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Abstract The design of the direct-liquid-cooled thin-disk laser is detailedly discussed. It includes the choosing of
crystal and coolant in the gain module as well as the design of the channel structure. Moreover, the advantages and
disadvantages of two kinds of combination modes are analyzed. In the first mode, the incident angle of the beam and
the cutting angle of the crystal should be controlled strictly. The theory calculations and analysis are given. In the
second mode, the angles do not need to be specially selected, while the refractive index of the coolant should be close
to that of the crystal. In the aspect of pump mode selection, the energy storage and aberration effects both in end-
pumped and side-pumped lasers are analyzed. Theoretically, with the use of 10 pieces of Nd: YLF thin-disks as the
gain media and the refractive index matched liquid as the coolant, an average output power larger than 1 kW is
achieved at the pump power of 5 kW, corresponding to an optical-optical efficiency larger than 20% . The theoretical
analysis is basically consistent with the experimental results.
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Fig. 1 Pupil shift phenomenon when the incident laser is parallel to the optic axis
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Fig. 2 Displacement of the incident laser beam in the thin-disks and coolants
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Fig. 3 Relationship among the cutting angle of the disk,

the displacement and the incident angle of the laser
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Table 1 Physical properties of different coolants

Coolant 3421 Heavy water 5610-1 5610-2 5610-3

Refractive index 1.394 1.327 1.45 1.478 1.482
Absorption coefficient /m™* 0.997 0.998 0.990 0.990 0.990

Thermo-optical coefficient /K ™! —0.000346 —0.0001 —0.000412 —0.0004 —0.00039

Density /(gecm™*) 1.903 1.000 0.992 1.040 1.053

Thermal conductivity /(Weem <K 1) 0.00176 0.00600 0.00147 0.00147 0.00147
Heat capacity /(Jeg '*K™") — 4.20 1.16 1.16 1.16
Viscosity /(mPa¢s) 18 1 28 97 137
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Fig. 4 (a) Schematic of the gain module; (b) top view of the gain module; (c) single flow channel
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Fig. 5 (a) Contraction section curve; (b) diffuser section curve
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LD: laser diode;

CL: cylindrical lenses;

W: planar waveguide;

IS: imaging system;

M1, M2: dichroic mirrors;
HR: high reflector;

OC: output coupler;

GM: gain module

CL 'LD

B 10 TR % EER A A H Nd: YLF ¥ F 806 28 5o 86 5t 5

Fig. 10 Experimental setup of the kilowatt-level direct-liquid-cooled Nd: YLF thin disk resonator
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