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Abstract: We characterized the phase jitter of frequency microcomb with μrad phase resolution 

through fiber interferometry. The measured phase fluctuation PSD and integrated phase jitter are 

2.588 mrad2/Hz at10 kHz and 0.126 rad at 100 μs. 
OCIS codes: (140.3945) Microcavities; (190.3270) Kerr effect; (190.7110) ultrafast nonlinear optics 

1. Introduction

Optical Kerr frequency combs, with a precisely equidistant spectral lines over a broad frequency range, have led to 

breakthroughs in time-frequency standard, quantum-entanglement light source, optical communication, distance 

metrology, astrophysical physics and microwave photonics [1-3]. The Kerr frequency combs raise from modulational 

instability and subsequently form full comb by cascaded four-wave mixing through pumping a high-Q microcavity 

with a cw pump laser. For efficient Kerr frequency comb initiation, both the energy and momentum conservation laws 

need to be fulfilled. In anomalous group dispersion cavities, both laws can be satisfied automatically [4]. However, 

modulation instability in the normal 

dispersion cavity needs to be triggered 

by some initial conditions such as 
parametric modulation and dispersion 

discontinuity [5]. In the nonlinear 

microcavity, Turing rolls, phase-locked 

Kerr frequency comb, and soliton Kerr 

frequency comb have been investigated 

in the formalism of the Lugiato-Levefer 

equation (LLE) with emphasis on their 

phase coherence and stability. High 

repetition rate (several tens GHz to 

more than THz) of the frequency 

combs, however, puts a barrier for 

precisely characterizing the relatively 
phase fluctuations between comb 

modes. Here, we present a method to 

sample sub-THz wave phase 

fluctuations with μrad phase resolution. 

A temperature controlled and dispersion 

compensated optical fiber Michelson 

interferometer is used for sampling the 

phase fluctuations via phase modulation 

to intensity modulation (PM-IM) 

conversion and homodyne detection. 

The Kerr frequency comb is firstly 
synchronized to the fiber interferometer via feedback controlling the intracavity power of the microcavity. The relative 

phase fluctuations of soliton frequency comb generated with a help of auxiliary laser heating is characterized. The 

measured phase fluctuations power spectral density (PSD) at the offset frequency of 10 kHz is 2.588 mrad2/Hz. The 

Fig. 1: Phase jitter sampling setup and principles. (a) Phase jitter sampling setup with the 

temperature controlled unbalanced fiber interferometer. EDFA: erbium-doped fiber 

amplifier; E-PC: electrical controlled polarization controller; FRM: faraday rotator 

mirror; DCF: dispersion compensation fiber; LEAF: large effective area fiber; AOFS: 

Acousto-optic frequency shifter; PD: photodetector; EA: electrical amplifier; EBPF: 

electrical bandpass filter; PID: proportion-integral differential. (b) The principle of the 

phase jitter sampling. (c) Theoretical phase noise power spectral density of the thermal 

dynamics of the nitride microcavity and fiber interferometer.  
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correspondingly integrated phase jitter at 100 μs is 0.126 rad. The technique can not only characterize the phase 

fluctuations of the high repetition rate frequency comb but also provide insight about the microcavity dynamics.    

2.  Results and Discussion 

Figure 1a illustrates the schematic 

diagram of the phase jitter sampling 
setup including Kerr frequency comb 

generation setup and an unbalanced 

fiber interferometer. Two optical 

modes of the Kerr microcomb are 

selected and split into the two parts 

injected into the fiber interferometer. 

The reflected back signals are injected 

into two photodetectors. The principle 

is showing in the figure 1b where phase 

fluctuations are down converted into 

the RF-domain by the self-reference 

heterodyne detection and then down-
conversion into the baseband by 

homodyne mixing for power spectral 

density (PSD) analysis. The figure 1c 

shows the fundamentally thermal noise 

limit of the fiber interferometer and nitride microcavity where indicates the fiber interferometer provides significantly 

low noise floor. Duan model and Wsnser model are using for calculating the thermal-mechanical and thermal-

dynamical noise limits. Figure 2a shows the measured single sideband phase noise after converting from the phase 

fluctuation PSD by feedback synchronizing the fiber interferometer with the microcavity by manipulating the 

intracavity power. The dark blue curve shows the phase noise floor of the interferometer when the v1=v2. The light 

blue and light red curves show the residual phase fluctuations by monitoring the amplitude fluctuations PSD of the 

error signal as shown in figure 1a. The correspondingly residual signal frequency fluctuations before and after 
synchronization are showing in figure 2b where shows the synchronization can significantly remove the random 

relatively frequency walk. Figure 2c shows the accumulated relative frequency drift before and after synchronization. 

After synchronizing the fiber 

interferometer and microcavity, the 

single sideband phase noise 

measurement is engaged for a Kerr 

frequency microcomb with a FSR of 490 

GHz. The measured result is showing in 

the figure 3a by simultaneously 

monitoring the control and error signal 

PSD and stitching them together below 

and above 1 kHz where is the locking 
bandwidth which is determined by the 

low pass filters inserted after PID 

controller. The measured single sideband phase noise is showing as the light blue curve following 30 dB/decade slope. 

The corresponding system noise floor after synchronization and PSD stitching is the red curve associated with the 

instrument noise floor. The purple curve is the calculated thermodynamical noise of the microcavity with a FSR of 

490 GHz. The deviation between the calculated noise floor and the measured phase noise curve is attributed to the 

electrical noise and spontaneously emission noise from the EDFA.                            

3.  Conclusion 

In conclusion, phase fluctuations of the sub-THz frequency microcomb is characterized through temperature-

controlled unbalanced fiber interferometer. The measured phase fluctuation PSD is 2.588 mrad2/Hz at10 kHz.                                                                                
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Fig. 2: The synchronization between the microcavity and fiber interferometer. (a) 

Equivalent single sideband phase noise before and after synchronization, (b) Residual 

frequency deviation before and after synchronization, (c) Relative frequency drift 

originating from (a).  

 

 
Fig. 3: Measured phase noise of the soliton microcomb and corresponding phase jitter. 

(a) Measured single sideband phase noise and associated theoretically noise floor, (b) The 

integrated phase jitter from 10 μs to 100 ms.  
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