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It is well known that some trivalent rare earth (RE) ions when doped into wide band-gap host 
possess radiative decay from the lowest level of 4fn-15d electronic configuration (5d level) to the 
ground state or some excited levels of 4fn electronic configuration, depending on the host and 
temperature. The Y3Al5O12 (YAG) single crystals doped with RE ions are attractive materials for 
practical applications because of their advantageous thermal, chemical and mechanical properties. 
In particular, YAG:Nd3+ is a well known laser medium, but laser action (at 1.06 μm) in this 
material is achieved on intraconfigurational 4f – 4f transitions of Nd3+. Nevertheless, luminescence 
in the deep UV region due to interconfigurational 5d – 4f transitions has been observed recently 
from Nd3+ doped into YAG [1]. 5d – 4f luminescence was observed also from Tm3+ doped into 
YAG [2], but this kind of luminescence was not revealed so far from Er3+ ions in YAG. Although 
YAG:Er3+ is widely used in IR lasers and optical communication techniques, where 4f – 4f 
transitions of Er3+ are utilized, interconfigurational 4f – 5d transitions of Er3+ in YAG were only 
fragmentarily investigated. In the present work the interconfigurational 4f105d ↔ 4f11 transitions of 
the Er3+ ion in the YAG host were studied under 3.75 – 20 eV synchrotron radiation excitation. The 
experiments were carried out at the SUPERLUMI station [3] of HASYLAB at DESY. 
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Figure 1: Emission spectrum of YAG:Er3+ in UV/visible spectral region upon Er3+ 4f – 5d (blue line, hνex= 
6.7 eV) and the host (red line, hνex= 7.5 eV) excitation, recorded at 9 K. The assignments of emission lines 

to the corresponding Er3+ 4f – 4f transitions are indicated. 



Emission spectra of YAG:Er3+ in the UV/visible spectral range show the lines due to transitions 
originating from the Er3+ 2P3/2, 4D1/2 and 4S3/2 multiplet terms (Fig.1). The excitation spectrum of 
4D1/2 4f – 4f luminescence at 9 K shows an intense broad band with the onset at ~6.3 eV, which is 
assigned to the edge of interconfigurational spin-allowed 4f – 5d transitions in Er3+. Under the 
YAG host absorption the 2P3/2 4f – 4f luminescence of Er3+ is efficiently excited, whereas under the 
Er3+ 4f – 5d excitation the radiative transitions from the 4f 4D1/2 level dominate in the emission 
spectrum. The 4D1/2 level lies well above the energy range, where intrinsic excitonic luminescence 
of YAG occurs and, therefore the excitonic mechanism of the energy transfer from the host to this 
level is not realised because of energetic reasons in contrast to the efficient energy transfer to the 
lower lying 2P3/2 multiplet term of Er3+. 

In addition to narrow-line Er3+ 4f – 4f luminescence fast broad-band emission at 6.2 eV has been 
detected under both VUV photon and electron beam excitation (Fig. 2). This emission was assigned 
to 4f105d – 4f11 interconfigurational spin-allowed transitions (from the lowest low-spin 4f105d level 
to the ground 4I15/2 multiplet term) in the Er3+ ion. Under photoexcitation the intensity of this 
emission was very weak, which prohibited us to record its excitation spectrum. The analysis of Er3+ 
ion’s 4f and 5d energy level diagram has shown that the lowest low-spin 5d level of the Er3+ ion has 
a rather large energy gap to the next lower 4f 2D(2)5/2 crystal-field level, which results in a 
relatively low rate of nonradiative transitions from this 5d level leading to the appearance of weak 
spin-allowed 5d – 4f luminescence at low temperature. The lowest high-spin 5d level, from which 
spin-forbidden 5d – 4f radiative transitions could occur potentially, is situated only at ~500 cm-1 
above the 4D1/2 level. Such close location allows fast depopulation of the 5d level resulting in the 
absence of spin-forbidden 5d – 4f luminescence and appearance of 4D1/2 4f – 4f luminescence.  
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Figure 2: Excitation spectra of YAG:Er3+ at 9 K monitoring Er3+ 4D1/2 – 4F9/2 emission at λ = 317.4 nm 
(black line) and Er3+ 2P3/2 – 4I13/2 emission at λ = 404 nm (blue line). Excitation spectrum of self-trapped 

exciton emission at hν = 4.7 eV from “pure” YAG at 9 K (dark yellow line). 5d – 4f emission spectrum of 
YAG:Er3+ under 4f – 5d excitation (violet dots, hνex= 6.7 eV, 9 K) and electron excitation (red line, 5.6 K). 
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