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Abstract
A soliton-based optical communication system is presented to generate and transmits several
mode locked laser pulses (generated by fiber laser setup) over 50 km fiber and 120 m wireless link. The
passive mode-locking feature of the laser system proposed in this paper is based on nonlinear
polarization rotation evolution.
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1. Introduction

Transmission of soliton pulses via wired/wireless communication [1-3] link has been
presented in many publications in the field of optical communications [4-7]. Mode-locked fiber
lasers [8-10] have been shown as the most inexpensive optical light sources for practical
generation of ultrashort pulses [11, 12], with actively harmonic mode-locked erbium-doped fiber
(EDF) lasers capable of producing transform-limited narrow Gaussian pulses [13-15]. Such
systems are especially suitable for high speed [16-18], long distance WDM transmission [19-
22]. Fundamental soliton pulses [23-25] are highly important in particular for long-
distance optical fiber communications [26-28] and in mode-locked lasers (soliton mode-locking)
[29-32]. In this work, a successful transmission of ultra-stable soliton pulses [33-35] over long
distance optical links is described along with a subsequent generation of RF multicarriers in the
WiFi spectrum range, from which the performance of RF carrier transmission over a 250 m
wireless link is measured and analyzed. A method is proposed for generating multiple carrier RF
with very low phase noise, limited amplitude fluctuations, and identical time jitter along
with negligible interference between carriers [36-38]. The obtained results show that the
proposed architecture is a promising scheme for the generation of multiple high purity carriers
up to extremely high frequencies (W band) that are far beyond the reach of electronic oscillators
[39]. The passive mode-locking feature of the laser system proposed in this paper is based on
nonlinear polarization rotation evolution [40-42], whereby an ellipse is resolved into right- and
left-hand circular polarization components of separate intensities.

2. Mode-Locked Laser Generation using Fiber Laser Setup

The experimental setup is shown in Figure 1. The laser used a 0.9 m long highly doped
Leikki Er80-8/125 EDF as the active gain medium. The EDF was pumped backward by a
Lumics 980 nm laser diode through a wavelength division multiplexer (WDM). The isolator
connected to the WDM was used to avoid any unwanted back reflection towards the gain
medium. This isolator was in turn connected to a polarization controller (PC) and an embedded
CNT between two ferrules. The output of the embedded CNT was guided toward a 95:5 coupler,
which extracted a portion of the signal for analysis. The 95% port was connected to an isolator,
which was then connected to the gain medium. This loop completed the laser cavity. The
extracted output was divided into two evenly powered portions using a 3 dB coupler, with one
portion being directed to an optical spectrum analyzer (OSA) (model YOKOGAWA AQ6370B,
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with wavelength resolution bandwidth accuracy of £ 0.02 nm (1520 to 1580 nm)) while the other
portion led to a photodetector (HP lightwave detector DC-6 GHz) and finally to whether radio
frequency-spectrum analyzer (RF-SA Anritsu MS2683A) or oscilloscope (YOKOGAWA
DLM2054) in order to be analyzed separately to obtain the average output power, the radio
frequency spectrum and the output in the time domain.
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Figure 1. mode-locked laser generation system setup

The all-fiber mode-locked soliton pulses generated via the CNT-based SA as a mode
locker have their power across a wavelength range represented in Fig. 2(a). The total length of
the laser cavity was approximately 4 m. Aside from the EDF, all fibers used in the cavity were
Corning SMF-28 (82 = -22 ps2/km). The observed mode-locked pulses were achieved at a
threshold pump power of about 40 mW, with the optical spectrum having a very wide-band
output together with multiple sidebands present as observed in the OSA. The presence of these
sidebands confirmed that the system was operating in the soliton regime [43]. Fig. 2(b) shows
the beating frequency for each of the two modes available in the mode-locked soliton spectrum
in 550 MHz scale.
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Figure 2. (a) mode-locked spectrum, (b) solitons with FSR of 21.6 MHz and FWHM of 400 KHz

The communication system based on RF signals generated from an optical soliton is
shown in Figure 3.

In order to examine the stability of the generated mode locked soliton signal, it was
forwarded to 50 km optical fiber. This 50 km optical fiber had an attenuation of 0.2 dB/km,
dispersion of 5 ps/(nm.km), differential group delay of 0.2 ps/km, nonlinear refractive index of
2.6 x10%° m?/W, effective area of 25 pUm* and nonlinear phase shift of 3 mrad. The transmission
of the mode locked soliton signal through 50 km of optical fiber can be seen in Figure 4 which
show the pulses with FWHM of 670 fs.
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Figure 3. Fi-Wi transmission setup
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Figure 4. Time-domain trace, mode-locked soliton

A PIN photodetector (PD) was used to convert the solitonic input power to RF band.
The generated RF spectrum was a result of beating frequency of wavelengths launched into the
PD at the other end of the SMF after photo detection, at the data modulator unit (DMU), as
shown in Figure 5, the RF multicarriers are generated in the range of the WiFi frequency and
can be modulated to transmit wirelessly along the 250 m wireless link. In order to check the
performance of the whole system, one of the RF carriers centered at 2.5 GHz was selected
using RF band pass filter (BPF) and this carrier was then used to transmit QPSK /16-QAM data

signals. Following amplification, the modulated RF signal was forwarded to the transmitter
antenna.
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Figure 5. (a) Data modulator unit to dodulate RF carriers, (b) Transmission of 2.5GHz signals
over a 250 m wireless link

The power of the detected RF signal after transmission along a 50 km fiber link and
within the 250 m wireless link distance can be seen in Figure 5(b). The FWHM of the pulse
shown in Figure 5(b) is 80 ps. According to the presented measurements, the proposed system
of an RF signal generator based on optical solitonic input with a minimum input power of 10
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dBm is applicable for a 50 km optical link and a maximum of 120 m wireless distance with
QPSK modulation. The constellation diagram for 16-QAM and QPSK signals transmission are
presented in Figure 6.
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Figure 6. Constellation measurement of 16-QAM (for 40m wireless distant) and QPSK (for 120
m wireless distance)

3. Conclusion

This paper has described a proposal and successful demonstration of a ring laser
system to generate soliton pulses. This ring laser system was first used to generate a soliton
with differently centered wavelengths passing through a 50 km SMF and impacted on a PIN
photodetector at the other end. Consequently RF arrays were generated in the range of WiFi
frequencies. The RF spectrum was analyzed following propagation along a 250 m wireless link,
and the power variations were measured.
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