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States switchable fiber laser mode-locked by nonlinear polarization rotation in all
polarization maintaining fiber
The University of Tokyo !, ° Guanyu Ye!, Bowen Liu', Naoki Yamaguchi', Maolin Dai!, Yifan Mal,
Takuma Shirahata!, Shinji Yamashita', Sze Y. Set!
E-mail: ye@cntp.t.u-tokyo.ac.jp

Mode-locked fiber lasers (MDFLs) find extensive application in sensing, spectroscopy, bioimaging, material
processing, and optical communications [1]. Mode-locking states including bound states, fundamental
solitons, harmonics, dual-wavelength, and noise-like states, offer unique capabilities for applications of
binary coding, frequency comb, and supercontinuum generation. Multi-functional MDFLs, capable of
achieving multiple mode-locking states within a single laser cavity by employing mode-switching
mechanisms, have gained significant interest due to their exceptional practicality and versatility [2]. Here,
we proposed the first multifunctional EDFL mode-locked by nonlinear polarization rotation (NPR) in all
polarization maintaining (all-PM) fiber. The laser operates in all-anomalous dispersion regime, yielding
switchable mode-locking states of noise-like, bound-state, and unstable dual-wavelength by simply adjusting
half wave plates (HWP).

The experimental setup in Fig. 1 includes a slow axis working PM hybrid device as a WDM, polarizer,
and 20% output coupler. A 1.5 m PM EDF (Nufern ESF-7/125) serves as the gain medium, and the remaining

passive fiber are the PM type (Fujikura SM15-PS-U25A). The = »
) ) ) . 980LD ﬁap 20%
NPR section consists of 90° spliced fiber segments with a total

PM-TIWDM
length of 10 m, two collimator pairs, two HWPs, and a PBS. Collimator
The cavity length is approximately 20 m, and the net GVD is PM-EDF 90° splice HWPL =S
estimated to be -0.41 ps?> at 1550 nm, indicating the laser _____________ |
operates in the soliton regime. By applying a pump power of | 2
HWP2

480 mW and properly adjusting two HWPs, a noise-like pulse Fig. 1 Experimental setup of the EDFL
can be achieved, as shown in Fig. 2(a). Subsequently reducing the pump to 230 mW, a bound-state pulse
emerges as depicted in Fig. 2(b). Further adjustment of HWP1 lead to unstable dual-wavelength mode-
locking demonstrated in Fig. 2(c). The laser self-starts easily at around 500 mW pump power and maintains

mode-locking for 2 days during a stability test.
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Fig. 2. Three mode-locking states. (a) Noise-like; (b) Bound-state; (c) Dual-wavelength

[1]J Kim, et al., Adv.Opt.Photon. 8(3), 465-540 (2016). [2] T Dai, et al., Opt.Express. 30(10), 1653016540 (2022).
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[1] L. Coddington, et al., Optica 3, 414 (2016).
[2] Y. Nakajima, et al., Opt. Lett., 46, 5401 (2021).
[3]Y. Nakajima, et al., CLEO2022, JTh3A.26 (2022).
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Fig. 1 (a) Experimental setup of an all-polarization maintaining fiber laser. (b) Optlcal spectrum and (c)
RF spectrum of frequency comb
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[1]R. Apetz et al., J. Ame. Ceram. Soc., 86,480 (2003). [2] H. Furuse et al., Sci. Rep., 9, 10300 (2019).
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100———T———T—T—T—T— 10—T——TF—T—T—T—T——T1—
% |-Theoretical transmittance_.._...._.........J o |-Theoretical transmittance ... _._._.......J
X X
g b 7 ] g |
E 50k FAP Er:S._ é 50k AP Tm:S 4
L 445 — 4 - _ L 3 ]
S snm'> ErS-FAP 2 Tm:$-FAP
0] i i 0] i 7
% FAP Er:S 4 TE - JHG — 3H4 ;‘AP TmZS B
£ Er:S-FAP £ F 793nm Tm:S-FAP
0 | TR T N1 | - | 0 | T IS T S S T '
800 1200 1600 800 1200 1600
Wavelength (nm) Wavelength (nm)
Fig. 1. In-line transmittance of Er:S-FAP  Fig. 2. In-line transmittance of Tm:S-FAP
transparent ceramics. transparent ceramics.

