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Abstract. This paper presents the X-ray Photoelectron Spectroscopy (XPS) analyses of the 
electron beam degraded and undegraded Gd2O2S:Tb3+ phosphor powder. The XPS data was 
collected from Gd2O2S:Tb3+ phosphor powders before and after electron beam degradation. 
The data confirms the presence of Gd2O3 and Gd2S3 from both the degraded and undegraded 
powders. In addition, S-O bonding was also detected from degraded powders. This clearly 
indicates that the surface reaction did occur during prolonged electron bombardment in an 
oxygen atmosphere.  

1.  Introduction 
Terbium doped gadolinium oxysulfide (Gd2O2S:Tb3+), one of the rare earth oxysulfide group of 
phosphors, is known to be an efficient phosphor and has been put to practical application in low 
voltage cathodoluminescent and X-ray devices because of its high conversion efficiency (12–25%) of 
the exciting radiation [1-3]. Gd2O2S:Tb3+ is a well-known green-emitting photoluminescence and 
cathodoluminescence phosphor used in high resolution and projection television screens [4-7]. We 
report the XPS characterization of commercial terbium doped gadolinium oxysulfide (Gd2O2S:Tb3+) 
green phosphor, which was evaluated  for possible application in cathode ray tube CRT and field 
emission display (FED) screens.    

2.  Characterization 
Auger electron spectroscopy (AES) and Cathodoluminescence (CL) spectroscopy were used 
respectively to monitor changes on the surface and the CL properties. The AES measurements were 
taken in an UHV chamber using a PHI model 549 Auger spectrometer. The chamber was first 
evacuated to 2.8x10-9 Torr before backfilling with oxygen to 1x10-6 Torr. Scanning Electron 
Microscopy (SEM) images were taken with a Gemini LEO 1525 Model to determine the particle 
morphology. The crystalline structure of the phosphor powders were investigated using a Burker D8 
(Burker Co, German) X-ray diffractometer with Cu Kα = 1.5406 Å. The 100 µm, 25 W, 15 kV energy 
X-ray beam was used to analyze the S 2p, O 1s,  Gd 3d and Gd 4d binding energy peaks (pass energy 
11.8 eV, analyser resolution ≤ 0.5 eV). The possible chemical states were identified with the Multipak 
version of 8.2c computer software [8] using Gaussian-Lorentz fits.   
 

 



 
 
 
 
 
 

3.  Results and Discussion 
Figure 1 shows the XRD pattern of the Gd2O2S:Tb3+ phosphor powder. The position and relative 
intensity of the XRD lines are in good agreement with the data of JSPDS file No.26-1422, which 
shows the pure Gd2O2S hexagonal structure.  

 

Figure 1: XRD pattern for the Gd2O2S:Tb3+ phosphor powder. 
 

Figure 2 (a) shows the SEM image of the Gd2O2S:Tb3+ phosphor powder. The particles are polyhedron 
in shape and agglomerated, showing relatively good close packing which is one requirement for the 
CRT or X-ray intensifying screens and the particles differ in sizes and shapes. EDS data in figure 2 (b) 
confirms the presence of all the elements (Gd, O and S) together with the adventitious carbon. Tb3+ 
ions were not detected probably due to their relatively low concentration in the Gd2O2S:Tb3+ matrix. 

  
Figure 2: (a) SEM image and (b) EDS spectra marked X of the Gd2O2S:Tb3+ phosphor powder.  

 
 
Figure 3 (a) shows the CL spectra before degradation and after degradation as function of wavelength. 
n The CL decreased due to the formation of a new non-luminescent surface oxide layer. The main 
emission peak due to the 5D4 → 7F5 transition is at a wavelength of 545 nm. Less intense emission 
peaks at 490 nm, 585 nm and 620 nm due to the 5D4 → 7FJ (J = 0, 1, 2, 3,…) transitions are also 
shown. The main emission peak at 545 nm was only about 45% of the initial intensity after 
degradation. Figure 3 (b) shows the PL spectra of Gd2O2S:Tb3+ powder phosphors excited at 254 nm. 
The luminescence peaks in the figure arise from the transitions of the 5D4 excited state levels to 7FJ (J 
= 0, 1, 2, 3, 4, …) ground state levels, and belong to the characteristic emission of Tb3+. The emission 
line at 490 nm corresponds to the 5D3→

7F6 transitions, and the emission lines between the 585 and 620 
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nm corresponds to the 5D4→
7F4 and 5D4→

7F3 transitions respectively. The peak at 545 nm arising 
from the 5D4→

7F5 transition has the highest intensity.  
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Figure 3: (a) CL before and after degradation 1x10-6 Torr and (b) PL spectra for Gd2O2S:Tb3+ 
phosphor powder.  

