IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

Self-Q-switched Er-Yb double clad fiber laser with dual wavelength or tunable single

wavelength operation by a Sagnac interferometer

This content has been downloaded from IOPscience. Please scroll down to see the full text.
2015 Laser Phys. 25 075102
(http://iopscience.iop.org/1555-6611/25/7/075102)

View the table of contents for this issue, or go to the journal homepage for more

Download details:

IP Address: 200.23.5.100
This content was downloaded on 27/05/2016 at 16:22

Please note that terms and conditions apply.



iopscience.iop.org/page/terms
http://iopscience.iop.org/1555-6611/25/7
http://iopscience.iop.org/1555-6611
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

IOP Publishing | Astro Ltd

Laser Physics

Laser Phys. 25 (2015) 075102 (6pp)

doi:10.1088/1054-660X/25/7/075102

Self-Q-switched Er-Yb double clad fiber
laser with dual wavelength or tunable
single wavelength operation by a Sagnac

interferometer

R | Alvarez-Tamayo', M Duran-Sanchez'2, O Pottiez?, B Ibarra-Escamilla’,

M Bello-Jiménez* and E A Kuzin!

! Instituto Nacional de Astrofisica, Optica y Electrénica (INAOE), L. E. Erro 1, Sta. Ma. Tonantzintla,

Pue. 72824, Mexico

2 Consejo Nacional de Ciencia y Tecnologia (CONACyT), Av. Insurgentes Sur No. 1582, Col. Crédito

Constructor, Del. Benito Juérez, C. P. 039040, México

3 Centro de Investigaciones en Optica (CIO), Loma del Bosque 115, Col. Lomas del Campestre, Ledn,

Gto. 37150, Mexico

4 Instituto de Investigacién en Comunicacion Optica (IICO), Universidad Auténoma de San Luis Potosi,

Av. Karakorum 1470 Lomas 4° Secc., San Luis Potosi 78210, México

E-mail: mduransa@conacyt.mx

Received 10 April 2015, revised 14 April 2015
Accepted for publication 17 April 2015
Published 27 May 2015

Abstract

®

CrossMark

We report a self-Q-switched Erbium-Ytterbium-doped double cladding fiber ring laser with
dual wavelength or tunable single wavelength operations. A Sagnac interferometer with a
high birefringence fiber in the loop was used for the wavelength tuning of the single line
operation and cavity loss adjustment for dual wavelength laser operation. Single wavelength
laser operation for a pump power of 421 mW tunable in a range of 1561.4nm to 1569.8 nm
and dual wavelength laser operation at 1561.1 nm and 1571.4nm with equal output powers are

presented.
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1. Introduction

Q-switched fiber lasers are attractive optical sources for appli-
cations in remote sensing, medicine, and terahertz generation,
among others. The Q-switching technique in fiber lasers has
been studied extensively [1-3]. Typically, this technique is
used to obtain higher pulse energies at a repetition rate around
100kHz, and pulse duration in the nanoseconds range. Several
passive and active Q-switching methods for fiber lasers
have been reported [4—11]. Experimental setups for passive
Q-switched fiber lasers include the use of carbon nanotubes
or graphene acting as saturable absorbers [12—16]. In this
case, the pulse characteristics are modified by pump power.
Commonly, passive Q-switching lasers have the advantage of

1054-660X/15/075102+6$33.00

a simple design and low cost since they do not require the use
of modulators and its electronics. It was also demonstrated
that Q-switched pulses can be generated by unpumped sec-
tions of a rare-earth-doped fiber used as saturable absorbers.
This passive Q-switched technique called self-Q-switching
(SQS) has also been reported [17-22]. Kir’yanov has studied
pulsed laser operation implying the power-dependent thermo-
induced lensing in an all-fiber Erbium laser [17]. Zhang in
[22] has presented a SQS all-fiber laser using a long segment
of Erbium/Ytterbium double cladding (EYDC) fiber in a ring
fiber laser incorporating a Mach-Zehnder interferometer. To
the best of our knowledge, stable fiber lasers by SQS tech-
nique with a dual-wavelength or tunable single-wavelength
operation, have not been yet reported.

