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ABSTRACT

Fabrication of mode-locked optical fiber laser using semiconductor
saturable absorber and study on broadband light source

development

By Eun Ju Na
Advisor : Prof. Jong-Rak Park, Ph.D.
Department of Photonic Engineering,

Graduate School of Chosun University

In this study, mode-locked optical fiber laser oscillators using a semiconductor
saturable absorber and four-stage optical fiber amplifiers were fabricated. In addition,
experiments for output bandwidth enhancement were conducted using a photonic crystal
optical fiber and the output characteristics of the laser system were investigated.

An Yb-doped optical fiber was used as the active medium for the laser oscillators,
and the semiconductor saturable absorber, which is a passive mode-locking component,
was utilized for the mode-locking operation. Saturable absorption is a phenomenon in
which light absorption decreases as light intensity increases. Although greater loss
occurs at the edges of an optical pulse by a saturable absorber, there is a small loss at
the peak, that leads to a short optical pulse. The semiconductor saturable absorber used
in this study has a quantum-well structure made of InGaAs with an absorption band
around 1030 nm. Two types of laser oscillators (LASER I and LASERII) were
fabricated using two different saturable absorbers (one with transmission
64%/modulation depth 13%, and the other with transmission 52%/modulation depth
25%) and their output characteristics were measured and compared. The maximum

output power, repetition rate, pulse width, pulse energy, central wavelength and

- VIl -
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bandwidth for LASER T were 12 mW, 37 Mz, 27 ps, 03 nJ, 1037 nm, 3 nm,
respectively, and those for LASERIl were 20 mW, 37 Mz, 10 ps, 0.5 nJ, 1034 mm, 5
nm, respectively. The overall performance of LASERII was superior to that of LASER
l.

The output characteristics of the optical fiber amplifiers, which consisted of four
stages, were investigated for two cases in which LASER [ and LASERII were
employed individually as the input to the amplifiers. The output power of these
amplifiers increased as the pumping power of the amplifiers increases and the average
output powers were measured to be approximately 400 niW in both the cases.

The bandwidth enhancement using a photonic crystal optical fiber was investigated.
The length of the photonic crystal optical fiber was 20 m. The higher the peak powers
of an input light source, the greater the bandwidth enhancement owing to stronger
nonlinear effects. The bandwidth of the output spectrum gradually increased as the
number of working amplifier stages increased. The final output spectrum of LASERII
was in the range of 800~1400 nm, which was wider than that of LASER I (800~1350
nm) by about 50 nm and showed better overall spectral flatness. The laser system
developed in this study will be utilized as a light source for a spectrally-resolved

interferometer.
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31 FANA Asw B

- (PM980-XP) 1}-2}u] B

(B, (dispersion coefficient) 0.026 ps®/m
~ (nonlinearity coefficient) 0.006 W'm™!
a (loss coefficient) 0.02 m™
pulse duration 10 ps
peak power 150 W
fiber length 5 m
wavelength 1030 nm
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27 ps

Intensity [a. u]
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Pumping LD

WDM/ XSA

Pumping LD Pumping LD Pumping LD Pumping LD
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- f— - O =
Isolator Coupler Isolator ~ YB  WDM YB WDM YB  WDM YB  WDM
(90:10)
(@
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Intensity [a.u]
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