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Abstract

TE 160368
This research is a construction and study of a 10 pF fused silica dielectric capacitor as a secondary
standard. The capacitor consists of two conducting plates, which are electrodes, separated by
dielectric, i.e. fused silica. Under this structure, the magnitude of the electric field, perpendicular to
the plates, is constant. Therefore. the capacitance is the product of the dielectric permittivity and the
area divided by the distance between two electrodes. The sputtering method is chosen for coating
silver onto fused silica surfaces because of the better thin film adhesion than what is obtained from
the evaporation method. The sputtering time of 10 minutes, provide two micrometers thickness of
Ag film. The capacitor housing is made of stainless steel and filled with nitrogen gas. The
configuration of 3 terminal capacitor is chosen and a coaxial cable is used to reduce the effect from
stray capacitance by connecting the outer conductor or the shield of coaxial cable to the guard
terminal. This method is suitable for higher impedance measurements or lower capacitance
measurements but it is not suitable for lower impedance measurements or higher capacitance
measurements because the lead inductance and resistance remain in the circuit. The analysis and the
evaluation of the measurement results comprise the effects of stray capacitance, temperature
coefficient, drift, voltagé dependence, frequency dependence, mechanical stability, and hysteresis.
The measured results show that the effect of the lead inductance and the stray capacitance to the
effective capacitance is about 0.002 ppm, which means the lead inductance and stray capacitance

-affect the effective capacitance of the capacitor insignificantly. The temperature coefficient of the
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capacitor is 70 ppm/°C, which is due to the dependency of the dielectric constant on temperature.
The voltage coefficient of capacitance for the 0.75 V__to 15 V__ranges in the studied frequency
range of 50 Hz to 20 kHz ranges can be divided into two regions. The first region is when the
voltage is below 4 V__ . In this region, the maximum change is about 10 ppm. In the second region,
the maximum change is less than 2 ppm. Therefore, the second region is considered as a suitable
one. For the voltage V = 0.75 V__and the frequency ranges 50 Hz to 20 kHz, the capacitance
decreases with increasing frequency from 50 Hz to 4 kHz, then the capacitance increases with
increasing frequency in the remaining region. The comparison between the capacitance at a given
frequency in the same ranges of voltage and frequency and the capacitance at reference frequency,
1 kHz, normalized by the reference value, shows that the maximum changc is about 40 ppm. For
to 15 V__ ranges and the frequency ranges 400 Hz to 20 kHz, the

voltage between 4 V__

S

capacitance decreases with increasing frequency from 400 Hz to 4 kHz, then the capacitance
increases with increasing frequency in the remaining region. The comparison between the
capacitance at a given frequency in the same ranges of voltage and frequency and the capaciténcc at
the reference frequency, ! kHz, normalized by the reference value, shows that the maximum change
is about 10 ppm. The mechanical stability of the capacitor due to the change of the external force
acting on the inner structure is studied. The maximum change after the change in the position is
about 2 ppm. This occurs due to the main holder of the fused silica can not settle down after the
change in positions. The hysteresis of the capacitance at each adjusted temperature has maximum
change about 2 ppm. The long term drift of the capacitance is about 18 ppm/year. However, the
period of data collecting is too short. The normal practice for data collecting period should be longer

than two years.





