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Fig. 2 Changes in neodymium glass. (a) Light field intensity; (b) ionization rate
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Fig. 4 Influence of pulse width on damage properties of material. (a) Damage threshold; (b) damage point location
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Fig. 5 Influence of different pump power density on neodymium glass. (a) Small signal gain; (b) free electron density
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Photoinduced Damage Characteristics of Laser Gain Materials
Tu Shuai, Zheng Mengke, Zhang Rongzhu
College of Electronics and Information Engineering, Sichuan University, Chengdu 610064, Sichuan, China
Abstract
Objective The laser amplifier is an important part of a high-power solid laser system and a key link for the system to

achieve high-power output. Two main problems deserve special attention in the research of laser amplifiers. One is to
optimize the characteristics of the gain material according to the requirements of the system on energy gain. The other is to
analyze the optical load capacity of the gain material and optimize the structure design accordingly. Once the optical field
inside the material exceeds its load capacity, amplifier damage leaves the whole system unable to operate normally, which

necessitates the study of the damage characteristics of the amplifier.

Methods

investigates the characteristics of the optical field inside the gain material in the pumping process and the end-face strain

Taking the laser diode (LLD) end-pumped monolithic neodymium glass laser amplifier as an example, this paper

caused by the thermal effect. Drawing on the theory of electron proliferation, the paper constructs a model for analyzing
the field-induced damage characteristics of a laser gain material under ideal and thermal conditions. It further explores the
rates of avalanche ionization and multi-photon ionization in the gain material and determines the specific location of damage

according to the critical free electron number density.

Results and Discussions The energy and pulse width of the incident laser can be reasonably optimized to fully exploit the
amplification performance of the gain medium. As the incident laser energy and laser pulse width increase, the location of
damage moves toward the incident end [Fig. 4 (b)]. When the pulse width is increased from 10 ns to 13 ns, the damage

point moves by approximately 14 mm. Within the range with an optical field value of 4X10* V/m, the movement range of
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the damage point is 14 % of the material thickness. Within the range with a pulse width of 3 ns, the movement range of the
damage point reaches 35% of the material thickness. Therefore, when the signal light is amplified, the laser pulse width
should be smaller than 10 ns, and the initial optical field value should be lower than 3. 3035X 10° V/m if the thickness of
the neodymium glass is 40 mm. In this case, the damage inside the neodymium glass can be avoided. Moreover, due to
the influence of the thermal deformation of the material on its damage characteristics, the material is affected by both gain
and the thermal effect under different pump power densities, and the damage location is closer to the incident end than that
in the ideal case (Fig. 8). Specifically, when the pump power density is 110" W/cm” and 1X10° W/cm®, the internal

damage positions is at 22. 51 mm and 6. 43 mm, respectively.

Conclusions This paper builds an analysis model for gain material damage by taking the LD end-pumped monolithic
neodymium glass laser amplifier as an example. Then, it studies the rates of avalanche ionization and multi-photon
ionization in the gain material and determines the specific damage location in the material under the two conditions
according to the critical free electron number density. The calculation model is further extended according to the actual
situation. Effective measures are put forward to prevent the gain material from damage and prolong its service life. The
results show that under the influences of the thermal effect and pump power density on the material gain, no damage
actually occurs in the material when the pump power density is 1 X 10° W/cm?® because the material gain is small. In
contrast, when the pump power density is 1 X 10* W/cm® and 1 X 10° W/cm?, the field-induced damage in the material
occurs at the positions of 22. 51 mm and 6.43 mm, respectively. This can be attributed to different modulation of the
optical field of the incident signal light caused by the different influences of the thermal effect on the gain material and the
different degrees of end-face deformation. A larger pulse width of the incident laser corresponds to a smaller damage
threshold of the material and damage closer to the incident end. When the initial optical field value is constant and the pulse
width increases from 10 ns to 13 ns, the damage point moves forward by about 14 mm. If the thickness of the neodymium
glass is 40 mm, the peak power of the pump light should be lowered to reduce the impact of the thermal effect on the end
face on the initial signal light. In addition, the laser pulse width should be smaller than 10 ns, and the initial optical field
value should be lower than 3. 35 X 10° V/m. In this way, the damage inside the glass can be avoided. Therefore, after the
thickness of the neodymium glass is determined, the initial optical field value and the pulse width of the incident laser and
the pump power density can be adjusted to avoid the material damage as a result of excessive modulation of the optical field
caused by end-face deformation or excessive amplification of laser energy in the material and ultimately improve the service

life of the gain material.

Key words laser optics; laser amplifier; gain material; optical field; damage characteristic
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