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Research on Deterministic Error in Time Interval

Measurement Based on SAW Filter Excitation

CHEN Wen-xing!?, BU Zhao-hui®, ZHOU Ming-xiang>?, MU Lei’

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Uni-
versity of the Chinese Academy of Sciences, Beijing100049, China; 3. University of Shanghai for Sci-
ence and Technology, School of Medical Instrument and Food Engineering, Shanghai 200093, China)

Abstract: The paper deals with a novel high-precision time interval measurement method,
in which a single measurement can reach subpicosecond (rms < 1 ps) precision. It introduces
the principle and the realization of the high precision time interval measurement method
based on SAW filter excitation. The method is based on the fact that two SAW filters
excited by two short pulses can generate well-defined finite signals with highly suppressed
spectra outside a narrow frequency band. If the responses to two excitations are sampled
at clock ticks, they can be precisely reconstructed from a finite number of samples and then
compared so as to determine the time interval between the two excitations. The main reasons
for the measurement uncertainty of this method are the deterministic error and the random
error. The deterministic error propagation model for the measurement method is deduced in
detail. The time-interpolation error caused by deterministic effects has been analyzed in the
paper. It has been shown that the mean square of the interpolation error is limited by the
upper bound which is proportional to the relative energy of aliasing distortion and inversely

proportional to the square of the filter center frequency.

Key words: time interval; time interpolation signal; surface acoustic wave filter; determin-

istic error
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