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Fig. 1. Block diagram of feedback control system. G (w) is
the transfer function of the controlled object, H (w) is the
transfer function of the controller, X (w) is the input signal,
Y (w) is the output signal of the system, and E (w) is the

driving signal.
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Fig. 2. Experimental setup for analyzing the noise characteristics of the output field of the optical filter cavity (OI, optical isolator;

EOM, electro-optic phase modulator; BS, beam splitter; PBS, polarizing beam splitter; MC, mode cleaner; PD1-3, photodetector;

HV, high voltage amplifier; SA, spectrum analyzer; ADC, analog to digital conversion; DAC, digital to analog conversion; FPGA,

field programmable gate array).
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Fig. 3. Background intensity noise of the laser (orange curve) and the intensity noise of the output light field after the MC cavity

length is locked (other color curves): (a) Power noise spectrum in the frequency range of 3-300 kHz (Resolution bandwidth (RBW)
is 10 kHz, video bandwidth (VBW) is 50 Hz); (b) power noise spectrum in the frequency range less than 3 kHz (RBW is 10 Hz,

VBW is 1 Hz).
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Fig. 4. Amplitude and phase plots of the open-loop transfer
function of the system.
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Abstract

Precision measurement is an important direction of today’s frontier scientific research. Using lasers to
achieve high-precision target measurement has become an important way to improve measurement accuracy,
which can be used in various fields. However, for a certain application, the measurement accuracy will directly
depend on the noise level of the laser source. Most of applications require that the measurement frequency band
is concentrated in the audio frequency band. In order to obtain a low-noise laser source with shot noise limited
in the applied frequency band, active and/or passive noise reduction is usually an option, i.e. active feedback
control or filter cavity technique, etc. Therefore, noise analysis and suppression techniques are the main concern
of the precision measurement. The optical filter cavity acts as an optical low-pass filter, which can effectively
suppress high-frequency noise beyond its linewidth. In this work, we find that the intensity noise of the output
field of an optical filter cavity is higher than the noise floor of the laser. The main sources of noise are analyzed
experimentally, showing that 1) excess noise is introduced by cavity length locking, and 2) laser phase and
pointing noises are coupled to the intensity one by the cavity. To cancel the excess noise as much as possible,
we optimize the feedback control loop by measuring the open-loop and closed-loop transfer functions of the
mode cleaner (MC), combined with the critical proportionality method. All the control loops are homemade,
and the proportional-integral-derivative (PID) is designed with a field programmable gate array board for
expediently achieving a noise reduction up to 30 dB at the audio frequency. Then the control loop is optimized
to the best condition without introducing the excess noise. Compared with the free-running laser, MC filters out
the high-frequency noise, meanwhile converts the phase noise and pointing noise of input field into the intensity
noise of the output field. Therefore, the power noise spectrum in the audio band is still higher than that of the
input optical field itself. In the future, an active control loop will be used to suppress the noise power. The
experimental results provide the basic means for application research such as feedback control loop noise
analysis, which will promote the development of precision measurement toward higher measurement accuracy.

Keywords: optical filter cavity, audio frequency, intensity noise, feedback control loop, transfer function
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