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Abstract

Abstract

The trivalent Praseodymium ion (Pr’") offers various fluorescence transitions in
the visible spectral range. Pumping with blue light sources, down-conversion blue,
green, orange, red and deep red lasers can be realized based on the Pr-doped materials.
Compared with visible lasers obtained by nonlinear optical processes (e.g. frequency
doubling or mixing), the down-conversion visible lasers don’t rely on the nonlinear
optical crystal, and thus have more compact structures, higher conversion efficiencies
and better beam quality. In addition, the down-conversion lasers don’t need accurate
control of temperature. Pr-doped visible lasers have wide application prospects in the
fields of display, underwater communication, medical biology, quantum information
science, etc. Among the various Pr-doped laser materials, the Lithium-Yttrium-
Fluoride (Pr:LiYF4 or Pr:YLF) crystal has been paid widely attention from the
international researchers because of its excellent laser performance. However, due to
the lack of the pumping source and the difficulty of the crystal growth, there are only
few domestic researches on the laser performance of Pr-doped materials. This thesis
focuses on the characteristics of the Pr:YLF crystal, including the relatively systemic
investigation on its spectroscopic properties and laser performance. The main contents
and the contributions are as follows:

1. Spectroscopic properties under different temperatures are investigated. At
present the room-temperature spectroscopic properties of Pr:YLF are well reported,
whereas there are only few reports about the temperature effects on the spectra. In this
thesis we measured and calculated the absorption and emission spectra of Pr:YLF
under a temperature range from 12 to 300 K. The temperature effects on the
absorption cross-sections, stimulated emission cross-sections, line broadening and line
shifts are studied theoretically and experimentally.

2. High-efficiency Pr:YLF visible lasers are achieved. Using a blue laser diode

(LD) and a blue optically pumped semiconductor laser (OPSL) as the pump source,
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Abstract

we realized the semiconductor-pumped Pr:YLF solid-state-lasers emitting in red
(~640 nm), green (~523 nm) and orange (~607 nm). With the OPSL as the pump
source, output powers of the red, green and orange lasers are 914 mW, 831 mW and
524 mW, respectively, corresponding to the optical-to-optical conversion efficiencies
of 60%, 51% and 36%, respectively. To the best of our knowledge, 524 mW of the
orange laser power is the highest one obtained upon the Py—Hg transition of
Pr-doped materials. With a single LD as the pump source, output powers of the red,
green and orange lasers are 304 mW, 193 mW and 199 mW, respectively,
corresponding to the optical-to-optical conversion efficiencies of 40%, 26% and 27%,
respectively. The research shows that the low-doping crystal is more suitable to get
better performance for the orange laser.

3. The red-green dual-wavelength laser is investigated theoretically and
experimentally. Using the OPSL as the pump source and a simple plano-concave
cavity, simultaneous generation of red and green continuous-wave lasers is obtained
with output powers of more than 100 mW for each beam. Under the quasi-cw pump
condition, average output powers of 121 mW (242 mW peak power) and 61 mW (122
mW peak power) are achieved in green (~523 nm) and red (~640 nm), respectively. In
the experiments, the influence of mode competition is reduced by misalignment of the
laser cavity and modulation of the pump power. By the modulation of the pump power,
we investigated the gain switching between two laser wavelengths and obtained the
switchable laser operation. The theoretical calculation shows that the relation between
the laser thresholds of the two wavelengths is an important factor for dual-wavelength
laser operation. When the output couplings are fixed, the account of the intracavity
losses is the main impact factor of the relative thresholds. The research indicates that
the switchable operation between the two wavelengths can be obtained by modulation
of the pump power or intracavity losses.

4. Some investigations are carried out focusing on the seldom-reported deep red

Py—"F; transition of Pr:YLF. Using the LD and the OPSL as the pump source, the
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Abstract

698 nm deep red laser in m-polarization is obtained. The output powers are 215 mW
and 547 mW, respectively, which are several times more than the highest output
power of the Pr:YLF 698 nm laser in the previous reports. With a beta barium borate
crystal (BBO) as the nonlinear medium and a LD as the pump source, 33 mW of
output power at 349 nm is achieved the first time to our knowledge. Using BBO as
the polarization selective component, first Pr:YLF laser emitting at 696 nm in
o-polarization is realized.

The quality of the optical coating is very important to the laser performance.
Most of the cavity mirrors in the experiments of the thesis are designed by us then
prepared by us using the Remote Plasma Sputtering process. Part of the thesis briefly

describes the designs and preparations of the mirrors for the Pr:YLF laser.

Keywords: Pr:YLF crystal; low-temperature absorption spectra; low-temperature
emission spectra; solid-state lasers; visible lasers; dual-wavelength lasers; ultra-violet

lasers; reactive sputtering process.
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