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Development of 6.98 K cryogenic sapphire oscillator
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Abstract: Sapphire crystal has very low dielectric loss in liquid helium,and the quality factor(Q) value
can reach 1 X 10? working at whispering gallery modes. The oscillator made by this method has ultra-low
phase noise and high short and medium term frequency stability. A sapphire resonator working at
WGHi; ..., is designed and developed.A GM cryocooler is used to provide a cryogenic environment for the
resonator,and the temperature peak-to-peak fluctuation is better than =5 mK, and the vibration is better
than =1 pm.The sapphire resonator works at the frequency-temperature inflection point temperature 6.98 K,and
the Q, value is 1.8 X 10*. The oscillator loop composed of the resonator and the amplifier can generate
microwave signal under the Barkhausen condition,and the microwave signal output at 9.98 GHz is realized.
At the same time,Pound frequency locking method is used to lock the oscillator frequency to the sapphire
resonator,and the power stability control is carried out to obtain the microwave signal with high frequency
stability and low phase noise. The phase noise is -88 dBc/Hz(@1 Hz.The second frequency stability of the

low temperature sapphire oscillator is 1.2>X 10 " at second.
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