© 2023F I[CRAYEER 03-271 3.4



21p-P13-4 HBACS AN ARESIHES WETHE (2023 fARA—LIEN3LIE)

Nanosecond Ti:Sapphire pulse compression characteristics by the SBS technique
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e-mail: haik@ilt.or.jp

Pulse compression devices for ns pulses could find applications in material processing, resonance
Raman spectroscopy (RRS), etc. However, pulse compression techniques used for fs - ps time domains
cannot be applied to ns pulses. Outside the optical resonator, pulse compression from several ns to sub-ns
can be achieved only by stimulated Brillouin scattering (SBS) nonlinear light-matter interaction process.

In our previous reports [1-4], a pulse compressor system with a variable-length, compact/folded SBS
amplifier cell for ns pulse compression applications was described. An SBS pulse compressor was designed
and built. Pulse compression experiments of ~ 18 ns duration, ~ 30 mJ energy Ti:Sapphire laser pulses at
780 nm, 800 nm, and 820 nm were performed. Although the pulses could be compressed from 18 to 8.7 ns,
the SBS energy conversion efficiency decreased to ~ 30%. The main problems hindering the pulse
compression ratio and energy conversion efficiency have been identified.

In the present report, we will describe efforts to solve the identified problems. Firstly, to reduce the
linewidth of the optical pulses, we have used a Fabry-Perrot etalon inside the laser resonator. Second, the
effective SBS interaction length has been optimized, and third, the performance of another SBS liquid
(FC-40 fluorocarbon) with a shorter phonon lifetime has been tested.

As expected, due to the shorter phonon lifetime (0.2 ns vs. 1.2 ns), the compressed pulse FWHM in
FC40 vs. FC72 was more efficient. The SBS energy conversion efficiency at around 770 - 800 nm range
was still low, ~ 0.55 (~ 0.7, if linear optical losses of the system are taken into consideration) for both
FC-72 and FC-40 SBS liquids. Compared with the case without inserting the etalon and the same effective
length of the SBS cell (Ls ~ 1.5 m or 3 passes), the pulse width decreased from 11. 2 ns to 7.0 ns, and the
energy efficiency improved from ~ 42 % to ~ 55 %. Our analysis shows that the main reason for the low
energy conversion efficiency is still the short coherence length of the pump pulses (Lc ~ 13.5 cm,
bandwidth ~ 2.23 GHz). Compared with the SBS interaction length, the laser beam coherence length is still
about 10 times smaller. Obviously, the pulses generated by the gain-switching technique have much
broader (~ 100 times) spectra compared with the same duration transform-limited pulses. To increase the
efficiency of the SBS process, which is an inherently coherent process by its nature, pulses with longer
coherence length (narrowband) must be used. By comparing the measured pulse bandwidth (~ 2.23 GHz)
with the Brillouin bandwidths of FC-72 (0.27 GHz) and FC-40 (1.292 GHz) liquids it becomes clear that
the pulse- versus the gain spectrum is broader in both media hence, a conversion efficiency loss is
unavoidable.

In our forthcoming experiments, we will build an SHG unit and investigate the SHG conversion
efficiency and stability of the compressed pulses in a broader spectral region. Our goal will be to obtain
shorter SHG pulses and higher peak power for compressed pulses compared with the pulses before the
compression.

[1] H. Chosrowjan, et al., presentation No.: 24p-P05-5, % 69 [alii F ) B F o B AT 2

[2] H. Chosrowjan, et al., presentation No.: 21p-P04-5, 5 83 [Rlii B KR EATRh T

[3] H. Chosrowjan, et al., presentation No.: 15a-PB01-3, % 70 [A1ii M HE 2 BN RIH S

[4] H. Chosrowjan, et al., presentation No.: ALPSp2-06, OPTICS&PHOTONICS International Congress
2023 (OP1C2023)
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