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A widely tunable high precision chaotic fiber laser is proposed and experimentally demonstrated. A tunable fiber 

Bragg grating (TFBG) filter is used as a tuning element to determine the turning range from 1533 nm to 1558 nm with 

a linewidth of 0.5 nm at any wavelength. The wide tuning range is capable of supporting 32 wavelength-division mul-

tiplexing (WDM) channels with 100 GHz channel spacing. All single wavelengths are found to be chaotic with 10 

GHz bandwidth. The full width at half maximum (FWHM) of the chaotic correlation curve of the different wave-

lengths is on a picosecond time scale, thereby offering millimeter spatial resolution in WDM detection. 
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Wavelength tunable fiber lasers are extensively investi-

gated because of the large demands in wavelength divi-

sion multiplexing (WDM) networks, optical detection, 

and fiber sensor systems[1–3]. A tunable fiber laser is usu-

ally built with various tunable components, such as tun-

able band pass filter, fiber Fabry–Perot tunable filter, and 

fiber Bragg grating filter[4–6]. Many methods and tech-

niques have been studied and reported. Wei Yang[7] 

achieved continuous wavelength tuning using a single 

stage polarization-independent acousto-optic tunable 

filter in an erbium-doped fiber ring laser. In 2013, a 

wavelength tunable erbium-doped fiber ring laser based 

on a silicon micro-ring resonator was proposed and a 

35.2 nm bandwidth with a tuning step of 2 nm was 

achieved[8]. In the same year, Pei Yang[9] experimentally 

generated over 40 single-mode wavelengths with 100 

GHz spacing using a self-seeding reflective semicon-

ductor optical amplifier. Among the numerous tuning 

methods, the tuning fiber laser based on fiber Bragg 

grating can effectively reduce the insertion loss. 

Chaotic lasers are extensively studied in high-speed 

chaotic secure communication, anti-interference ranging, 

and sensing field because of their natural confidentiality, 

anti-interference, and non-predictability[10–12]. Fiber la-

sers can generate chaotic bandwidth of at least tens of 

gigahertz[13]. The wide bandwidth leads to high-speed 

data transmission and high precision measurement reso-

lution in the WDM network communication and detec-

tion. Moreover, the measurement resolution of the cha-

otic optical signal is not related with fiber length[14]. 

Therefore, the tunable chaotic laser is a promising light 

source in the future application of the WDM network. 

This paper experimentally demonstrates a continuously 

tunable chaotic fiber laser based on an ultra-long er-

bium-doped fiber ring laser (ULEDFRL) using a tunable 

fiber Bragg grating (TFBG) filter as the tuning compo-

nent. We analyze the characteristics of the tunable cha-

otic laser in each wavelength and carry out corresponding 

experiment to detect 8 WDM wavelengths to further prove 

the excellent properties of the tunable chaotic laser. 

Fig.1 shows the experimental setup for the proposed 

tunable chaotic fiber laser. Fig.1(a) shows that the 980 

nm semiconductor laser is used to pump an 8 m long 

erbium-doped fiber by a 980/1550 nm WDM. The po-

larization isolator forces the light to operate unidirec-

tionally. The polarization controller (PC) is applied to 

ensure that the fiber laser can work in a proper polariza-

tion state. The 10 km ultra-long single-mode fiber in the 

cavity supports the strong nonlinear effect. The fine- 

tuning of the wavelength is achieved by the TFBG filter, 

and the tunable range is from 1530 nm to 1560 nm. The 

90:10 output coupler1 gives 10% of the lasing light for 

the output detection. The characteristics of the chaotic 

output are analyzed using an oscilloscope (OSC) and a 

spectrum analyzer (OSA) together with a 12 GHz pho- 

todetector (PD). 
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Fig.1 Experimental setup of the proposed tunable 

chaotic fiber laser 
 
The experiment is carried out without the TFBG in the 

ULEDFRL. We adjust the PC and observe the output dy-

namics of the ULEDFRL under a fixed power pump. When 

the PC is placed in a proper position, a wideband frequency 

spectrum could be obtained in the spectrum analyzer. Then, 

we maintain the PC at a fixed position and continuously 

increase the pump current. When the pump current is in-

creased to 180 mA, the chaotic states are observed at the 

OSC and OSA and fixed well to 450 mA. Fig.2 demon-

strates the chaotic states for the pump current of 280 mA. 

