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Abstract

Due to its characteristics of small size, high accuracy and wireless passive
detection, resonator-type surface acoustic wave sensors (RSAWS) are suitable for the
applications of temperature, pressure, vibration, humidity, strain sensing in inaccessible
regions and rotatable components. For now, the operating frequency of most RSAWS
are on P band, which results in a large dimension and low sensitivity relatively. To meet
the requirememts of wireless sensor networks in micro and passive device, it’s
necessary to study the design and fabrication of RSAWS with high operating frequency
and sub-micro feature size.

Firstly, this paper expounded the operating principle of RSAWS and its key
component----surface acoustic wave resonator (SAWR). Considering the presence of
significant second order effect in high frequency SAW device, coupling-of-modes
(COM) model and finite element model were employed to design and simulate the L-
band SAWR on 128<Y-X LiNbOs and 42<Y-X LiTaOz substrate. Secondly, E-beam
lithography (EBL), E-beam evaporation (EBE) and lift-off process were used to
fabricate the SAWRs with sub-micron feature size. The influences of resist thickness,
metallization, scan strategy, exposure dose and proximity effect were study by a large
number experiments. Finally, optimized parameters and process flows were
summarized, which were successed in fabricating L-band SAWRs on piezoelectric
substrate mentioned above, with a dimension of 0.5mm? and 1mm? respectively. At last,
A vector network analyzer was used to figure the return loss and admittance of the
SAWRs mentioned above. A primary sensing research was carried out on temperature
and strain at the same time. The test results are as follows: the Rayleigh mode SAWR
on 128<Y-X LiNbOs, with a resonant frequency of 1.56GHz, showed a rather high
temperature sensitivity of 125.4kHz/°C, which was 4 times of the similar device’s on
433MHz. In addition, a strain sensitivity of 831Hz/ue was observed. A leaky SH-SAW
mode resonance was observed on 42°Y-X LiTaOz SAWR at 1.03GHz, which was
demonstrated a temperature sensitivity of 25.3kHz/°C. Both SAWRs showed good
linearity on temperature-frequency response characteristics from room temperature to
+250°C.

The process summarized above is also of significance to fabricate large scale
concentrated sub-micron plane structures by EBL.

Key words: surface acoustic wave sensor; high frequency; E-beam lithography (EBL)
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