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Abstract

High precision time interval measurement technology is of great significance to the national
economy and national defense construction. This paper studies the time interval measurement
method based on the time interpolation of the surface acoustic wave bandpass filter. The method
uses a narrow pulse signal representing the event to excite the surface acoustic wave bandpass
filter, and then calculates the time interval between the two events through two correlation oper-
ations and three spline interpolation methods. The mathematical model of the measurement sys-
tem and the corresponding error propagation model are established. By using the error propaga-
tion model, the measurement errors caused by 4 types of main noise are emphatically analyzed,
and the measures to reduce the measurement errors are proposed. The system parameters when
the single accuracy of the time interval measurement reaches 1 ps rms are obtained through si-
mulation, and the time interval measurement accuracy is 0.925 ps rms. The mean value is 100.46
ps, and the results are normally distributed. The simulation results are in good agreement with
the theoretical values, which fully verify the correctness of the mathematical model and error
propagation model of the time interval measurement system.
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EAFEL[16]. 2017 4, KHEH T RZHMEEFEN, RHABINEARG SE S 8] 4GS, R 8] 4GS
B IEITIEMSE A, BRI BB AR S EE RIS T 20 ps rms [ 8] (8] B& U B0 RS BE[17]. 2022 4F, VE&H
TR IR RN R A R TR R A AR N A NG #%, 3R13 7 5.75 ps rms 5 I EKS B2 [18].
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Figure 1. Schematic diagram of time interval measurement method based on surface acoustic wave filter
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Figure 2. Four types of noise of measurement system
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Figure 3. The measurement error is caused by the noise generated by the narrow pulse excitation
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Figure 9. Measurement errors due to clock and sampling jitter (f; = 4 GHz)
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Table 1. The influence of SNR, and sampling frequency f; on the measurement accuracy of time interval
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Figure 11. Histogram of simulation values for 1000 times interval measurements
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