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Abstract — The principle and applications of quartz crystal sensors based on the three basic concepts for mass, viscosity,
and viscoelastic changes are reviewed. In the general discussion the basic principle of quartz crystal and realization of a
resonant frequency-resonant resistance diagram are described in detail. As examples of their applications, gas sensing
with a carbon-coated quartz crystal, determination of the blood coagulation factor, an electrochemical analysis and crys-
tallization analysis are reported. The possibility of developing new biosensors and chemical sensors is discussed on the
basis of these results.
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Fig. 1. The principles of piezoelectric devices.
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Fig. 2. Schematic diagram of AT-cut quartz crystal (a). Oscillation
model of piezoelectric quartz crystal in shear vibration (b).
Electrical equivalent circuit of quartz crystal (c).
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Fig. 3. Schematic diagrams of shear vibration of a quartz crystal (a)
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tic film, (d)with viscoelastic film illustrating the viscosity or
elasticity increasing model, (e)with viscoelastic film illustrat-
ing the dependence of film-thickness on the amplitude of
vibration of the film surface, (f)with viscoelastic film and in
contact with a liquid.
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