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PD: power detector, DC-ZBLAN: double cladding fluoride fiber,

LD: laser diode
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Fig.l (a) Schematic diagram of tapered pump fiber parameters;
(b) Schematic diagram of the pump-signal coupling process;

(c) Diagram of combiner test device
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Tab.1 Test results of combiner’s coupling efficiencies

under different pump fiber tapering para-
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Fig.2 (a) Evolution diagram of combiner output power with pump
power increasing; (b) Evolution diagram of combiner holder’s

temperature with pump power increasing
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Fig.3 Mid-infrared all-fiber superfluorescence fiber source experimental device

WL T R M 1.8 W B, 2714 nm Ab 145 I 4y
HIF IR /)N, 2785 nm Fff 3T (4 4 5k 4 H: 1 i 4k 22 1
K, BRGSO LT R G TR OGO B n, W AR

BREG T 5, b RBARL T 2, 2 ORI B
2 714 nm B 1, BT BT ERIT B EOL SRR
10, WORZSRELEN, o LR T RSP0 2 785 nm

202301014



s Gk A2

www.irla.cn

% 52 %

@

Output power/W
&
)

|
N
W)

2700 2720 2740 2760 2780 2800 2820
Wavelength/nm

(b)

Intensity/dB

Wavelength/nm

4 (a) UL FRAE 0.39~1.8 W 9 i 21 4188 5 6 ol 16 1 Ak ] 5
(b) ZEHIIZAE 1.8~5.6 W T P LN ZO L LEE L E

Fig.4 (a) Evolution of mid-infrared superfluorescence spectra at the
pumping power of 0.39-1.8 W; (b) Evolution of mid-infrared

superfluorescence spectra at pump power of 1.8-5.6 W
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Fig.5 Energy level structure diagram of Er**
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Mid-infrared side-pumping combiner and

all-fiber superfluorescent fiber source (invited)

Zhu Xiran'*?, Zhang Bin'**", Chen Zilun'**, Zhao Desheng'**, Yang Linyong'?**, Hou Jing'**

(1. College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China;
2. Nanhu Laser Laboratory, National University of Defense Technology, Changsha 410073, China;
3. Hunan Provincial Key Laboratory of High Energy Laser Technology, National University of Defense Technology,
Changsha 410073, China)

Abstract:

Objective Mid-infrared superfluorescent fiber sources (SFS), working between fluorescent and laser, not only
have good spatial coherence, wide emission spectrum and high brightness, but also have no mode competition, no
relaxation oscillation and high temporal stability compared to laser. It has been applied to gas detection, optical
coherence tomography, and optical fiber sensing. At present, most of the reports on SFS focus on the near infrared
band of 1-2 um, while in the mid-infrared band, there are few reports. Besides, all the works on mid-infrared SFS
is based on the space pumping structure, which is mainly caused by the lack of mid-infrared side-pump combiner.
In the scheme of space pumping, pump laser is collimated and then focused into the end face of the gain fiber to
realize the coupling, and the mid-infrared SFS filtering is realized through a dichroic mirror and a long-wave
filter. The structure of this scheme is relatively complex and the system stability is poor. Besides, the end face of
the fluoride fiber is easy to be damaged due to the end face pumping, so the injected pump power is limited.
Therefore, the development of the mid-infrared side pump combiner can not only realize all fiber structure of mid-
infrared SFS and overcome the problems caused by space pumping, but also realize high-power mid-infrared SFS
output through backward pump. For this purpose, a home-made mid-infrared fiber side-pumping combiner and
mid-infrared all fiber SFS are designed and realized in this paper.

Methods Firstly, a home-made mid-infrared fiber side pumping combiner is developed on a passive double clad
fluoride fiber with 125 pum cladding diameter by tapered fiber side coupling principle (Fig.1). Influence of
different tapering fiber profiles on combiner’s coupling efficiency has been studied. The output power and heating
condition of the combiner as the pump power increasing have also been studied. Secondly, a home-made mid-
infrared fiber side pumping combiner is developed directly on a Er**-doped double clad fluoride fiber to obtain
mid-infrared all-fiber SFS by the same way. Both ends of the gain fiber are cut at 12° to reduce the threshold of
laser self-excited oscillation and increase the output power of mid-infrared SFS. When the output is measured, the
output is collimated through a calcium fluoride lens at first and then filtered through a 2.4 pm long wave filter
(LF) to remove the residual pump light at 976 nm and SFS near 1550 nm to obtain pure mid-infrared SFS (Fig.2).
Both forward and backward output power and spectrum are measured.

Results and Discussions Optimized tapering parameters of 5 cm taper length, 1.5 cm waist length and 15 pm
waist diameter has been chosen. At the maximum pump power of 87.5 W, the output power of the combiner
reaches 71.3 W, and the highest hot spot of combiner reaches 105 °C. The corresponding coupling efficiency and

the maximum pump power are up to 82.3% and 87.5 W, respectively. By fabricating side-pumping combiner on
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the Er’*-doped double clad fluoride fiber directly, the generation of all-fiber mid-infrared SFS source is achieved.
The mid-infrared SFS power sum is 91.09 mW (backward output of 53.67 mW, forward output of 37.42 mW),
and the output spectrum ranges from 2702 nm to 2830 nm. The maximum 20 dB bandwidth reaches 108 nm
when SFS power is 33.03 mW. This proposed scheme overcomes the problems of spatial pump’s high complexity
and difficult adjustment, and is of great significance for further power amplification of mid-infrared SFS.
However, the gain fiber used in this paper has a low doping concentration and a short fiber length, which limits
the improvement of the output power and efficiency of mid-infrared SFS. In the future, the power can be further
improved by increasing the doping concentration of fiber to alleviate the self-terminating phenomenon of Er’*
level and optimizing the length of gain fiber to improve the absorption efficiency of pump laser.

Conclusions This paper reports the development of mid-infrared side-pumping combiner and all-fiber SFS
source. Based on the side-coupling principle of tapered fiber, a mid-infrared side-pumping combiner is developed
on the passive double-clad fluoride fiber with a cladding diameter of 125 pm. The coupling efficiency of the
combiner is up to 82.3%, and the maximum available pump power is 87.5 W. By directly fabricating the combiner
on the gain fiber, this paper realizes the generation of all-fiber mid-infrared SFS source for the first time. The
maximum power sum of mid-infrared SFS output forward and backward is 91.09 mW (backward output of
53.67 mW, forward output of 37.42 mW), and the output spectrum ranges from 2702 nm to 2830 nm. When the
total output power of mid-infrared SFS is 33.03 mW, the maximum bandwidth of 20 dB at 108 nm is obtained.
The mid-infrared side-pumping combiner and the all-fiber SFS source developed in this paper can not only
improve the compactness and reliability of the mid-infrared SFS source, but also provide a good solution for

further power amplification of the mid-infrared SFS source.
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