© 2015 Astro Ltd  Printed in the UK
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In this paper, we experimentally demonstrate dual-wave-
length or tunable single-wavelength laser operations with the
SQS technique in a ring cavity fiber laser using an EYDC fiber
as a gain medium. A Sagnac interferometer (SI) is used as
a spectral filter. The SI loop includes a Hi-Bi fiber and has
a periodic dependence of the reflection/transmission on the
wavelength. The dependence can be shifted by changing the
temperature of the Hi-Bi fiber which allows dual-wavelength
or single tunable wavelength generation [23]. When the tem-
perature of the Hi-Bi fiber is 20°C and at the maximal pump
power of 575 mW, stable SQS laser emission at 1565.15nm,
with a repetition rate of 25kHz and pulse duration of 4.1 us
is observed. The single wavelength can be tuned in a range
from 1561.4nm to 1569.8 nm by temperature variations of the
Hi-Bi fiber from 15.8 °C to 23 °C. Stable dual wavelength laser
operation with equal output powers is generated at 1561.1 nm
and 1571.4nm, with temperatures of 15.4°C and 23.5°C. The
difference of 8.1 °C corresponds to the displacement of the SI
spectrum by one period.

2. Experimental setup

The proposed experimental setup is presented in figure 1.
The cavity includes a 3-m length of EYDC fiber (CoreActive
DCF-EY-10/128) with core numerical aperture of 0.20, core
diameter of 10um and outer clad diameter of 128 um. The
EYDC fiber is used as a gain medium. An un-pumped sec-
tion of the same fiber also acts as a saturable absorber. The
EYDC fiber is pumped at 976nm by a multimode high-
power source through a beam combiner. The ring cavity is
completed by a Sagnac interferometer with Hi-Bi fiber in the
loop (Hi-Bi SI), the 50/50 coupler 2, and a fiber isolator. The
Hi-Bi SI formed by the 50/50 coupler 1 whose output ports
are connected by ~55 cm of Hi-Bi fiber with birefringence of
4.125 x 107 is used as spectral filter with periodical trans-
mission spectrum. The spectrum can be displaced by tempera-
ture changes of the Hi-Bi fiber. The coupler 2 output port is
used to measure the output laser power and the spectrum by a
photodetector (observed on an oscilloscope) and by an OSA,
respectively.

3. Experimental results and discussion

The calculated Hi-Bi SI wavelength transmission period is
~10.6nm and the temperature period is 8.1 °C [23]. Figure 2
shows the Hi-Bi SI transmission spectrum measured at the
output port of the coupler 2. The measurements were per-
formed with the cavity open between the coupler 2 and the
isolator with an ASE as an input signal when the pump power
is below the laser threshold. The temperature of the Hi-Bi fiber
loop was 22.3 °C. Measurements were performed in the range
from 1539nm to 1564nm by an OSA. The SI was adjusted
to have maximum contrast between maximum and minimum
transmission [23]. As it is seen, the measured spectrum period
is ~10.3nm. The SI spectrum can be displaced by fiber loop
temperature changes [23]. This SI feature is used for laser
wavelength tuning.

976 nm
pump

Beam
Combiner

Coupler 1

Coupler 2

Qutput
Port

Figure 1. Self Q-switched fiber laser experimental setup.

Figure 3 shows the measured pulses for single wavelength
laser operation. The experimental results were obtained at a
Hi-Bi fiber temperature of 20°C in which lasing is generated
at 1565.15nm. Figure 3(a) shows the pulse trains for pump
power variations in a range from 193 mW to 575 mW where
stable SQS pulses are observed. As it can be seen, when pump
power increases, both repetition rate and pulse peak power
increase. With pump powers above 600 mW the laser is oper-
ating in CW regime (the un-pumped doped-fiber section act-
ing as a saturable absorber is not long enough to generate
SQS pulses at high pump power). On the other hand, with
pump power below 193 mW, laser emission is not generated.
Figure 3(b) shows the dependence of the repetition rate and
the pulse duration on pump power variations. As it is shown,
for the minimal pump power of 193 mW in which SQS pulses
are generated, pulse duration is ~12us with a repetition rate
of 6kHz. For the maximal launched pump power of 575 mW
in which pulses are observed, pulse duration is ~4.1 us with a
repetition rate of 25 kHz.

