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The passive measurement of the ultra-stable quartz crystal resonators was conducted at FEMTO-
ST Institute, Besancon, France where we observed that the SC-cut resonator itself can reach a 
phase noise of about -140 dBc/Hz @ 1Hz carrier offset1,2.  To confirm these results, it was de-
cided to measure the quartz crystal resonators in the active mode (as oscillator). Everyone knows 
that quartz has very stable mechanical properties over time, but the temperature changes and 
gradients often cause frequency changes that are large compared to the slope of the static curve.     

In this paper, we describe an original digitally controlled double thermostat system for the quartz 
crystal oscillator that allows setting the turnover point of crystal oscillator automatically and its 
characterization. The oscillator optimization was implemented with an EDA software. This 
simulation included the resonator noise and amplifier noise, which was measured previously for 
different transistors.    

In developing the thermostat, focus was directed towards simplicity of the oscillator replacement 
and high performance of the system itself.  

The main program searches for the turnover 
point of the crystal oscillator in two steps (ap-
proximate and exact) and calculates the ap-
proximation function to a third degree of the 
frequency-temperature curve of the crystal 
oscillator automatically as show Fig. 1. The 
setting of the thermostat for crystal turnover 
point takes about 8 hours though this process is 
completely automatic. 

Application of the simulation for optimizing 
the crystal oscillator allowed reduction in the 
phase noise, but despite this the oscillator’s 
phase noise shows significant difference (up to 
10dBc/Hz) in comparison with the resonator 
noise itself (passive measurement)   
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Fig. 1: Searching the turnover point of the quartz 
crystal oscillator in two steps. 
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