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The unclear physical origin of flicker noise in ultra-stable quartz oscillators limits some practical
metrological applications. The origin of this 1/f observed noise is still an unanswered question [1].
Though a quantum theory for this 1/f noise in electronic devices and acoustic resonators has
been developed over decades by P. Handel & al. [2], it remains very controversial and does not
allow assessing easily the lowest value of 1/f noise that could be obtained for a quasi-perfect
material in a perfect setup. We have therefore carried a new series of low temperature
measurements in order to try to better assert the influence of material defects as 1/f noise
sources and provide some inputs to tentative quantum theories. Characterization of the Q-factor
of all of the modes of a given quartz oscillator could give some information about the crystal
quality [3], since the Q-factor is representative of damping in the vibrating volume and of the
effective mass of the resonant cavity. Furthermore, the harmonic modes and the anharmonic
modes due to the plano-convex-shape give different vibrating zones inside the heart of the
resonator.

In this contribution, we study experimentally the possible correlations between Q-factor
measurements at low temperature (4 K) and the level of flicker noise at nominal operating
temperature (353 K) in 5 MHz Stress-Compensated-cut quartz resonators (SC-cut, which is today
considered as the best kind to be used in quartz oscillators in terms of stability). Results for 10
SC-cut resonators with a 5 MHz resonant frequency and different noise levels (some excellent)
are presented and commented, for several overtones and anharmonic modes. Fig. 1 shows the
Q-factor of the different modes of the resonators at the same 3™ overtone, measured at 4 K
and/or 353 K, as a function of their short term stability.
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Figure 1 : Q-factor of the resonators for different modes of vibration (at 4 K and/or 353 K) as a function of
the short-term stability level (oy foor) at 353 K.

We will also report Q-factors for several overtones and anharmonic modes, measured at 4 K, as
a function of the short-term stability of the resonator measured on their metrological vibrating
mode at 353 K and conclude on the absence of correlations, for which we need theoretical
interpretations.
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