 
Figure 4 shows fitted high resolution S 2p XPS spectra (a) before and (b) after degradation at 1x10-6 
Torr O2.  Note that it is well known that the S 2p consists of 2p3/2 (BE = ~ 163 eV) and 2p1/2 (BE = ~ 
165 eV) peaks. XPS spectrum in figure 4 (a) indicates that sulfur was primarily present as Gd2O2S (BE 
= ~ 165 eV) plus a small amount of sulfide species (BE = ~ 158 eV). The peak at BE = ~ 158 eV can 
be assigned to Gd2S3 [9].   In addition, the fitted data shows an evidence of oxides species (SO2) at BE 
= ~ 168 eV. The degraded spectrum in figure 4 (b) shows an increase in the Gd2S3 and SO2 peak 
intensity suggesting that an electron beam induced surface chemical reaction occurred between S and 
Gd,  and S and O. 

 
Figure 4: Fitted XPS for S 2p of Gd2O2S:Tb3+ phosphor powder peaks (a) before and (b) after 

degradation for 1x10-6 Torr. 
 

Figure 5 shows fitted XPS for O1s peaks (a) before and (b) after degradation for 1x10-6 Torr obtained 
at O 1s at 531.3 eV. It can be noted that both the degraded and undegraded powder spots only two 
binding energy peaks were identified. The Gd2O3 peak however shows an increase in intensity for the 
degraded sample. The growth in Gd2O3 after degradation is due to the oxide formation on the surface 
as a result of the ESSCR process as observed in the APPH results [9]. It is therefore clear that a 
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chemical reaction occurred during the degradation process. The binding energy assignment of the 
mixed oxides is based on a large extent to the core level screening that occurs in O2- anion compared 
to the other oxygen species that are present on the surface and the relative magnitude of this peak 
compared to other O 1s peaks present [10].  
  

      
Figure 5: Fitted XPS for O 1s of Gd2O2S:Tb3+ phosphor powder peaks (a) before and (b) after 

degradation for 1x10-6 Torr. 
 
Figure 6 shows the fitted results from an XPS spectrum of the Gd 3d peaks (a) before and (b) after 
degradation. The peak shape changed due to an extra peaks of Gd2O3 (1189.0 eV) and Gd2S3 (1192.2 
eV) that developed at higher binding energies. Gd2O2S-Gd 3d peaks were measured at 1185.20 eV. 
Both the degraded powder and undegraded spots recorded one peak of Gd2O2S-Gd 3d. The peaks for 
Gd2O3 and Gd2S3 after degradation have grown and this clearly shows that the surface reaction did 
occur after degradation. 
 

 
Figure 6: Fitted XPS for Gd 3d of Gd2O2S:Tb3+ phosphor powder peaks (a) before and (b) after 

degradation for 1x10-6 Torr. 
 

Figure 7 shows the Gd 4d peaks position for the Gd2O2S (Gd2O2S-4d peaks) (a) before and (b) after 
degradations. Six peaks can be identified for the Gd 4d core level spectrum after deconvolution of the 
experimentally measured curve. Gd 4d3/2 and Gd 4d5/2 peaks of the Gd2O2S are located at 146.7 eV and 
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141.6 eV. In addition, there are two peaks measured at 142.2 eV and 147.3 eV that can be associated 
with Gd2O3 and the small peaks measured at 147.9 eV and 144.8 eV that can be associated with Gd2S3. 
There is also an increase in relative ratio of the peaks, this suggests that a surface chemical reaction 
occurred and another possibility for the presence of the peaks (Gd2O3 and Gd2S3) could be chemical 
decomposition of the material [11]. 

 
Figure 7: Fitted XPS for Gd 4d of Gd2O2S:Tb3+ phosphor powder peaks (a) before and (b) after 

degradation for 1x10-6 Torr. 

4.  Conclusion  
The XPS results confirmed the presence of Gd2O3 and Gd2S3 on the degraded Gd2O2S:Tb3+ powder 
spots. The XRD pattern of Gd2O2S:Tb3+ powder shows hexagonal phase structure. The EDS confirms 
the presence of all elements of the host matrix (Gd2O2S) as well as the adventitious carbon from the 
surface. The PL properties were also investigated. 
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