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Mid-Infrared Laser Performances of Er: YAP Crystals Pumped by Xenon Lamp
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Abstract We demonstrate the laser performances of Er-doped YAP crystals with the atom fraction of Er’* of 10%
pumped by an xenon lamp in the region of 2.7-3 pm. The output mirrors with three different transmissivities are
adopted, and the maximum single pulse energies of 1173 m] @ 1 Hz, 1284 m] @ 5 Hz, 495 m] @ 10 Hz, and
104 mJ] @ 20 Hz with the corresponding slope efficiencies of 0.80%, 0.99%, 0.84% and 0.44% are achieved,
respectively. Under the conditions of a repetition rate of 5 Hz and output mirror transmission of 15%, the highest
laser output energy and laser efficiency can be obtained in the Er: YAP crystals and the corresponding average output
power is 6.42 W, which is about four times the existing best result reported by literatures. In addition, the laser
beam quality of the Er: YAP solid-state laser with different input powers is measured, which decreases with the
increase of input power. Moreover, the four laser spectral lines at 2710, 2728, 2795, and 2918 nm are observed.
Therefore, the excellent multi-wavelength mid-infrared laser output can be realized with Er: YAP crystals.

Key words lasers; erbium laser; Er: YAP crystal; xenon lamp pumping; absorption spectra; laser beam
characterization
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Fig. 2 Energy transfer diagram of Er'" and absorption spectra of Er: YAP crystal.

(a) Energy transfer diagram; (b) absorption spectra at 320-1100 nm
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Fig. 3 Output energy of Er: YAP crystal versus input energy under different repetition rates and transmissivity of
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Table 1 Laser parameters of Er: YAP crystal side-pumped by xenon lamp
Repetition rate Corresponding parameter T=5% T=15% T=30%

Maximum output energy /m] 947 1173 1068

1 Hz Electro-optical efficiency /% 0.58 0.72 0.66
Slope efficiency /% 0.63 0.80 0.76

Maximum output energy /m] 1212 1284 1030

5 Hz Electro-optical efficiency /% 0.82 0.87 0.7
Slope efficiency /% 0.9 0.99 0.83

Maximum output energy /m] 495 439 283

10 Hz Electro-optical efficiency /% 0.69 0.61 0.4
Slope efficiency /% 0.84 0.81 0.58

Maximum output energy /m] 104.2 59.2 17.3

20 Hz Electro-optical efficiency /% 0.29 0.16 0.05
Slope efficiency /% 0.44 0.32 0.13
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Fig. 4 Relative temperature distributions of single Er: YAP crystal rod. (a) At crystal surface; (b) at axial cross

section of crystal; (c¢) at radial cross section of crystal
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Table 2 Parameters for temperature distribution simulation

Parameter Value
Thermal conductivity () /(Wem '+K™ ') 7.5018]

Pump power (P;,) /W 500

Heat transfer coefficient between crystal
and cooling water (h;) /(Weem 2K 1) L8
Heat transfer coefficient between
0.005
crystal andair (hy) /(Weem <K ')
Temperature of cooling water (T) /K 293.15
Size of crystal /mm D4 X100
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Fig. 5 Thermal focal length of Er: YAP crystal rod and
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crystal versus input power
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