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Abstract 
A novel optoelectronic oscillator (OEO) with widely 

tunable frequency range is experimentally demonstrated. A 
single band-pass microwave photonic filter serves as an 
oscillating mode selector, which is composed by a 
broadband source, a variable optical delay line (VODL) 
based interferometer, an intensity modulator and a 
dispersive element. Thanks to the non-carrier-suppression 
effect of the selector, the novel OEO can generate notching-
free widely tunable frequency. 

I.  INTRODUCTION  
Optoelectronic oscillator (OEO) has attracted great 

interests in signal processing, phase-arrayed radar, and 
radio-over-fiber system for generating high tunable 
frequency and low phase-noise microwave signals [1]. 
Conventional OEOs are limited by the achievable high 
quality factor (Q) and tunable frequency range of 
electronic filters to keep the single-mode oscillator. With 
the development of microwave photonic techniques, there 
comes new approaches to accomplish high Qs and widely 
tunable microwave filters, which could replace the 
electronic filters to select the oscillating mode [2].  

In this paper, we propose and experimentally 
demonstrate an novel OEO formed by a tunable single-
band-pass microwave photonic filter based on a 
broadband optical source [3,4]. The method can generate 
a single pass-band free from the carrier-suppression effect 
(CSE). The proposed OEO has the merits of high 
frequency oscillation and wide frequency range without 
any notch. 

II.  EXPERIMENTAL SETUP 
Figure 1 illustrates the schematic of the proposed OEO. 

A broadband optical source (ASE) is reshaped by a 
tunable optical filter (TOF) and amplified by an EDFA1. 
It is split into two parts by a 50/50 coupler (OC1). One 
part (upper) is delayed by a variable optical delay line 
(VODL); the second part (lower) is modulated by a 
Mach-Zehnder modulator (MZM). The two parts with the 
same polarizations are coupled together by another 50/50 
coupler (OC2). Note that a tunable Mach-Zehnder 
interferometer is formed between the OC1 and OC2. Its 
output at “A” is directed into a dispersion compensation 
fiber (DCF) served as dispersive element. The coupled 
light is converted to an electrical signal by photo 

detectors (PDs) at “B” and “C”. To reduce the RF loss 
both in the optical domain and the electrical domain, we 
include another EDFA2 after the DCF to compensate the 
optical loss in the optical link, and an electrical amplifier 
(EAP) after the PD1 to amplify the RF output at “D”, 
which is fed back to MZM. A coupler (OC3) is applied to 
overcome the saturation of the PD1 (16-GHz bandwidth) 
and split another light to the PD2 for RF output detected 
by an electrical spectrum analyzer (ESA). 
 

 
Fig. 1.  Schematic of the proposed optoelectronic oscillator. 

III.  RESULT AND DISCUSSIONS 
To ensure the OEO to satisfy the required oscillating 

condition, i.e., the RF gain must exceed the RF loss, we 
first study the open-loop response of the OEO. The 
oscillating loop is disconnected and detected at “C” and 
“D”. In the experiment, the bandwidth of the TOF  is set 
to 10nm, the optical power launched into the OC1 is 
13dBm, and the optical power combined in the OC2 is 
about 2dBm due to the optical loss of the VODL and 
MZM. The EDFA2 is laid after, but not before, DCF so 
as to reduce the nonlinear effects in the DCF. An OC3 
divides 5.4-dBm optical power into the PD1, which is 
ensured to be below the saturation power (6.5 dBm) of 
the PD1. The frequency response is shown is Fig. 2(a), 
which demonstrates the open-loop property of the single 
pass-band microwave filter. It is shown that the insertion 
loss of the optical link is nearly 16 dB in the low 
frequency and degrades to 23 dB with the frequency 
increasing. It is resulted from the RF decaying effect due 
to the dispersion slope of the dispersive element DCF. 
The electronic signal is amplified by EAP with a 
bandwidth of 10 GHz and a gain of 24 dB. As shown in 
Fig. 2(b), it is observed that the link can achieve positive 
gain after amplified by the EAP when the microwave 
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frequency is below 7 GHz. It is reasonable to expect that 
the OEO can oscillate nearby at 7 GHz. 

Next, we study the close-loop performance of the OEO. 
The oscillating frequency (fc) is determined by the center 
frequency of the microwave filter, given by  
 2/ (2 )cf τ πβ= Δ  (1) 
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Fig. 2. Open-loop response of microwave photonic filter frequency. (a) 
without electronic amplifier; (b) with electronic amplifier. 
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Fig. 3. Electrical spectrum of the generated microwave signal from 
the proposed OEO. The resolution bandwidth (RBW) is 300 kHz. 
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Fig. 4.  Phase noise spectrum of generated microwave signal. (a) fc 
= 1.0612 GHz; (b) fc = 6.5067 GH. 

 
where Δτ is the time delay of the VODL in the upper arm 
of the tunable Mach-Zehnder interferometer, and β2 is the 
total dispersion of the 8.47-km DCF, which is 

approximately estimated to -920 ps/nm. According to Eq. 
(1), the tuning step for 1-ps Δτ is 135.7 MHz. 

Figure 3 depicts the generated microwave signal from 
135.7 MHz to 6.8 GHz when the time delay Δτ is tuned 
from 1ps to 88.89 ps. The oscillator cannot oscillate after 
6.8 GHz because the RF insertion loss is higher than 0 dB 
as mentioned in Fig. 2(b). The phase noise of the 
generated signals is measured by the R&S signal analyzer 
(FSUP). Two examples at 1.0612 GHz and 6.5067 GHz 
microwave signal are plotted in Fig. 4(a) and 4(b), 
respectively. The phase noise of the generated microwave 
signal at an offset frequency of 10 kHz is lower than -110 
dBc/Hz at 1.0612 GHz and -95 dBc/Hz at 6.5067 GHz. 
Several resonant peaks appear in the offset frequency 
greater than 20 kHz and their resonant spacing is about 
24 kHz. It is physically attributed to the mode spacing (Δf) 
of the OEO’s non-oscillating sidemodes. Numerical 
estimation based on L=c/(n*Δf), where c is the velocity in 
vacuum, n is the effective refractive index of DCF, and 
L=8.475 km is the close-loop length, gives Δf=24 kHz 
matching the observed resonant spacing.  

IV.  CONCLUSIONS  

A tunable OEO implemented by an ASE based 
photonic microwave photonic filter without use of any 
electronic microwave filters was proposed and 
experimentally demonstrated. The oscillating signal has a 
high tunable range of 6.8 GHz. A good phase noise 
performance with nearly -110 dBc/Hz at an offset of 10 
kHz was achieved. It is expectable to extend the 
oscillating frequency of the OEO if the optical loss of the 
front optical link is optimized and an electronic amplifier 
is replaced by a low noise amplifier with higher gain. 
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