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Abstract: The key issues and techniques of high stability time-frequency transmission over 
optical fiber, such as phase noise compensation, high precision measurement of phase noise, are 
discussed. Recent progress at Shanghai Jiao Tong University is presented. 
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1. Introduction 
The transfer of high stability time-frequency references over a long distance is required by many applications such 
as time and frequency metrology, navigation, radio astronomy and very long baseline interferometry [1-2]. Tn order 
to preserve the quality of the transmitted time-frequency references, the transfer system should have much better 
stability. Currently, there are three main kinds of time-frequency transmission schemes according to the adopted 
transmission media: coaxial cable based, satellite based or free space based, and optical fiber based. There are some 
shortages for the first two technologies, though they are relatively mature and have been widely used. For instance, 
coaxial cable based technique is usually for short distance application due to the limited bandwidth and high loss of 
coaxial cables. Satellite based time-frequency transmission, such as GPS carrier phase and two way satellite time 
and frequency transfer, needs a long averaging time to cancel the common-mode fluctuation on free space paths, 
and its stability are usually limited within 10-15 per day [3] for non-common-mode fluctuations on space paths. 
Although laser time synchronization through space paths can reach higher stability, the scheme depends strongly on 

the weather condition. 
Transmission of time-frequency references over optical fiber has been considered as a promising alternative. 

Fiber links is more stable than free space path (especially over short time scale) since it is relatively less affected by 
ambient perturbation, immunity to electromagnetic interference, and has no multipath effect. Moreover, time
frequency transmission systems can also benefit from the features of optical fiber, such as broad bandwidth, low 
attenuation, and scalability. Due to the fast development of technologies and components in the field of optical 
communications, optical fiber based time-frequency transmission techniques have obtained great progress recently. 
O. Lopez, et ai, has demonstrated a microwave frequency transmission over an 86 km optical link with a fractional 

frequency instability of 1.3 X 10-15 per second and below 10-18 per day [4]. SmotIacha, et ai, demonstrated a two

way time transfer over a 740 km optical fiber link with measured time transfer stability of 8.7 ps within 500 s in 
terms ofTDEV [5]. 
Tn this paper, the key issues and techniques of high stability time-frequency transmission over optical fiber, such as 
phase noise compensation, high precision measurement of phase noise, are discussed. Recent progress and results at 
Shanghai Jiao Tong University are presented. 

2. The principle and system architecture 

Fig.l the diagram of time-frequency transfer system sharing the same fiber channel 
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Fig. I shows the diagram of time-frequency transfer over optical fiber using WDM technology to share the fiber 
channel. The quality of time-frequency transfer over optical fiber is mainly affected by the following factors, the 
floor performance (signal-to-noise ratio, SNR) of microwave photonic link from optical transmitter to photo
detector (PD), the phase noise/group delay variation induced by environmental perturbations on fiber (such as 
temperature or vibrations), the phase noise induced by environmental perturbations on optical and electronic 
modules at transmitting end and remote end. 

Theoretical and experimental results showed that the requirement to transfer the state-of-art microwave 
reference can be satisfied using a microwave photonic link by careful design and parameter selection of the laser 

source, PD and RF frequency etc. The phase noise induced by environmental perturbations on optical and electronic 
modules at two ends can be suppressed by environmental control. While these two effects are eliminated, phase 
noise induced by environmental perturbations of temperature or vibrations become the major contributor of the 
degradation of the transferred frequency reference, especially in term of long time scales. An active stabilization 
scheme, consisting of in-line phase noise detection and high precise, large dynamic compensation, has been 
proposed to alleviate the fiber induced phase noise. Tn order to avoid the group delay variation induced by the 
wavelength-dependent dispersion, we employ the same optical wavelength in the same fiber link for the time 
transfer. 

3. Experimental results 
The experimental system of the microwave frequency transmission over fiber is shown in Fig. 2. A I GHz 

reference is modulated onto the optical carrier through an electro-optic modulation and transmitted to remote end 
through a 20km fiber. The transmitted signal is reflected by a faraday rotator mirror (FRM) at remote end. The 
round-trip phase is detected by a dual-mixer time-difference based measurement scheme, and sent into a computer, 
which calculates the compensation value according to the control algorithm and outputs corresponding control 
signal to drive a specially designed optical phase compensator to compensate fiber-induced phase fluctuations. 

Fig. 2 The experimental setup of microwave frequency transmission over fiber. EOM: electro-optic modulation; FRM: 
Faraday Rotator Mirror; PO: photodetector. 

Fig. 3(a) shows the measured delay jitter floor of the dual-mixer time-difference module, which is shown as an 
inset. Fig. 3(b) shows the delay jitter of a 20 km optical fiber based frequency transmission with and without optical 
phase compensation. 
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(a) delay jitter floor the phase module (b) system stability before and after compensation 
Fig.3 The stability of the frequency transmission over fiber with and without a phase compensator 
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We also investigated the time transfer performance over 100 km fiber link. Figure 4 shows the measured delay 
jitter for the modified B code based two-way time transfer. The above results show the effectiveness of the proposed 
compensation scheme and the delay jitter for 20 km frequency transfer can be kept with 1 ps during half hour. The 
B code based two-way time transfer using the same wavelength over the same fiber of 100 km has delay jitter of 
less than 100 ps within 8 hours. Such performance can satisfy many practical applications 
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FigA Measured delay jitter for the modified B code based two-way time transfer. (a) One-way delay; (b) Two-way relative 

delay jitter. 

4. Conclusion 
The key issues and techniques of high stability time-frequency transmission over optical fiber are discussed. Recent 
progress and experimental results show the validity of our design. 
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