattern is defined on one side of the wafer, enabling the implementation of a poling process using a liquid electrode. A poling sequence [START_REF] Myers | Quasi-phase-matched optical parametric oscillatorJOSA B[END_REF] III.

EXPERIMENT AL RESULTS

In this section, we present the electrical measurements obtained using a Suss Microtec RF probing bench using the We have no explanation to propose for that result, since all the transducers were processed at the same time. Vi. g
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Z-within the period), the longitudinal bulk wave and its odd harmonics (see the contribution at 21 MHz on fig. 5a) can be weakly excited. This was simulated for the lOOµm period device and is reported in fig. 6. 

  Figure 1. Typical geometry of piezoelectric interdigited transducer (PIT) based on fe rroelectric poling As mentioned in introduction, the poling process can be rather easily applied to PZT for which the coercitive field is small enough to allow for an efficient control of the domain polarity. In the case of lithium niobate, this situation is quite different because of the large value of its coercitive field (22 MV.m-1 compared to 2.5 MV.m-1 max. for PZT). As a consequence, the development of a dedicated poling bench was required to control the poling of thick (500µm) Z-cut LiNb03 plates. This is detailed in ref. [3]. Consequently, only a short recall of the bench principle is reported below. The poling bench mainly consists in a high voltage amplifier used to submit the LiNb03 wafer to an electric field strong enough to invert the native poling of the plate. To achieve such an operation, one needs the use of optical grade Z-cut LiNb03 plates. Wafers are cut in the same boule to well control the poling condition. A photoresist mask is achieved atop one wafer surface, which will control the poling location. An lithium chloride electrolyte is used to drive the poling high voltage atop the wafer surfaces. A dynamic poling sequence is then imposed to the wafer, progressively reaching the coercitive field of lithium niobate. An evidence of succesfull poling is obtained by measuring the current of the whole electrical system. Once evidence of transient current measured, the device is considered to be poled. Following this sequence, and providing no short circuit occurs, an almost perfect poling can be achieved. Figure 2 shows a principle scheme of the poling bench.
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 234 Figure 2. Scheme of the ferroelectric plate poling bench

  so-called Z-probes connected to a Rhode & Schwarz ZVRC network analyzer. The electrical admittances of the test devices have been measured and are compared to the harmonic admittance of the corresponding configuration. These results are reported in fig. 5(a,b,c) for the three considered configurations. In fig.Sc, we have reported the response of an un-poled device, as only the bulk wave signature and its odd harmonics appears on the experiments.
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 5 Figure 5. Comparison between theory and experiment for the three test vehicles (a) periodp=IOOµm (b) p=200µm (c) p=400µm (poling failed) We have related the contribution on the experimental curves near 7 MHz of fig 5a&b to parasitic bulk waves due to the actual volume fraction of positively and negatively poled domains of the period. In the case the volume fraction
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 6 Figure 6. Infl uence of a volume fraction defect on the transducer response ( 40/60% instead of 50% as expected) Thanks to the very good agreement between theory and experiments on fig 5a&b, one can easily identify the shape of the mode of the different Lamb-wave contributions, allowing to select one of those for its particular properties and polarization. Fig.7 (a,b,c) shows some examples of modes excited in the plate for a 200µm period transducer. It can be seen on these graphs that elliptically polarized modes as well as almost purely longitudinal waves can be excited in the plate thanks to our PIT.
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 7 Figure 7. Shape of given modes of the IOOµm period transducer (fi g. Sb) (a) fundamental at 19 MHz (b) mode#6 at 28 MHz (c) mode#8 at 34 MHzThe last experimental work that has been achieved for this paper is to test the robustness of the polarization to lapping and polishing techniques. These operations are required in order to fabricate LiNb03/Silicon wave-guides, as expected as a future issue of our work. We consequently have lapped down the plate to a thickness of 250µm and then achieved new admittance measurements. Again, the very nice theory/experiment agreement is met as shown in fig.8, proving that the poling is strong enough to persist even after such treatments.
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 8 Figure 8. Theory/experiment assessement after lapping the plate down to 250µm, 200 µm period PIT
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