Figure 4 shows the dependence of the wavelength of the
SQS laser on the temperature of the Hi-Bi fiber in the SI
loop. The pump power was 421 mW. The results show that
with the increase of temperature from 15.8 °C to 23 °C, the
laser line shifts toward shorter wavelengths, from 1569.8 nm
to 1561.4nm. As it can be seen, at temperatures of 15.4°C
and 23.5°C, dual wavelength operation with equal powers
at 1571.4nm and 1561.1nm is observed. The simultane-
ously generated wavelengths approximately correspond to
the maxima of the SI transmission. The separation between
the generated wavelengths coincides with the Hi-Bi SI spec-
trum period of 10.3 nm. Dual wavelength laser operation is
repeated for each 8.1°C of the temperature change of the
Hi-Bi fiber. For these temperatures two laser lines have the
same conditions for generation. When the SI transmission
spectrum moves to longer wavelengths (lower temperature)
or to shorter wavelengths (higher temperature) the laser line
between 1561.4nm and 1571.4 nm has preferable conditions
for generation than the laser line longer than 1571.4nm
or shorter than 1561.4nm, and single line generation is
observed.

Figures 5(a) and (b) show the dependence of the rep-
etition rate and the pulse duration respectively on the pump
power measured for the laser tuned to different wavelengths.
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Figure 2. Hi-Bi SI output signal spectrum.
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Figure 3. SQS fiber laser single wavelength operation tuned at 1565.15nm under pump power variations, (a) pulses profiles, (b) dependence
of the repetition rate and pulse duration on pump power.

We perform the measurements for a wavelength range from pump power, the repetition rate increases and the pulse dura-
1561.3nm to 1569.1nm and for a pump power range from tion decreases. With the laser line tuning to longer wave-
193mW to 478 mW. As it is shown, when we increase the lengths, pulse duration increases slightly. As it can be seen the
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Figure 7. SQS dual wavelength laser operation, (a) Pulse train for each generated wavelength, (b) repetition rate and pulse duration versus

pump power for lines at 1571.3nm and 1561.1 nm.

effect of the wavelength tuning on the pulse repetition rate and
the pulse duration is not significant.

At 23.5°C the laser generates two wavelengths with equal
powers. Figure 6 shows the measured spectrum for dual
wavelength emission. The spectrum was measured at a pump
power of 484 mW. Laser lines with equal powers are centred
at 1561.1nm and 1571.4nm.

Figure 7 shows the experimental results for SQS dual-
wavelength laser operation. Figure 7(a) shows the pulse
trains for each generated wavelengths (individually filtered
by a monochromator) with a pump power of 421 mW. The
generated laser lines at 1561.1nm and 1571.3nm present
similar repetition rates of ~15kHz. Figure 7(b) shows the
dependencies of the repetition rate and pulse durations on
pump power. The pulses for each line were filtered by the
monochromator. As it can be seen, the repetition rate for
each wavelength varies approximately over the same range
from 5kHz to 18kHz as in the case of single wavelength
operation. For the line at 1561.1 nm the pulse duration lies
in a range from 6.3 us to 12 us, and for the line at 1571.3nm
in a range from 9.5us to 14.7us. The measurements were
performed with a pump power variation from 193 mW to
478 mW. The pulse duration for the longer wavelength is
longer than for the shorter wavelength, as it can also be
noticed from figure 7(a).

