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[bookmark: _Toc139102327]Summary of the Research Project
Based on initial investigations on Love wave Surface Acoustic Wave (SAW) sensors in the first funding period of the CRC 1261 under project A3, the new project A9 on SAW sensors was started in the second funding period, which includes two parts: (1) SAW sensors based on quartz single crystals (SC SAW) and (2) based on AlScN layers on Si wafers (Thin Film SAW). The two parts are closely related, since processing and material selection for the interdigital transducer electrodes, the guiding, and the magnetic layer systems are done in a comparable way. Both concepts use the E-effect in magnetostrictive layer systems as the sensing mechanism. These sensors use shear horizontal acoustic surface waves that are guided by a guiding layer (Love waves) with an amorphous magnetostrictive layer system on top. The velocity of these waves follows the magnetoelastically-induced changes of the shear modulus according to the magnetic field present. The delay line operation of the SAW sensor translates these changes into a phase shift.
In the current second funding period, in case of the SC SAW sensors a number of design parameters have been investigated for their influence with respect to the achieved limit of detection (LOD). The best results were achieved with the employment of exchanged biased magnetostrictive layers, since this significantly suppressed the noise caused by magnetic domains without compromising the sensitivity. The achieved LODs are 28 pT/Hz1/2 at 10 Hz and 10 pT/Hz1/2 at 100 Hz, which corresponds to an improvement of approximately a factor of 8 compared to the values at the beginning of the funding period. The work of this funding period will be focused on a further improvement of the sensor’s performance by (1) systematic investigations of the use of ferroelectric crystals (instead of quartz), which allows, e.g., a wide range in the variation of the operational frequency, and (2) the investigation on specially designed exchanged biased magnetostrictive layers, which allow the operation of these sensors without a magnetic bias field.
For thin film SAW sensors, the c-axis oriented growth of the AlScN acoustic layer on Si(100), SiO2 and sapphire was first investigated in the 2nd funding period. It was found that the use of an AlN seed layer significantly increased the layer growth (c-axis quality, piezo-acoustic coupling) even for Sc concentrations > 30% and thus improved the acoustic quality. Accordingly fabricated acoustical layers were then investigated in different layer stacks for thin film SAW sensors, with first measurements already showing a sensitivity of 1000°/mT and a LOD of 72 pT/√Hz at 10 kHz. Design studies of layer stacks and IDT apertures have been performed, and the corresponding devices are being fabricated. To increase sensitivity and suppress noise, the use of phononic crystals in the delay line of a SAW was modeled. Aspects of patterning and integration of such acoustic quasicrystals have been investigated. Work in this funding period will focus on measures to improve sensitivity and LOD of thin film SAW sensors. To this end, the concept of phononic crystals in the delay line is further investigated. Next, the substrate losses (clamping and energy dissipation) and their reduction are studied. To increase the amplitude of shear waves in thin film SAWs, growth of AlScN with inclined c-axis on sapphire is explored.
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