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Abstract: Using Aston-made special design polarizing grating have implemented a stretch-
pulse mode locked erbium fiber laser. The laserehasgnple and efficient all-fiber configuration

with 90 fs output pulse duration and1.68 nJ pulsrgy.
OCIScodes. (060.3735) Fiber Bragg gratings ; (140.3510) ksiserbium; (140.4050) Mode locked lasers

1. Introduction

Mode locked ultrafast operation fiber lasers atallyi important tools in the contemporary sciennd adustrial
applications such as e.g. communication, sensingging and micromachining and others. Passivelyeniodked
fiber lasers are attractive due to their ease lafi¢ation, compact design, low cost and low powarsumption. By
balancing different effects such as self-phase iatidn, gain saturation, group velocity dispers{@VD) and high
order dispersion, femtosecond pulses can be notineby generated using passive mode locking. Varimode
locking mechanisms responsible for pulse formatod shaping are exploited in a fiber laser cavitgluding
nonlinear polarization rotation (NPR) [1], semicantbr saturable absorber mirror(SESAM) [2], carlmamotubes
[3] and graphene [4]. Nonlinear dynamics is alsgyymportant and fiber lasers are now offering nit&tform for
studying new nonlinear lasing regimes such as afitoin [5], dissipative soliton [6] and hybrid rewgs [7].

To make the best use of the all-fiber structur¢heffiber laser, the selection of a proper modédoor mode
locking mechanism is very critical. Polarizer isr#tically important element of a fiber laser syatewidely applied
in NPR mode locking of fiber lasers. However, thi@ndard bulk polarizers inherently break down thdilzer
structure of a fiber laser system while other tgpdiber polarizers possess less robustness ardihggrtion loss.
Polarizing fiber grating is a novel type of in-fibpolarizer device based on a 45° tilted gratingicttire. In
principle, it is very similar to a pile of plate lpoizer which based on the Brewster angle therefadiating out s-
light and preserving p-light for propagation [8].itiWthe benefits of low cost, all-fiber structunedalow insertion
loss, such device has found various applicationzoteization dependent loss (PDL) equalizer, palater and all-
fiber polarization filter. Such grating has als@ain promising potential for the application of fidasers including
CW single polarization fiber laser [9], soliton neokbcked fiber laser [10] and dissipative solitoade locked fiber
laser [11]. In this report, using Aston-designed &abricated polarizing grating we have presentatretch pulse
mode locked erbium doped fiber laser which dematesrthe shortest pulse duration generation threufber
grating based ultrafast operation fiber laser. Huitp and efficiency of implementation is a keyafare of the
demonstrated laser system.

2. Polarizing Fiber Grating Fabrication and Characterization

The polarizing fiber grating used in the experimeete inscribed in a conventional telecom fibengghe standard
phase mask scanning technique and a 244 nm UVesdunm a CW frequency doubled Alaser. The fibers were
hydrogen loaded at 150 bar and 80°C for two dayisr pio the UV inscription to further enhance the
photosensitivity. The phase mask with a uniformigzeof 1800 nm was specially designed to have tivgé
pattern tilted at 33.7° with respect to the fibgisawhich would generate internal tilted indexnffes at 45° in the
fiber core with a wide radiation response arouratiiecom window. The insertion loss and PDL ofpibéarizing
grating was characterized through a commercial oreagent kit (from LUNA system) incorporating a tbiealaser
showing the response of the grating in the range fi525 nm to 1608 nm. This measured spectral rarage
defined by the spectra range of the available tenlaser. Fig. 1(a) depicts the insertion losshef grating within
the measurement range, illustrating an average dB.ihsertion loss across the entire spectrunpflight while a
huge loss fos-light. This is in contrast to a standard fibertgrg where no noticeable PDL will be observed. Fig.
1(b) shows the characteristic PDL of the polariziiger grating over a large wavelength range whiokers the
typical gain bandwidth of erbium doped fiber. Itabvious to see that the PDL has a wavelength dkgrey and
the maximum PDL value at 1550 nm is ~30 dB.
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Fig.1 Measured (a) insertion loss of p-light arjkt; (b) PDL response of the polarizing grating

