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Guangdong Provincial Engineering Research Center of Crystal and Laser Technology, Department of Optoelectronic

Engineering, College of Science & Engineering, Jinan University, Guangzhow, Guangdong 510632, China

Abstract

Objective  Mid-infrared (MIR) lasers, specifically broadband tunable MIR lasers operating at ~ 3 mm have
attracted much attention for numerous applications in scientific research and practical technologies such as laser
microsurgery, remote sensing, atmospheric lidar measurement, wavelength division multiplexing (WDM) systems,
and ultrashort pulsed lasers. It is well known that trivalent erbium (Er*" ), dysprosium (Dy*" ), and holmium
(Ho’" ) ions are natural candidates for 2.7-3 mm lasers owing to the Er*" :*1,,,,—>'L,,, Dy*" :°H,;,—>°H,5,,, and
Ho*" :°I;—"1, transitions. However, the ~3 mm laser operations of Er’*, Dy*", or Ho’" ions cannot be obtained
efficiently because of the fluorescence lifetime of the self-termination effect (i. e., fluorescence lifetimes at the
upper levels are considerably shorter than fluorescence lifetimes at the lower levels, which results in self-saturation
of population inversion) and the lack of an appropriate commercialized laser diodes (LDs). Therefore, in order to
solve the bottleneck problem of Er**, Ho’", and Dy*" ions activated mid-infrared laser crystals and obtain broadband
fluorescence emission in the ~3 pm band, which is beneficial to realize the broadband tunable output, we need a
proper sensitizer ion with large absorption cross sections for Ho®* and Dy*" ions, appropriate deactivated ions with
efficient depopulation of Er’" and Ho®" ions for population inversion, and a proper host with low phonon energy.

Methods The Er*" /Ho*' /Pr*" : PbF,, Yb'' /Er*" /Dy’" : PbF,, and Yb*' /Ho’' /Dy’" : PbF, crystals are grown
by the Bridgman technique. The concentrations of Yb*", Dy**, Er’", Ho’" and Pr’" ions in the as-grown crystals
are measured by the inductively coupled plasma atomic emission spectrometry analysis. Crystal structure
identification is undertaken with an X-ray diffraction (XRD) method using Cu Ka radiation. The absorption spectra
are measured by a spectrometer. Spectrophotometers are used to measure the fluorescence spectra and the
fluorescence decay curves. All the measurements are taken at room temperature and other conditions are kept as
same as possible.

Results and Discussions For the Er/Ho/Pr : PbF, crystal, an enhanced broadband ~3 mm emission with a large
effective bandwidth (330 nm) pumped by a 980 nm LD is obtained (Fig. 3). Compared with the Er : PbF, and Ho :

PbF, crystals, the Er/Ho/Pr : PbF, crystal presents a strong fluorescence emission intensity. It is also demonstrated
that the Pr’" ion is a suitable deactivated ion for Er’" and Ho®" ions with an efficient depopulation effect on the lower
laser levels of Er’* :*1,,, and Ho*" :°1, for enhancing the ~3 mm fluorescence emission. For the Yb/Er/Dy : PbF,
crystal, broadened and enhanced emission with a full width at half maximum of 265 nm is obtained at ~3 pm due to
the fact that Er** and Dy®’ ions are used as the emission center at the same time (Fig. 5). For the Yb/Ho/Dy :
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PbF, crystal, broadband emission extending from 2600 nm to 3400 nm with a full width at half maximum of 283 nm
is obtained (Fig. 7).

Conclusions The mid-infrared tunable lasers have a wide range of applications in military, medical, biological
imaging, and scientific research fields. As the core working medium of mid-infrared tunable lasers, the gain medium
plays an important role. In order to solve the bottleneck problem of Er** , Ho®", and Dy*" ion activated mid-infrared
laser crystals and obtain broadband fluorescence emission in the ~ 3 pm band, which is beneficial to realize a
broadband tunable output, this work proposes a relevant optical performance optimization control scheme. Based on
the existence of coupling interaction between rare earth ion levels, three coupling schemes of Er*" /Ho®" /Pr’"
PbF,, Yb*' /Er*' /Dy*" : PbF, and Yb*' /Ho' ' /Dy*" : PbF, are proposed, and the optical properties are studied
systematically. At the same time, an enhanced and widened 3 pm fluorescence emission is obtained, indicating that
these kinds of crystals are expected to be gain materials for broadband tunable lasers.

Key words laser technique; mid-infrared laser crystal; PbF, crystal; 3 pm; spectral performance
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