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摘要 

I 

摘要 

三价镨离子（Pr
3+）在可见光波段存在丰富的跃迁。利用蓝光泵浦，掺 Pr

材料可以实现蓝色、绿色、橙色、红色和深红色的下转换激光输出。与采用光学

非线性过程如倍频、混频方式相比，利用下转换直接获得可见光激光的方式避免

了非线性光学晶体的使用，其激光器结构紧凑、转换效率高、光束质量好，并且

不需要严格的温控。掺 Pr 可见光激光器在显示、水下通信、生物医学、量子信

息等领域有广阔的应用前景。在众多的掺Pr激光材料中，掺镨氟化钇锂（Pr:LiYF4, 

或 Pr:YLF）晶体由于具有优良的激光特性而受到国际上的广泛重视。然而，由

于泵浦源缺乏、材料生长等方面的原因，国内关于掺 Pr 材料的激光特性的研究

开展得很少。本论文从研究 Pr:YLF 晶体特性入手，较为系统的进行了该晶体的

光谱特性与激光性能的研究。主要内容和贡献概括为： 

1. 不同温度下的光谱特性的研究。当前对于 Pr:YLF 晶体常温下的光谱特性

已有较多研究，而温度对光谱变化的影响却鲜有报道。本文测量计算了 Pr:YLF

晶体在 12-300K 温度范围内的吸收谱、发射谱，从实验和理论上分析了温度对吸

收截面、受激发射截面、光谱加宽与位移的影响。 

2. 构建了高效的 Pr:YLF 可见光固体激光器。分别采用蓝光激光二极管（LD）

和蓝光光泵半导体激光器（OPSL）作为泵浦源，实现了半导体泵浦 Pr:YLF 红光、

绿光、橙光固体激光器。利用 OPSL 泵浦获得的红光（~640nm）、绿光（~523nm）

和橙光（~607nm）功率分别为 914mW、831mW 和 524mW，其光-光转换效率分

别为 60%、51%和 36%。524mW 的橙光功率为掺 Pr 材料 3
P0→

3
H6 跃迁已报道实

现的最高功率。利用单个 LD 泵浦获得的红光、绿光、橙光功率分别为 304mW、

193mW 和 199mW，其光-光转换效率分别为 40%、26%和 27%。研究发现采用

低浓度掺杂的 Pr:YLF 晶体有助于获得更高性能的橙光激光输出。 

3. 实验和理论上研究了 Pr:YLF 红、绿双波长固体激光器。利用 OPSL 作为

泵浦源，采用简单的平凹腔获得了红、绿双波长（640nm+523nm）激光输出，

每种颜色激光连续输出功率大于 100mW。在准连续泵浦条件下，获得的红、绿

激光平均输出功率分别为 121mW 和 61mW（对应峰值功率分别为 242mW 和
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摘要 

II 

122mW）。实验通过将谐振腔失准、调制泵浦功率来降低模式竞争对激光性能的

影响。通过调制泵浦功率观察到双波长激光的增益切换，并实现了两色激光的切

换输出。理论研究表明两个波长阈值的相对关系是影响双波长激光运转的重要因

素，而在固定输出镜透射率的情况下影响阈值相对关系的关键是腔内损耗。研究

表明，利用泵浦功率调制或腔内损耗调制可实现双波长的切换输出。 

4. 针对 Pr:YLF 晶体较少研究的深红光 3
P0→

3
F3 跃迁谱线展开研究。利用 LD

和 OPSL 作为泵浦源，获得了 π 偏振方向上的 698nm 深红激光，连续输出功率

分别为 215mW 和 547mW，将此前用 Ar 离子激光器泵浦获得的 698nm 激光功率

提高了数倍。利用偏硼酸钡（BBO）晶体腔内倍频，在 LD 泵浦方式下首次获得

了 33mW 的 349nm 紫外连续激光输出。利用 BBO 的双折射特性选择偏振，首次

获得了 σ 偏振方向上的 696nm 激光，输出功率为 51mW。 

镀膜质量对激光性能尤为重要。本论文实验中使用的绝大多数激光腔镜为自

行设计，并利用偏转等离子体溅射工艺自行镀制。本文部分内容将对 Pr:YLF 激

光器膜系设计与制备进行简要描述。 

 

关键词：Pr:YLF晶体; 低温吸收谱; 低温发射谱; 固体激光器; 可见光激光器; 双

波长激光; 紫外激光器; 反应溅射工艺 
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Abstract 

III 

Abstract 

The trivalent Praseodymium ion (Pr
3+

) 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 

IV 

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 
3
P0→

3
H6 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 

3
P0→

3
F3 transition of Pr:YLF. Using the LD and the OPSL as the pump source, the 
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Abstract 

V 

698 nm deep red laser in π-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 

σ-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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