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Fig. 1. WGH,5: (a) Mesh filling section of finite element model; (b) azimuth distribution of electric field; (c) radial distribution of

the magnetic field.
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Fig. 2. Schematic diagram of measuring WGH mode resonance

frequency device.
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Fig. 3. Electromagnetic field intensity of WGH;5: (a) Cross-section distribution of magnetic field intensity; (b) axial cross-section

distribution of magnetic field intensity; (c) cross-section distribution of electric field intensity diameter.
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Fig. 4. Comparison of theoretical and measured frequencies
of WGH,,, o o models.
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1 m=10—19 BISRIIE

Table 1.  Resonant frequency of m = 10-19.
N f/GHz
I ERERLA M WL eIl Aftrmsesmin/ g A fyysiesmig/ Fovie
WGH; ¢ 7.06686 7.07063 7.07181 0.053% 0.070%
WGH;; o, 7.63521 7.63784 7.63925 0.035% 0.053%
WGH;5 8.20160 8.20355 8.20443 0.024% 0.035%
WGH,3, 8.76613 8.76745 8.76761 0.015% 0.017%
WGH; 4 9.32905 9.33030 9.32983 0.013% 0.008%
WGH;5 9.89051 9.89011 9.89062 —-0.004% 0.001%
WGH4 10.45054 10.45390 10.45008 0.032% -0.004%
WGH7 4, 11.00933 11.01550 11.00863 0.056% —-0.006%
WGH;5 11.56694 11.56940 11.56593 0.022% -0.009%
WGH; 00 12.12345 12.12100 12.12218 -0.020% -0.010%

A FRTT 5 AT R RRE RE Af/f < 0.06% , S5 &
SERFRNKEEE AL/ f < 0.02%.
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Fig. 5. Sy at different positions of WGH;; o, mode magnetic

rings in samples at room temperature.
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Fig. 7. Relationship between resonant frequency and sample size: (a) Relation between resonant frequency and diameter change;

(b) relation between resonant frequency and height variation.
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Abstract

When the electromagnetic field in the sapphire resonator corresponds to the whispering gallery mode, it
exhibits an extremely low dielectric loss. As result, sapphire oscillator has the characteristics of ultra-low phase
noise and high short-term frequency stability. The distribution of electromagnetic field in the sapphire resonator
is very important for realizing high-level oscillator. In this work, the radial-axial mode matching method is used
to theoretically analyze the distribution of the field mode in the sapphire resonator, and the resonant frequency
of the WGH,, oy mode is calculated. The field distribution of the sapphire resonator is simulated by the finite
element analysis method. The gallery mode number of the sapphire resonator is studied and the electromagnetic
field intensity distribution of the WGH;;,, mode in the azimuthal, axial and radial direction are obtained.
Finally, a home-made gallery mode analyzer is used to measure the microwave field on the surface of sapphire
resonator, which is composed of a three-dimensional rotating stage , the magnetic ring/probe coupling and a
vector network analyzer. With the above theoretical analysis, the finite element analysis method and the
experimental measurement, the working mode of the sapphire resonator and the resonant frequency of the
WGH,,, o mode are determined. When the sapphire resonator works in WGH;; (¢ mode, the resonant frequency
is 9.891 GHz, and the parameters of the whispering gallery mode in the resonator are obtained, and the
unloaded @ value of the resonator is 94000. When the temperature is 292 K, the frequency-temperature
sensitivity of the sapphire resonator working in the WGH,,, whispering gallery mode is about 71.64 x 107°.
The microwave oscillator consisting of the high @ sapphire resonator can be used to make an oscillator with

ultra-low phase noise and high frequency stability.
Keywords: sapphire resonator, whispering gallery mode, phase noise, quality factor
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