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Spectral Analysis of Oscillation Instabilities in Frequency Standards
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Basic Configuration of the Measurement System

The phase and frequency fluctuations inherent in
oscillators used as frequency standards have been
measured over the spectral frequency range of 1 Hz to
5 kHz. Experimental data for nine commercially avail-
able oscillators were obtained with the oscillator
instability analyzer shown in the figure. The basic
measurement system consists of an electromechanical
phase-locked loop that extracts the phase and fre-
quency fluctuations and an error multiplier that ex-
tends the threshold sensitivity. Operational features
include a selection of loop bandwidths, calibrated off-
set controls, and several output level selections.

The analysis of the data involves the application
of the spectral density of the frequency or phase
fluctuation as a function of spectral frequency. The

format of the data, a spectral representation of the
performance throughout the frequency, enables the
designer to apply standard circuit and system analysis
techniques to determine the effects of various portions
of the spectrum on the performance of the overall
system.

Analysis of the experimental data has shown that
the major stability degrading mechanisms are flicker
and thermal noise in both the oscillator feedback loop
and the external circuits.

The instrumentation and mathematical analysis
developed in this program can be used in the evalua-
tion of such frequency standards as masers, crystal
oscillators, and lasers, and in the development of
low-noise synthesizers. The measurement techniques

(continued overleaf)

9

This document was prepared under the sponsorship of the National
Aeronautics and Space Administration. Neither the United States
Government nor any person acting on behalf of the United States

Government assumes any liability resulting from the use of the
information contained in this document, or warrants that such use
will be free from privately owned rights.



can be used for acceptance testing, design evaluation, Patent status:
and definition of performance specifications in terms

- No patent action is contemplated by NASA.
of the phase angle and frequency spectral densities.

Source: Southard Lippincott of

} Note: ADCOM Research and Development
Requests for further information may be directed to: under contract to
Technology Utilization Officer Marshall Space Flight Center

Code A&TS-TU (MFS-20778)

Marshall Space Flight Center
Huntsville, Alabama 35812
Reference: TSP70-10572

Brief 70-10572 Category 02



	Page 1
	Page 2