4. Conclusions

We have experimentally demonstrated a stable SQS ring cav-
ity fiber laser with dual-wavelength or tunable single wave-
length operations based in an EYDC fiber as a gain medium
with an un-pumped section acting as a saturable absorber. A
Hi-Bi SI is used for wavelength tuning in single wavelength
operation and for cavity loss adjustment for simultaneous
dual wavelength operation. With a pump power of 575mW,
stable SQS pulses with duration of 4.1 us and repetition rate
of 25kHz are obtained at room temperature. Tunable single
wavelength laser operation with pump power of 421 mW, is
possible over a range of ~8.4nm with temperature changes in
a range of ~7.2°C. Dual wavelength laser operation is gener-
ated at 1561.1 nm and 1571.4nm with temperatures of 15.4°C
and at 23.5 °C corresponding to the SI spectrum displacement
by one period of 10.3nm.

Acknowledgments

M Duran-Sanchez was supported by Catedras-CONACyT
project 2728. R 1 Alvarez—Tamayo wants to thanks CONA-
CyT postdoctoral fellow 160248. E A Kuzin was supported by
CONACYT Grant No. 130966.



Laser Phys. 25 (2015) 075102

R | Alvarez-Tamayo et al

References

[1] Cheng X P, Tse C H, Shum P, Wu R F, Tang M, Tan W C and
Zhang J 2008 J. Light. Technol. 26 945

[2] Escalante-Zarate L, Barmenkov Y O, Kolpakov S A, CruzJ L
and Andrés M 'V 2012 Opt. Express 20 4397

[3] Gonzélez-Garcia A, Ibarra Escamilla B, Pottiez O, Kuzin E A,
Maya-Ordofiez F, Duran-Sanchez M, Deng C, Haus ] W
and Powers P E 2013 Opt. Laser Technol. 48 182

[4] Anderson TV, Pérez-Millan P, Keiding S R, Agger S,
Duchowicz R and Andrés M 'V 2006 Opt. Commun. 260 251

[5] Chen N K, Feng Z Z and Liaw S K 2010 Laser Phys. Lett.
7 363

[6] Pérez-Millan P, Diez A, Andrés M V, Zalvidea D and
Duchowicz R 2005 Opt. Express 13 5046

[7] Gong M, Peng B, Liu Q and Yan P 2008 Laser Phys. Lett.
5733

[8] Delgado-Pinar M, Zalvidea D, Diez A, Pérez-Millan P and
Andrés M'V 2006 Opt. Express 14 1106

[9] Duran-Sanchez M, Alvarez-Tamayo R I, Pottiez O,
Ibarra-Escamilla B, Hernandez-Garcia J C, Beltran-Pérez G
and Kuzin E A 2015 Laser Phys. Lett. 12 025102

[10] He X, Luo A, Lin W, Yang Q, Yang T, Yuan X, Xu S, Xu W,
Luo Z and Yang Z 2014 Laser Phys. 24 085102
[11] Duran-Sanchez M, Kuzin E A, Pottiez O,

Ibarra-Escamilla B, Gonzalez-Garcia A, Maya-Ordofiez F,

Alvarez—Tamayo R I and Flores-Rosas A 2014 Laser Phys.
Lett. 11 015102

[12] Dong B, Hao J, Hu J and Liaw C-Y 2011 Opt. Fiber Technol.
17 105

[13] Dong B, Liaw C-Y, Hao J and Hu J 2010 Appl. Opt.
49 5989

[14] Popa D, Sun Z, Hasan T, Torrisi F, Wang F and Ferrari A C
2011 Appl. Phys Lett. 98 073106

[15] Zhou D-P, Wei L and Liu W-K 2012 Appl. Opt. 51 2554

[16] Loroche M, Chardon A M, Nilsson J, Shepherd D P,
Clarkson W A, Girard S and Moncorgé R 2002 Opt. Lett.
27 1980

[17] Kir’yanov AV, Il"ichev N N and Barmenkov Y O 2004 Laser
Phys. Lett. 1 194

[18] Kir’yanov A V and Barmenkov Y O 2006 Laser Phys. Lett.
3498

[19] Jia Z-X, Yao C-F, Kang Z, Qin G-S, Ohishi Y and Qin W-P
2014 J. Appl. Phys. 115 223103

[20] Cruz Vicente S G, Martinez Gamez M A, Kir“yanov A 'V,
Barmenkov Y O and Andres M V 2004 Quantum Electron.
34 310

[21] Tsai TY and Fang Y C 2009 Opt. Express 17 21628

[22] Zhang S M, Lu FY and Wang J 2006 Opt. Commun.

