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Single-Longitudinal-Mode Narrow Linewidth Fiber Lasers
Abstract

Using High Roundness Microsphere as Mode Selector

Wan Hongdan, Ding Zuoqin, Wang Jie, Liu Lingian, Zhang Zuxing
Nanjing, Jiangsu 210023, China

Advanced Photonic Technology Laboratory, Nanjing University of Posts and Telecom munications,

A double-ring cavity fiber laser based on a high roundness microsphere cavity as the single-longitudinal-
mode selector is proposed. By the improvement of the melt heating technology and surface cleaning process,

Bl

microsphere cavities with high roundness and high Q are obtained. We achieve highly efficient coupling between the
tapered fiber and the microsphere cavity by using a two-dimensional visual and three-dimensional high-precision
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coupling system. Through optimizing the polarization of incident light and the diameter of tapered fiber, we obtain
OCIS codes

140.3510; 140.3948; 140.3945; 140.3570

e
whispering gallery mode (WGM) resonance spectrum with coupling efficiency of 99.5%, a 3 dB bandwidth of 1 pm
spectra with a 3 dB linewidth less than 0.01 nm, a SMSR of 40 dB and a high stability without mode-hopping.

and a side-mode-suppression-ratio (SMSR) of 14.5 dB. The proposed fiber laser produces narrow bandwidth laser

lasers; single longitudinal mode; whispering gallery mode; double-ring cavity
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Fig. 1 (a) Configuration of the proposed fiber laser; (b) picture of low-roundness microsphere cavity; (c) picture of
high-roundness microsphere cavity; (d) picture of tapered fiber-microsphere cavity coupling system observed by a

horizontal microscope; (e) picture of tapered fiber-microsphere cavity coupling system observed by a vertical microscope
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Fig. 2 WGM resonant spectra of incident light in Fig. 3 WGM resonance spectra obtained by coupling of
different polarization states tapered fibers-microsphere cavity with different diameters

1001003-3



H = e ot

O 1 e B A R 7 A DX A6 8 3 T X A B ARl v o OIS 3 2 57 D T 4% 7 A9 30 23 s A8 X0RE 2 98 it el
T BEARE UL IR g WAL XY A A 0 A5 0K M v AL 1Y R ek 190 55 L DA I IR AR TR S 280 L IR A L B
Q fA.

R PSS I AR £ B9 D7 R AL T AN R AR B HETE L 45 O 8 H 2000 5 B AR 195.2 pm B BRIk
HATREE AR TR F RS A RCR R A R R 1 s, iR B a2 HEE AT 5RO 3.5 pm
I Bl ek 55 HOR G 8O fo o LR DX B A 5 IRl R A 5 RO 2 . AR SCR AR O 3.5 o B
G 5 ORI & BEATOE AR Ot A% B S 4

£ 1 AFEBRHIECLT-HARN 195.2 pm B RORE RS & 20

Table 1  Coupling efficiency of tapered fibers with different diameters-microsphere cavity with diameter of 195.2 pm

Diameter of tapered fiber /pm 3.3 3.5 3.7 3.9 4.3 4.58 5.3
Coupling efficiency /% 98.0 99.5 94.2 73.7 71.8 55.3 29.2
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Fig. 4 Spectra output of the fiber laser
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Fig. 5 Output spectral stability of the fiber laser. (a) Spectra measured every 3 hours; (b) detailed spectra
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