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Abstract 

Due to low quantum defect, high power laser generation using Yb-doped double-clad fibers 

have attracted much attention recently due to their inherent advantages in terms of very high 

efficiency, no misalignment due to in-built intra-core fiber Bragg grating resonator mirrors, 

low thermal problems due to large surface to volume ratio of the gain medium, diffraction-

limited beam quality, compactness, reliability and fiber optic beam delivery. Yb-doped fibers 

can provide emission over a wide wavelength band from —1010 nm to —1170 nm, which 

makes it a versatile laser medium to realize continuous-wave (CW), Q-switched short pulse, 

and mode-locked ultra-short pulse sources for various applications. In this work, our focus 

has been to study and realize: (i) high-power single transverse mode Yb-doped CW fiber 

laser, (ii) linearly polarized Yb-doped CW fiber laser, and (ii) high energy Q-switched Yb-

doped fiber laser. 

Realization of high-power CW Yb-doped fiber lasers with stable output power 

(without fluctuations) is of interest for various applications, such as pump source for other 

lasers and optical parametric oscillators, spectroscopy and study of nonlinear phenomenon; 

however, it is not easy to achieve a truly CW high-power fiber laser with a stable output 

power (without fluctuations). Under CW pumping conditions, normally it is expected to have 

a CW output from fiber lasers; however, in several CW pumped rare-earth doped fiber lasers, 

self-pulsation in the output power for different resonator configurations and pumping 

geometries have been reported. We begin with the study and realization of different CW laser 

resonator configurations. Our study includes simulation for pump and signal evolution along 

the length of the Yb-doped fiber, to optimize high-finesse and low-finesse resonator 

configurations under forward- and backward-pumping conditions in order to achieve efficient 

output. This is followed by analysis of the effect of steady-state conditions on CW output. It 

has been highlighted that a non-uniform steady-state gain along the fiber length facilitates the 

self-pulsing process, leading to an unstable output from CW Yb-doped fiber lasers. 

We have further carried out extensive experimental investigation and analysis on the 

self-pulsing characteristics of single-end and double-end pumped Yb-doped CW fiber lasers. 

We have addressed the issue of self-pulsing characteristics of high-power single-mode 

double-clad Yb-doped fiber laser under identical pumping from both the fiber ends. Our 

study has revealed that self-pulsing in Yb-doped fiber laser is initiated by saturable 
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absorption in weakly pumped portion (at the far end) of the doped fiber, and it is aggravated 

by the nonlinear effects SRS and SBS. 

Further, we have carried out a detailed study on the self-pulsing dynamics of single-

mode Yb-doped double-clad fiber laser using long- and short fiber lengths, and with wide-

and narrow laser oscillation bandwidths, which is realized by employing broadband mirrors 

and narrowband FBG reflectors. It has been found that in the case where a broadband mirror 

is used and length of the fiber is sufficient to reach SRS threshold, short-duration giant self-

pulses are generated by SRS. However, when an FBG mirror of narrow linewidth is used 

with sufficient length of the doped fiber to reach SBS threshold, short-duration giant self-

pulses are generated by SBS. Further, it has been established that suppression of self-pulsing 

can be achieved by suppression of the relaxation oscillations; the latter can be implemented 

by adding an appropriate length of a passive fiber to sufficiently increase the photon lifetime 

in the resonator, or by increasing the pump power and gain uniformity to a level such that the 

relaxation oscillations and re-absorption effects are suppressed. 

Linearly polarized laser output is required for a variety of applications, such as 

nonlinear frequency conversion, material processing, spectroscopy, and several types of 

laboratory measurements. For such applications, linearly polarized Yb-doped fiber lasers 

have also attracted much attention due to their advantages mentioned earlier. We have carried 

out an analysis, and have setup a polarized CW laser using polarization maintaining Yb-

doped fiber. Further, we have studied two polarized fiber laser configurations: one without 

free-space polarizing element and the other with free-space polarizing element, in the 

feedback path. We have also compared their performance for polarized output generation. 

Actively and passively Q-switched fiber lasers with high peak power, high pulse 

energy and short pulse duration are required for various applications. Actively Q-switched 

fiber lasers are of interest for applications such as range fmding, remote sensing, optical time-

domain reflectometry, laser marking, laser surgery and to pump optical parametric oscillators 

which require short- and high-peak power pulses. We have presented our study on the 

realization and analysis of pulse characteristics of a kilowatt peak-power Q-switched fiber 

laser along with theoretical simulations to predict output pulse characteristics with variation 

in duty cycle of modulation. It has been shown that output pulse shape is decided by the 

modulation duty cycle, modulation frequency, pump power, and transmission response of the 

AO Q-switch. 
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Finally, we have presented an experimental investigation to find the physical 

mechanisms responsible for generation of multi-pulse, single-pulse, single-peak, multi-peak 

and `mode-lock resembling' pulses in Yb-doped Q-switched fiber lasers. At a fixed 

modulation frequency, with a fine adjustment of the acousto-optic modulation window ON-

time, pump power and the cavity mirror position, we have obtained modulation free single-

peak pulse, multi-peak pulse, `mode-locked resembling' pulse and multiple pulses (within 

one modulation window ON-time) in a Q-switched fiber laser output. These observations 

have been analyzed and explained. Our investigations showed that multi-peak pulse output is 

due to the onset of nonlinear phenomena like SBS and SRS. Similarly, we have found that the 

`mode-locked resembling' periodically modulated output pulse shape is due to mode beating 

between the zeroeth order and the first order diffracted beams of the intra-cavity acousto-

optic Q-switch. 
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