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ABSTRACT   

This work presents for the first time a study of a fibre laser mode-locked due to a carbon-nanotube-based saturable absorber 
whose parameters could be controlled by a joined action of optical radiation and electric field. Combination of different 
types of control (optical and electrical) allowed variation of dynamics of the saturable absorber parameters and greater 
choice of pulsed generation regimes. We demonstrated the possibility of live switching of laser generation between various 
pulsed regimes through combined electro-optical action on the polymer-free carbon nanotube film.     
 
Keywords: pulsed fibre laser; carbon-nanotube-based saturable absorber; electro-optical gating. 
 

1. INTRODUCTION  
 

Saturable absorbers are commonly used in lasers for mode locking and generation of ultra-short optical pulses [1–3]. 
Saturable absorbers based on carbon nanotubes are attractive thanks to their relative simplicity of fabrication and unique 
properties of nanotubes [4, 5]. Application of carbon nano-tubes as saturable absorbers in fibre lasers [6–8] is also driven 
by their compatibility with all-fibre configurations of such lasers, in which the advantages of fibre-optical technologies are 
fully realised (no need for alignment or maintenance, etc). 

Several recent publications [9–13] are dedicated to research into ways of dynamic modification by electric field or 
optical radiation of parameters of saturable absorbers made either with carbon nanotubes or noncarbon materials. Dynamic 
adjustment of saturable absorber parameters not only allows variation of the laser generation regime, but may also lead to 
a variety of generation regimes, thus providing a possibility of controllable switching between such different regimes. This 
expands substantially the functional capabilities of lasers, making them more flexible and universal sources of radiation.  

Traditionally, carbon-nanotube saturable absorbers are composite materials containing a polymer matrix and carbon 
nano-tubes distributed in it [14]. Laser radiation may affect the properties of the polymer matrix; therefore it is desirable 
to use carbon nanotubers ether in a special matrix or without any matrix at all [15]. In the present work, we studied an 
erbium fibre laser with a saturable absorber made of polymer-free single-wall carbon nanotubes (SWCNTs), whose 
properties could be modified as a result of combined action of optical radiation and electric field.  
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2. EXPERIMENTAL SETUP   

 
The experimental installation used in this work is schematically presented in Fig. 1.  
 

 
 

Fig. 1. Experimental setup: LD 1 – pump laser diode, LD 2 – laser diode for optical gating of SWCNTs; Er – Er-
doped fibre; WDM 1, WDM 2, WDM 3 – wavelength division multiplexers. 

 
The ring cavity of the Er-doped laser only used polarisation-maintaining (PM) elements. The role of the active 

medium was played by an 80-cm long erbium-doped PM fibre pumped by a laser diode (LD 1) delivering up to 500 mW 
at 980 nm. The resonator had two optical isolators, one of which ensures uni-directional laser operation and the other 
protects SWCNTs from the pump laser radiation. For optical modification of SWCNT parameters, an additional diode 
laser LD 2 was used, emitting up to 100 mW at 980 nm. Radiation from this laser was guided into the cavity through 
multiplexer WDM 2 and left it through multiplexer WDM 3 after acting upon SWCNTs. 

The erbium laser radiation interacted with SWCNTs via evanescent field accessible through a length of side-polished 
cavity fibre. On this polished side were deposited two 20-nm thick SWCNT stripes (Fig. 2) with a layer of ionic liquid 
between them. A voltage could be applied to these two stripes. The graph in Fig. 2 shows SWCNT transmission curves 
under optical (transmission curves #1–3) and combined electro-optical (transmission curves #4–6) action. It can be seen 
from this graph that combination of these two ways broadens the fibre transmittance range and therefore, also the range 
of saturable absorber parameters.  

Shown in Fig. 3 are parameters of the generated pulses (duration, optical and radio-frequency spectra) in two regimes, 
which could be switched at will by adjustment of the electric potential applied to the SWCNT stripes (without any optical 
gating). The duration of pulses in mode-locked operation was equal to 800 fs, whereas in Q-switching mode, 1.1-µs long 
pulses were generated. Mode-locked pulses were close to spectrally limited.  

Fig. 4 presents parameters of the generated pulses at different radiation power levels applied to SWCNTs-SA (without 
any electric potential applied to SWCNT stripes). As the radiation power was raised to 60 mW, the laser entered a regime 
of harmonic mode-locking. Raising the power of optical gating to 93 mW led to multi-pulse generation of the laser. Optical 
gating features faster regime switching as compared to electrical gating. Optical gating occurs due to the blooming response 
time of nano-tubes, which was equal to 200 fs in this case.  
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Fig. 2. Schematic diagram of the gated in-line SWCNTs-SA (left) and experimental curves of its nonlinear 
transmission at 1550 nm altered by the gate voltage and gating light at 980 nm (right). The transmission curves #1-
3 were obtained with zero gate voltage under the gating light power of 0 mW, 60 mW, and 93 mW, respectively.  
The transmission curves #4-6 were obtained with the gate voltage of 1 V under the gating light power of 0 mW, 60 
mW, and 93 mW, respectively. 

 

 
 

Fig. 3. Parameters of pulses generated in mode-locked (top) and Q-switched operation (bottom) in case of 
electrical gating applied to SWCNTs.  
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Fig. 4. Parameters of pulses generated at different power levels of radiation providing optical gating of SWCNTs-
SA.   
 

4. CONCLUSION   
 

Experimental study of an Er-doped fibre laser with properties of its carbon-nanotube saturable absorber modifiable 
due to combined action of optical radiation and electric field have shown that both these factors noticeably affect the 
parameters of laser generation and their combined action broadens the range of saturable absorber properties. The 
conducted research indicates a significant promise of combined control over the parameters of carbon-nanotube saturable 
absorbers, which extends noticeably the functional capabilities of fibre lasers. It is important to note that optical pumping 
may also be electronically controlled, therefore combined electro-optical action is fully electronically driven in this case. 
Such fully electronic control over generation parameters is optimal for fibre lasers designed according to the hands-off 
concept.     
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