The noise-like time sequence in Fig.2(a) shows random 

intensity fluctuations. The wideband power spectrum in 

Fig.2(b) is flat and smooth. The auto-correlation curve, 

which is delta function like in Fig.2(c), is sharp and thin, the 

full width at half maximum (FWHM) is about 75 ps, and 

the central wavelength of the optical spectrum in Fig.2(d) is 

1564 nm. Then, we add the TFBG in the cavity and tune it 

carefully. The tuning filter is accurate, highly efficient, and 

continuous. The fiber laser is continuously tuned from 1533 

nm to 1558 nm. Fig.3 shows the 32 international telecom-

munication union (ITU) channels with 100 GHz channel 

spacing for a pump current of 280 mA. The start and stop 

wavelengths are 1533.47 nm and 1558.17 nm, respectively. 

Chaotic oscillation with a pump current above the threshold 

is observed at any wavelength presented. 

The wavelengths of 1551.72 nm, 1552.52 nm, 1553.33 

nm, 1554.13 nm, 1554.94 nm, 1555.75 nm, 1556.55 nm 

and 1557.36 nm are selected as representative samples to 

demonstrate the characteristics of the tunable chaotic 

fiber laser. 
 

 

(a) Noise-like time sequence 

 

    (b) Wideband power spectrum 

 

     (c) Auto-correlation curve 

 

    (d) Optical spectrum 

Fig.2 Chaotic output of ULEDFRL without TFBG at 280 mA 

 

 

Fig.3 Optical spectrum of the wavelength tunable 

ULEDFRL with TFBG 
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Fig.4 shows the outputs of the fiber laser with 1554.13 

nm, 1555.75 nm, 1556.55 nm and 1557.36 nm from the 

top to the bottom. The rapid random intensity fluctua-

tions of the time sequence in Fig.4(a) column, the 

delta-function-like correlation characteristics in Fig.4(b) 

column, and the broad band spectra in Fig.4(c) column 

all indicate that the tunable fiber laser works in chaotic 

states. The FWHMs of the auto-correlation curves in the 

studied wavelengths in Fig.4(b) column are about 73 ps. 

Fig.4(c) column shows the power spectra with different 

pump current values. The –3 dB bandwidth, which is 

about 10 GHz, is enhanced with the increase of the pump 

current because higher pump current stimulates stronger 

nonlinear effect that leads to a broader band spectrum. 

The chaotic laser at other wavelengths exhibits similar 

characteristics. 
 

 

(a1)                                    (b1)                                    (c1) 

 

(a2)                                    (b2)                                    (c2) 

 

(a3)                                    (b3)                                    (c3) 

 

(a4)                                    (b4)                                    (c4) 

Fig.4 Chaotic states of 1554.13 nm, 1555.75 nm, 1556.55 nm and 1557.36 nm from the top to the bottom 
 

The broad bandwidth and thin auto-correlation curve 

of the tunable chaotic fiber laser demonstrate a high 

measurement precision. We estimate the spatial resolu-

tion by the FWHM of the chaotic auto-correlation curve. 

Fig.5 shows the FWHMs of different wavelengths. 

Compared with the chaotic states before splitting (Fig.2), 
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the FWHM is almost the same at 280 mA (arrow pointed 

in Fig.5). This result demonstrates that the bandwidth of 

the tunable chaotic laser is broader than that of the PD, 

so the difference could not be observed within the filter. 

