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Measurement of a gauge factor of a carbon fiber and its application to sensors
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Abstract

In this paper we report on the electrical properties of carbon fiber which is an attractive material for strain gauges and
can also be applied to resonating micro sensors. The carbon fibers used in this research was manufactured from
polyactylonitrile (PAN). The fabricated carbon fibers had about 10 um in length and several centimeters in length. We
employed a micro structure to measure electrical properties of the carbon fiber. The measured electrical resistivity of the
carbon fibers were about 3x 10~ Q-cm. A gauge factor of the carbon fiber is also observed with the same system and
it was about 400, depending on the structure of the carbon fiber. For the sensor applications of the carbon fiber, it is
selectively placed between the gap of Al electrodes using a dielectrophoresis method. When the carbon fiber is resonated
by a piezoelectric ceramic, resistance change at a variety of resonance mode was observed through an electrical system.
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Fig. 1. Optical images of carbon fibers
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Fig. 2. An experimental setup to measure a gauge factor
of the carbon fibers
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Fig. 3. Resistance change with respect to length change of
carbon fibers
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Table 1. Dimensions and Electrical Resistances of Carbon

Fibers
Case Length Diameter  Initial resistance
(mm) (um) (kQ)
CF_1 3.450 10.124 34.724
CF 2 3.428 10.650 29.825
CF_3 3.381 9.871 32.264
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Fig. 4. A schematic diagram of a resonating micro sensor
based on the carbon fiber.
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Fig. 5. Process flow for resonating micro sensor fabri-
cation.
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Fig. 6. A scanning electron microscope image of the
fabricated resonating micro sensor.
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Fig. 8. An experimental setup for the resonating micro
sensor.
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Fig. 7. Simulation results of the carbon fiber oscillating at various resonance modes.
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Fig. 9. Oscillation characteristics of the resonating micro sensor driven at various frequencies.
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