3. Fiber laser Setup and Experimental Results

The configuration of the polarizing grating basedde-locked erbium-doped fiber laser is depicte&im 2. The

laser consists of ~1.2 m highly doped erbium-ddijset (EDF) with nominal absorption coefficient €80 dB/m at

1530 nm and GVIB,= +66.1 p&km. The rest of the cavity consists of ~0.4 m E6Q fiber with anomalous GVD
Bo= -7 pS/km and ~2.6 m SMF28 witR,= -22.8 p&km. The net GVD of the laser cavity is ~0.013 péich is

slightly normal therefore showing our laser workghe stretch pulse regime. One polarization inddpet optical

isolators (OIS) are used to ensure single directisdillation. The fiber laser is pumped through avelength

division multiplexer (WDM) from a grating stabilided75 nm laser diode. A commercial laser diode edriand

controller are employed to stabilize the pump la3&ro in-fiber polarization controllers (PC1 & PCa)e located
before and after the polarizing grating to perfdd®R mode locking. Two 90:10 fiber couplers are exyetl to tap

10% of laser power out of the cavity where onerddser outputs after the gain fiber and the oihércated before
the WDM for studying the pulse dynamics within taavity.
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Fig.2 schematic of mode-locked ultrashort pulserfiaser with polarizing fiber grating. The insesketch of the
polarizing fiber grating.

By properly adjusting PC1 and PC2 in the systemblst mode-locked pulses can be easily achieved. The

optical pulses duration have been examined usiognamercial optical autocorrelator. The lead fib&tre laser
output port was cut gradually to about 2.3 m ineorth optimize the obtained pulse duration. Fig) 3hows the
full-width half-maximum (FWHM) of autocorrelatiomace is 127 fs corresponding to pulse duration9gf fs when
Gaussian fit is assumed. The estimated pulse daratioutput point of the laser cavity is 1.2 gg. B(b) shows the
optical spectrum profile centered at 1575 nm fothboutput port and monitor port with a spectral dbainth at
FWHM of ~54 nm, thus giving a time-bandwidth protlo€ ~0.58, indicating the compressed Gaussianepisia
little beyond the transform limited. This is podgibwing to the third-order dispersion of the lasawity and the
outside compression fiber. With the measured pdiseation and spectra width of the compressed pulse,
calculated pulse duration at the output point ef lser cavity is 2.4 ps. A typical pulse trairsli®wn in Fig. 3(c)



with a ~21 ns interval between two adjacent pulgeéng a repetition rate of ~47.8 MHz. The outputse power is

8 mW, which corresponds to the output energy of.681nJ. Fig. 3(d) shows the RF spectrum of laser at
fundamental frequency showing a high signal to eoéio of ~65 dB. The laser is stable under lafooyacondition

for >24 hours. Although many modern mode-locke@daprovide higher energy pulses with shorter damat here

we have realized the genuine all-fiber mode-lodkidhshort laser using the polarizing fiber gratiitgs noted that
the output spectra from the different ports haweilar spectral profile and width, except distinciwer difference.
Since the net GVD is slightly normal, the laser kgoin a dissipative stretch-pulse regime.
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Fig.3 Measured characteristics of laser (a) autetation trace (black line) and its Gaussian fijt{ned dotted line), (b)
optical spectra of both output (black line) and itmmn(red dotted line) ports; (c) pulse trains; RIj spectrum.

4. Conclusions

In conclusion, we have successfully demonstratstlesich pulse mode locked erbium doped fiber laased on
a polarizing fiber grating. The unique polarizatiproperty of the grating guarantees a compact atedjiated all-
fiber structure. To the best of our knowledge, thithe shortest pulse generated from a fiber mgatiode locked
erbium doped fiber laser.
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