The FWHM decreases with the increase of the pump 

current in all wavelengths, but no noticeable regularity is 

observed in different wavelengths when the pump cur-

rent is fixed. The reason is that the larger pump current 

stimulates stronger nonlinear effect which increases the 

chaotic bandwidth, resulting in the decrease of the 

FWHM with the increase of pump current. However, the 

chaotic laser exhibits unique temporal and spectral char-

acteristics, and slight fluctuations are not forecasted. The 

FWHM varies from 60 ps to 90 ps, and the pump current 

varies from 200 mA to 400 mA in all observed wave-

length ranges. According to c•τ/2n, where c is the speed 

of light in vacuum, τ is the time delay corresponding to 

the FWHM, and n is the refraction index of the fiber, the 

spatial resolution is 6 mm to 9 mm. This resolution indi-

cates that the wavelength tunable chaotic fiber laser 

could achieve a millimeter measurement resolution. 
 

 

Fig.5 Relationship between FWHM and pump current 

in different wavelengths 
 
Fig.6 shows the P–I curves of the wavelength tunable 

ULEDFRL. The output power linearly increases with the 

pump current in each wavelength. The slope efficiency 

and threshold change with the wavelength because of the 

TFBG property. The wavelength tunable ULEDFRL 

works in chaotic states when the pump current is from 

180 mA to 450 mA. The wide chaotic field provides 

great convenience for the applications. 
 

 

Fig.6 P–I curves of the wavelength tunable ULEDFRL 

To demonstrate the feasibility of the tunable chaotic 

fiber laser, we experimentally carry out the WDM-PON 

detection with the 8 WDM wavelengths. The detection 

schematic diagram is shown in Fig.1(b). The output cha-

otic laser from the ULEDFRL is split into two parts by 

output coupler2: 5% is used as the reference signal, and 

the other 95% serves as the detectable signal. The de-

tectable signal is launched into the WDM-PON channels 

and reflected at the fault position through the optical cir-

culator3. The reference signal and the reflected signal of 

the detection light are detected by PD3 and PD4 with 1 

GHz bandwidth. The fault position is located by correla-

tion of the two signals. The different channels are de-

tected by sweeping the chaotic laser. The detection re-

sults with a low signal to noise ratio are shown in 

Fig.7(a). The detection distances of the 8 wavelengths 

are 1235.82 m, 1186.86 m, 1138.10 m, 1091.07 m, 

863.40 m, 816.37 m, 767.40 m and 718.64 m. The small 

drop of the correlation peaks with different wavelengths 

is attributed to the characteristic loss of the detection 

fiber. Fig.7(b) shows the minimum distance that could be 

detected in the experiment, which corresponds to the 4 

cm spatial resolution and is the same in all studied 

wavelengths. The spatial resolution in the detection is 

limited by the 1 GHz PD. The measurement examples 

show that the wavelength tunable laser could accurately 

detect the WDM-PON at any single wavelength, and if 

the bandwidths of the PD are all 12 GHz, the millimeter 

spatial resolution can be obtained. 
 

 

(a) Detection results 

 

(b) Spatial resolution 

Fig.7 Detection results of 8 channels of the WDM-PON 

using the wavelength tunable chaotic laser 
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We experimentally demonstrate a widely tunable high 

precision chaotic fiber laser. The chaotic fiber laser is 

constructed by a ULEDFRL and a TFBG. The 25 nm 

wide tunable wavelength range is obtained and the 32 

WDM channels with 100 GHz channel spacing are sup-

ported. Each of the 32 ITU channels works in chaotic 

states with a bandwidth of about 10 GHz. The 

auto-correlation curve of the wideband time sequence 

generated in the fiber chaotic laser has a peak with a pi-

cosecond time scale, offering a millimeter spatial resolu-

tion for the correlation-based WDM-PON detection. The 

WDM detection experiment verifies the reasonable ap-

plication of the tunable chaotic fiber laser. 
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