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1. Introduction 

Ce
3+

- doped Gd3Al5-xGaxO12 (GAGG) is a promising opti-

cal material for the scintillator [1]. It is known that the 

quantum efficiency (QE) of GAGG: Ce
3+

 becomes lower 

with increasing Ga content, x [2]. To understand optical 

properties of a phosphor, an electronic structure of host 

material should be investigated. Dorenbos suggested the 

construction method of the vacuum referred binding energy 

(VRBE) diagram [3]. This diagram can be constructed from 

the spectroscopy data of host exciton energy and charge 

transfer transition (CTS) of Eu
3+

. To determine those transi-

tion energies, we measured photoluminescence excitation 

(PLE) spectra and investigated relationship with QE using 

constructed VRBE diagram.  

2. Measurement 

Phosphors of 0.2% Ce
3+

 doped and 0.2% Eu
3+

 doped 

Gd3(Al5-xGax)O12 (x = 1 - 4) were fabricated by solid-state 

reaction method. For these samples, PLE spectra were 

measured in the range between 100-500 nm at UVSOR 

(BL3B). From obtained data, the VRBE diagram of 

GAGG:Ce
3+

 was constructed. 

3. Result and Discussion 

 Fig.1 (a) shows the PLE spectra of Ce
3+

- doped GAGG 

phosphors with various Ga content. In PLE spectra, the host 

exciton peaks are observed at around 200 nm and three 

bands derived from Ce
3+

 are observed at 220 nm (4f-5d3, 4, 

5), 350 nm (4f-5d2) and 450 nm (4f-5d1). Several peaks at 

270 nm and 310 nm are due to the intra – 4f transitions of 

Gd
3+

 in the host [1]. From the host exciton peaks, the 

bandgap energies of GAGG (x = 1, 2, 3 and 4) are estimated 

to be 6.84, 6.81, 6.63 and 6.55 eV, respectively. With in-

creasing Ga content, the bandgap becomes narrower. Fig.1 

(b) shows the PLE spectra of Eu
3+

: GAGG phosphors. The 

strong broad band is located at around 250 nm, which is 

attributed to CTS of O
2-

-Eu
3+ 

→O
-
-Eu

2+
. With increasing 

Ga content, the peak wavelength of CTS shifts to longer. 

The top of valence band is calculated by subtracting the 

CTS energy from the determined 4f state energy of Eu
2+

.  

Based on the method of VRBE diagram construction by 

Dorenbos [3], the VRBE diagram of Ce
3+

-doped GAGG are 

constructed by using measurement data obtained in Fig.2 . 

The energy Ev which is top of valence band shifts higher 

with increasing Ga content while the energy Ec which is the 

bottom of conduction band slightly changes. When the en-

ergy of Ce
3+

:5d1 is close to Ec, the excited electrons located 

at Ce
3+

:5d1 state tend to move to the conduction band by 

thermal ionization. From this diagram, with increasing Ga 

content, the energy gap between Ec and Ce
3+

:5d1 becomes 

smaller. Therefore QE of Ce
3+

 in GAGG system decreases 

by thermal ionization quenching. 

 
 

Fig.1. PLE spectra of (a) Ce
3+ 

and (b) Eu
3+

 : GAGG. 

 
Fig. 2. Constructed VRBE diagram of Ce

3+
:GAGG. 

 

4. Conclusions 

   From PLE measurement of Ce
3+

 doped and Eu
3+

 doped 

samples, the VRBE diagram of Ce doped GAGG system is 

constructed. QE of Ce
3+

:GAGG system decreases with in-

creasing Ga content due to proximity between Ec and 

Ce
3+

:5d1. 
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