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Development of ultrasensitive wireless quartz-crystal-microbalance MEMS sensors for

%%jf%géﬁ hydrogen—gas sensor and biosensor applications
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Owing to the advantages of high stability, simple instrumentation, and capacity for real—time monitoring
quartz crystal resonators have been widely used as gas sensors and biosensors. However, the configuration
of conventional quartz crystal microbalance (QCM) sensors restricts the free oscillation of the resonator
and limits the use of high frequency quartz resonator. To solve these problems, this thesis presents the
wireless—electrodeless QCM. It operates in a wireless and non—fixation manner, allowing the use of extremely
thin and high frequency resonators. More importantly, the wireless manner makes it possible to develop
miniaturized micro—electromechanical-systems (MEMS) sensors.

This thesis studies the hydrogen—gas detection method using a thin quartz resonator with a palladium thin
film on its single side, which absorbs hydrogen, resulting in the film expansion and geometry change of the
resonator, shifting the resonant frequency. Because the resonator is driven in a wireless manner, the other
resonator side can remain electrodeless, enhancing the geometry change and then the detection sensitivity
The detection limit is 1 ppm or less at 55 °C. For making a sensitive resonator for room—temperature use
the surface oxidation procedure on the palladium film using air plasma is proposed. It is found that the surface
oxidation of palladium film caused by the air plasma treatment can significantly decrease the energy barrier
of hydrogen atom transition from surface to subsurface

The highly sensitive hydrogen—gas sensor fabricated using a MEMS technology is then presented. The sensor
chip consists of glass substrates, silicon substrate, and a 165 MHz AT-cut quartz crystal resonator, which
is embedded in the microchannel constructed on the substrates. The MEMS hydrogen—gas sensor operates in a
wireless manner by exciting and detecting the resonator vibration using the non—-contacting antennas located
outside the microchannel. This sensitivity enhanced MEMS hydrogen—gas sensor exhibits a detection limit of
10 ppm or less even at room temperature both in nitrogen and air.

Furthermore, for biosensor applications, the MEMS QCM biosensor with a 125 MHz AT-cut quartz resonator
embedded in the microchannel is fabricated. Because of the compact size, it is suitable for mass production
and device miniaturization. To use a higher frequency quartz resonator and improve the signal strength of
the wireless QCM, the antenna—embedded MEMS QCM biosensor is then presented. It has antennas inside the
microchannel which are connected to the outside conduction layer through the metal pillars built in the glass
substrate. Because of the reduced distance between the QCM and the antenna, the signal is significantly
improved. Immunoglobulin G (IgG) is detected as a target molecule using protein A as the ligand. The detection
limit is 1 ng/ml or less, which is superior to that of the gold-standard surface plasma resonance (SPR)
biosensor. Furthermore, the binding affinity between protein A and IgG is studied by measuring the frequency
change during the binding reaction using the QCM biosensor. Good agreement with reported values is found,
confirming the validity of the developed MEMS QCM biosensor.

To detect the C—Reactive protein (CRP) with a low concentration, the sandwich mass amplification method
using gold nanoparticles (AuNPs) is proposed. In combination with the mass amplification, the antenna—embedded
MEMS QCM achieves extremely high sensitive detection of CRP with concentration as low as 10 pg/mL. Furthermore,
the four channels QCM biosensor with the antenna—embedded MEMS QCM is developed. The IgG detection results

demonstrate that it can be used as a high—throughput and high sensitivity biosensor.
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