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Fig. 1. Design of the ultra-stable cavity: (a) Main view; (b) side view; (c) top view; (d) three dimensions view.
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Fig. 2. (color online) The mechanical vibration sensitivity of spherical reference cavity is calculated by finite element

analysis: (a) Vibration sensitivity curves by different sizes bear-squeezing force acting on the cavity; (b) vibration

sensitivity curves of cavity under the condition of one dimension and three dimensions constraints.
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Fig. 3. Flow chart of the ultra-stable reference cavity manufacture.
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Fig. 4. Self-reliance developed spherical ultra-stable ref-

erence cavity is machined optically: (a) ULE bar in the
machine tool; (b) the preparation of the auxiliary struc-
ture of spherical cavity in the machine tool for processing;

(c) the spherical cavity is finished by optical machining.
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Fig. 5. Measurements of the surface roughness for the mirror substrates and its coatings, and the reflection
characteristics of the cavity mirrors developed independently: (a) AFM map of the surface roughness of
the cavity mirror substrate; (b) AFM map of the coating surface roughness of the cavity mirror; (c) spec-
trophotometric measurements for the reflection spectra characteristics of the cavity mirror by developed
independently (online: the green square point line for an incidence angle is 0°, and the red dot point line for
an incidence angle is 45°); (d) spectrophotometric measurements for self-developed with 0 degrees incidence

angle (online: green square point line) and imported (online: red dot line) mirror reflection spectral curves.
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Fig. 6. ULE spherical optical reference cavity and test op-
tical system: (a) ULE spherical optical reference cavity;
(b) test optical system (EOM, electro optic modulator;
ML, mode matching lens; PBS, polarization beam split-
ter; QWP, A/4 wave plate; PD, photoelectric detector; BS,
beam splitter; CCD, CCD camera).
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Fig. 7. Measurement of the finesse to spherical cavity
by scanning cavity line width: (a) Principle diagram
of the measurement (AOM, acoustic optic modulator;
SM fiber, single mode fiber; M, mirror; the solid line
represents the optical path, and the dotted line is the
signal channel); (b) cavity transmission peak signal
by scanning cavity, the black line is the transmission
signal of the cavity, the blue is the triangular wave

voltage signal, and the red is fitting curve.
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Fig. 8. Measurement of the finesse to the spherical

ultra-stable cavity by cavity ring-down spectroscopy
method: (a) Principle diagram of the measurement
(PS, phase shifter; LP, low pass filter); (b) the ring-
down spectrum curve of the cavity transmission signal,
the black line in the figure is a cavity ring down signal

and the red is the fitting curve.
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Table 1. Comparison of the main performance param-
eters of imported 100 mm reference cavity and 78 mm

reference cavity developed independently.
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Abstract

Ultra-stable reference cavity with high finesse is a crucial component in a narrow-linewidth laser system which is
widely used in time and frequency metrology, the test of Lorentz invariance, and measure of gravitational wave. In this
paper, we report the recent progress of the self-made spherical reference cavity, aiming at the future space application.
The main function of cavity is the reference of ultra-stable laser, which is the local reference oscillation source of space
optical clock.

The diameter of the designed spherical cavity spacer made of ultra-low expansion glass is 80 mm, and the cavity
length is 78 mm, flat-concave mirrors configuration, and the radius of the concave mirror is 0.5 m. The support structure
is designed to have two 3.9 mm-radius spherical groves located at the poles of the sphere along the diameter direction
(defined as support axis), and a 53 angle between the support axis and the optical axis. The mechanic vibration
sensitivities of the cavity along and perpendicular to the optical axis are both calculated by finite element analysis
method to be below 1 x 107'°/g. Five-axis linkage CNC machining sphere forming technology is applied to S®80 mm
spherical surface processing with spherical contour degree up to 0.02. After a three-stage surface polishing processes,
the fused silicamirror substratessurface roughness is measured to be less than 0.2 nm (rms). Implementing double ion
beam sputtering technique for mirror coating, the reflection of the coating achieves a reflectivity of >99.999% and a loss
of <4 ppm for 698 nm laser. The coating surface roughness is measured to be < 0.3 nm (rms). The cavity spacer and
the mirror are bonded by dried optical contact. In order to improve the thermal noise characteristics of the cavity, an
ultra low expansion ring is contacted optically to the outer surface of the mirror.

The cavity is characterized by ring-down spectroscopy, and the finesse is around 195000. With the help of a home-
made 698 nm ultra narrow line-width laser, the cavity line-width is measured to be 9.8 kHz by sweeping cavity method.
A 698 nm semiconductor laser is locked to this spherical cavity by PDH technology, and the cavity loss is measured to

be<5 ppm.

Keywords: ultra-stable cavity, ultra low expansion, finesse, optical clock
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