26347

[23] Alvarez-Tamayo R I, Durdn-Sanchez M, Pottiez O, Kuzin E A,
Ibarra-Escamilla B, and Flores-Rosas A 2011 Appl. Opt.
50 253


http://dx.doi.org/10.1109/JLT.2008.917370
http://dx.doi.org/10.1109/JLT.2008.917370
http://dx.doi.org/10.1364/OE.20.004397
http://dx.doi.org/10.1364/OE.20.004397
http://dx.doi.org/10.1016/j.optlastec.2012.10.021
http://dx.doi.org/10.1016/j.optlastec.2012.10.021
http://dx.doi.org/10.1016/j.optcom.2005.10.036
http://dx.doi.org/10.1016/j.optcom.2005.10.036
http://dx.doi.org/10.1002/lapl.201010003
http://dx.doi.org/10.1002/lapl.201010003
http://dx.doi.org/10.1002/lapl.201010003
http://dx.doi.org/10.1364/OPEX.13.005046
http://dx.doi.org/10.1364/OPEX.13.005046
http://dx.doi.org/10.1002/lapl.200810063
http://dx.doi.org/10.1002/lapl.200810063
http://dx.doi.org/10.1364/OE.14.001106
http://dx.doi.org/10.1364/OE.14.001106
http://dx.doi.org/10.1088/1612-2011/12/2/025102
http://dx.doi.org/10.1088/1612-2011/12/2/025102
http://dx.doi.org/10.1088/1054-660X/24/8/085102
http://dx.doi.org/10.1088/1054-660X/24/8/085102
http://dx.doi.org/10.1088/1612-2011/11/1/015102
http://dx.doi.org/10.1088/1612-2011/11/1/015102
http://dx.doi.org/10.1016/j.yofte.2010.12.001
http://dx.doi.org/10.1016/j.yofte.2010.12.001
http://dx.doi.org/10.1364/AO.49.005989
http://dx.doi.org/10.1364/AO.49.005989
http://dx.doi.org/10.1364/AO.49.005989
http://dx.doi.org/10.1063/1.3552684
http://dx.doi.org/10.1063/1.3552684
http://dx.doi.org/10.1364/AO.51.002554
http://dx.doi.org/10.1364/AO.51.002554
http://dx.doi.org/10.1364/OL.27.001980
http://dx.doi.org/10.1364/OL.27.001980
http://dx.doi.org/10.1002/lapl.200310048
http://dx.doi.org/10.1002/lapl.200310048
http://dx.doi.org/10.1002/lapl.200610039
http://dx.doi.org/10.1002/lapl.200610039
http://dx.doi.org/10.1002/lapl.200610039
http://dx.doi.org/10.1063/1.4883242
http://dx.doi.org/10.1063/1.4883242
http://dx.doi.org/10.1070/QE2004v034n04ABEH002672
http://dx.doi.org/10.1070/QE2004v034n04ABEH002672
http://dx.doi.org/10.1364/OE.17.021628
http://dx.doi.org/10.1364/OE.17.021628
http://dx.doi.org/10.1016/j.optcom.2006.01.022
http://dx.doi.org/10.1016/j.optcom.2006.01.022
http://dx.doi.org/10.1016/j.optcom.2006.01.022
http://dx.doi.org/10.1364/AO.50.000253
http://dx.doi.org/10.1364/AO.50.000253
http://dx.doi.org/10.1364/AO.50.000253

