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Summary 
This paper demonstrates a self-starting mode-locked fiber laser that incorporates an 
electrooptical fiber modulator and exploits soliton compression for picosecond pulse 
generation. The ring laser runs at 1.3 MHz, the pulse duration is ~2 ps and the 
bandwidth ~1 nm. The laser cavity is all fiber-based and the fiber modulator stabilizes 
pulse formation. 

Introduction 
Mode-locked lasers play an important role in the study of ultrafast phenomena. Mode-

locked fiber lasers in particular are of interest because sub-picosecond pulse duration 
can be readily attained by exploiting soliton compression in an optimized cavity. 
Saturable absorption in this case is achieved exploiting the nonlinearity of the silica fiber 
to compensate for the anomalous dispersion of the cavity. Soliton fiber lasers based on 
the nonlinear optical loop mirror or nonlinear polarization rotation, however, are 
generally not self-starting. This well-known problem limits the wider use of such lasers in 
commercial applications. Laser systems employing a LiNbO3 modulator in a fiber loop 
have been described  [1], seeding the laser with a short duration pulse that evolves into 
a soliton. More recently, the replacement of the ferroelectric crystal by all-fiber acousto-
optical  [2] or electrooptical modulators  [3] has been reported in the literature. In this 
paper, we describe the use of an electrooptical fiber in a Sagnac loop that produces a 
short open-time window inside a fiber laser ring cavity. The pulse formed is further 
compressed in the ring cavity exploiting its anomalous dispersion and self-phase 
modulation, until a soliton pulse is formed. In contrast to Figure-of-eight lasers, the 
present all-fiber cavity is self starting. 

Discussion 
The active modulator employed here is based on a 78-cm long piece of fiber with 

internal electrodes that becomes electrooptical by electrostatic charging, as described in 
 [4]. This fiber acts as a phase modulator (PM) and has a total insertion loss of ~4 dB at 
1550 nm and Vπ~140 V at 1550 nm. The electrical pulses driving the PM are generated 
by a CMOS switch biased with a voltage supply and triggered by a pulse generator. By 
placing the PM slightly off-center in a 3-m long Sagnac loop, a transmission window of 7 
ns FWHM can be triggered by the pulse generator  [5]. 

Fig. 1a displays a schematic diagram of the actively mode-locked fiber ring laser. It 
consists of a commercial Erbium doped fiber amplifier (EDFA) with a 980 nm pump. A 
polarizer is placed after the EDFA in order to filter out half the ASE and ensure single 
polarization in the cavity. 95% of the light is extracted through a fiber coupler and only 



5% allowed to feedback. A polarization controller (PC) ensures optimal polarization 
entering the Sagnac loop, which consists of a 3 dB fiber coupler, the PM, and a PC. An 
additional PC is placed after the loop to realign the polarization. Finally, a 105-m long 
piece of standard telecommunications fiber (SMF28) renders the cavity dispersion 
anomalous. It also lowers the repetition rate to around 1.3 MHz. An electrical spectrum 
analyzer is used to help synchronizing the repetition rate of the PM to the cavity 
roundtrip to a few Hertz. When the PCs are set improperly, the output consists of stable 
noiselike ~600 ps pulses  [6]. With proper PC and frequency setting the laser emits 
soliton pulses. If the gain of the EDFA is sufficient, multiple solitons are formed inside 
the 7 ns envelope opened by the active modulator. The laser is always self-starting. 
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Fig. 1 a) Schematic of the mode locked fiber laser. b) Autocorrelation of output, tFWHM= ~2 ps, with 
sech2 fit. The optical spectrum is displayed in the inset and has a 3 dB bandwidth of ~1 nm 

The output is characterized with an optical spectrum analyzer and a noncollinear 
autocorrelator. Typical averaged output is displayed in Fig. 1b. The measured pulse- 
and 3dB-bandwidth is ~2 ps and ~1 nm respectively in this non-optimized cavity. A 
soliton like that should in SMF28 have an energy of 17 pJ, peak power of 8 W, and an 
average power of 21 µW at 1.28 MHz. The output of the laser however, is ~2 mW, after 
the ~20 dB amplification in the EDFA.  
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