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Polarized absorption spectra of Yb: GAB crystals
doped with different mol fraction of Yb
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Influence of Yb’* Mole Fraction on Radiative
Trapping of Yb: GdAl, (BO,), Crystals

LIAO Jin-sheng', HUANG Yi-dong”, LIN Yan-fu’, CHEN Yu-jin*, LUO Zun-du®
(1. Faculty of Materials Science and Chemisiry Engineering, Jiangxi University of Science and
Technology, Ganzhou 341000, China;

2. Fujian Institute of Research on the Structure of Maitter, Chinese Academy of Sciences, Fuzhou 350002, China)

Abstract: Microchip lasers are miniature diode-pumped solid-state lasers with a sufficiently short thickness of
gain media, so only a single longitudinal mode falls under the gain profile. In order to absorb the pump light
fully, especially, for the Yb* ions with smaller absorption cross section than the Nd** , quite high concentra-
tion of active ions in the laser material is necessary. The Yb’* ions can be doped into the GAB host as high as
100% i.e. YbAl,(BO,),, while keeps the R32 structure due to the radius of the Yb** ion is close to that of
the Gd**. This character displays that Yb** mole fraction may be adjusted freely in the GAB crystal without
the distortion of the crystal structure. This is very important for a microchip laser medium since the concentra-
tion of active ions is generally modified with the thickness of the microchip for absorbing adequate pump power
and making the laser operates effectively. So the Yb: GAB crystal with changeable Yb** mole fraction could be
a good candidate for microchip laser medium.

The polarized absorption spectra, emission spectra of Yb’ * -doped GdAL, (BO,),( Yb: GAB) crystals with
a series of Yb’" mole fraction from 0. 125 ~1.000 were measured at room temperature.

From the polarized absorption spectra of Yb: GAB crystals at room temperature, it can be found that the
o-polarized (E Lc) absorption coefficient is larger than that of the mr-polarized (E || ¢) at the same Yb’ " mole
fraction. The 976 nm peak is the strongest absorption peak in the o-polarized, which can match the emission
wavelength of InGaAs laser diode (LD). It means this kind of crystal is suitable for LD pumping.

Samples of powder and diluted powder of all the Yb: GAB crystals were also used in the spectral experi-
ments to reveal and eliminate the effect of radiation trapping on the measured emission spectra. The emission
cross sections of the Yb: GAB crystals obtained by means of the reciprocity method (RM) and the Fuchtbauer-
Ladenburg formula were compared in order to study the radiative trapping effect on the emission spectra. The
influence of Yb** mole fractions on the effect of radiation trapping was analyzed on the basis of the experimen-
tal results. It can also be found from the emission spectra of Yb: GAB crystals with different Yb** mole fraction
that, with the increment of Yb** mole fraction, the cross section of the first emission peak (left,in Fig.2) de-
creases and the peak red shifts but the cross section of the second emission peak (right) increases. The effect

of radiative trapping increases with the Yb’* mole fraction increasing. Therefore, the shift between the bary-
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centers of the measured and the intrinsic emission spectra, A)A, was proposed as an appraisement of the radia-
tion trapping effect and an empirical relation between AA and Yb’* mole fraction in the Yb: GAB crystals was
deduced. The diluted method can effectively eliminate the effect of radiative trapping on the emission spectra,
whereas the powder method can omitting do it at low doping mole fractions. It is impossible to eliminate the

effect of radiation trapping on the emission spectra of bulk samples by directly measuring.

Key words: Yb: GAB crystal ; radiative trapping; Yb’* ions
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