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Abstract. This paper presents the X-ray Photoelectron $psaipy (XPS) analyses of the
electron beam degraded and undegradegDgXTH** phosphor powder. The XPS data was
collected from GgD,S:Tl** phosphor powders before and after electron beagradation.
The data confirms the presence of,Ggand GdS; from both the degraded and undegraded
powders. In addition, S-O bonding was also deteftech degraded powders. This clearly
indicates that the surface reaction did occur dupnolonged electron bombardment in an
oxygen atmosphere.

1. Introduction

Terbium doped gadolinium oxysulfide (@S:Tb™"), one of the rare earth oxysulfide group of
phosphors, is known to be an efficient phosphor basl been put to practical application in low
voltage cathodoluminescent and X-ray devices becatis high conversion efficiency (12—25%) of
the exciting radiation [1-3]. G®,S:Tb™* is a well-known green-emitting photoluminescence a
cathodoluminescence phosphor used in high resol@i projection television screens [4-7]. We
report the XPS characterization of commercial tarbidoped gadolinium oxysulfide (&2,S:Tb™)
green phosphor, which was evaluated for possipfgiaation in cathode ray tube CRT and field
emission display (FED) screens.

2. Characterization

Auger electron spectroscopy (AES) and Cathodolustieece (CL) spectroscopy were used
respectively to monitor changes on the surfacethadCL properties. The AES measurements were
taken in an UHV chamber using a PHI model 549 Augpectrometer. The chamber was first
evacuated to 2.8x10 Torr before backfiling with oxygen to 1xfOTorr. Scanning Electron
Microscopy (SEM) images were taken with a GeminiCLE525 Model to determine the particle
morphology. The crystalline structure of the phaspbowders were investigated using a Burker D8
(Burker Co, German) X-ray diffractometer with Cua K 1.5406 A. The 10Qm, 25 W, 15 kV energy
X-ray beam was used to analyze the S 2p, O 1s3dGahd Gd 4d binding energy peaks (pass energy
11.8 eV, analyser resolutien0.5 eV). The possible chemical states were idedtifvith the Multipak
version of 8.2c computer software [8] using Gaussiarentz fits.



3. Results and Discussion
Figure 1 shows the XRD pattern of the ,Qg5:Tb** phosphor powder. The position and relative
intensity of the XRD lines are in good agreementhvihe data of JSPDS file N0.26-1422, which

shows the pure G@,S hexagonal structure.
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Figure 1: XRD pattern for the G®,S:Tb** phosphor powder.

Figure 2 (a) shows the SEM image of theG®:Tb** phosphor powder. The particles are polyhedron
in shape and agglomerated, showing relatively gdoge packing which is one requirement for the
CRT or X-ray intensifying screens and the particléfr in sizes and shapes. EDS data in figurk)2 (
confirms the presence of all the elements (Gd, @ $intogether with the adventitious carbon®Tb
ions were not detected probably due to their neétilow concentration in the G@,S: T matrix.
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Figfjfe 2. (Simge and (b) EDS spectra marked X of3tD,S:Tb** phosphor powder.

Figure 3 (a) shows the CL spectra before degrauatmal after degradation as function of wavelength.
n The CL decreased due to the formation of a nemlmminescent surface oxide layer. The main
emission peak due to thB®, — ‘Fs transition is at a wavelength of 545 nm. Lessriséeemission
peaks at 490 nm, 585 nm and 620 nm due tcBhe~ 'F, (J = 0, 1, 2, 3,...) transitions are also
shown. The main emission peak at 545 nm was onbutad5% of the initial intensity after
degradation. Figure 3 (b) shows the PL spectradyOs: Tb** powder phosphors excited at 254 nm.
The luminescence peaks in the figure arise frontréngsitions of théD, excited state levels &, J
=0, 1, 2, 3, 4, ...) ground state levels, and belkonine characteristic emission of*fbThe emission
line at 490 nm corresponds to i —'F, transitions, and the emission lines between theab@l 620



nm corresponds to th#®,—'F, and°D,—'F; transitions respectively. The peak at 545 nm mgisi
from the®D,—'Fs transition has the highest intensity.
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Figure 3: (a) CL before and after degradation 1%1Torr and (b) PL spectra for gobS: T

phosphor powder.

Figure 4 shows fitted high resolution S 2p XPS spe@) before and (b) after degradation at 1%10
Torr O,. Note that it is well known that the S 2p corsist 2p,, (BE = ~ 163 eV) and 23p (BE = ~

165 eV) peaks. XPS spectrum in figure 4 (a) inéisdbhat sulfur was primarily present as,Gs (BE

=~ 165 eV) plus a small amount of sulfide spe¢iRfs = ~ 158 eV). The peak at BE = ~ 158 eV can
be assigned to G&; [9]. In addition, the fitted data shows an evice of oxides species (9@t BE

= ~ 168 eV. The degraded spectrum in figure 4 flgws an increase in the €4 and SQ peak
intensity suggesting that an electron beam indscefhce chemical reaction occurred between S and
Gd, and S and O.
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Figure 4: Fitted XPS for S 2p of G®,S: T phosphor powder peaks (a) before and (b) after
degradation for 1xI®Torr.

Figure 5 shows fitted XPS for O1s peaks (a) befom (b) after degradation for 1x3@orr obtained

at O 1s at 531.3 eV. It can be noted that bothddwgraded and undegraded powder spots only two
binding energy peaks were identified. The,Ggdpeak however shows an increase in intensity fer th
degraded sample. The growth in Gglafter degradation is due to the oxide formatiorttansurface

as a result of the ESSCR process as observed iARRE results [9]. It is therefore clear that a



chemical reaction occurred during the degradatimtgss. The binding energy assignment of the
mixed oxides is based on a large extent to the lewed screening that occurs irf @nion compared

to the other oxygen species that are present omsutface and the relative magnitude of this peak
compared to other O 1s peaks present [10].
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Figure 5: Fitted XPS for O 1s of G®,S: T phosphor powder peaks (a) before and (b) after
degradation for 1xIDTorr.

Figure 6 shows the fitted results from an XPS gpectof the Gd 3d peaks (a) before and (b) after
degradation. The peak shape changed due to anpeaka of GgD; (1189.0 eV) and G&; (1192.2
eV) that developed at higher binding energies,@:8-Gd 3dpeakswere measured at 1185.20 eV.
Both the degraded powder and undegraded spotdegtone peak of G@,S-Gd 3d. The peaks for
Gd,0O; and GdS; after degradation have grown and this clearly shthas the surface reaction did
occur after degradation.
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Figure 6: Fitted XPS for Gd 3d of G&,S:TH*" phosphor powder peaks (a) before and (b) after
degradation for 1xI®Torr.

Figure 7 shows the Gd 4d peaks position for theQz# (Gd0O,S-4d peaks) (a) before and (b) after
degradations. Six peaks can be identified for tde4@® core level spectrum after deconvolution of the
experimentally measured curve. Gd,4dnd Gd 4¢, peaks of the G,S are located at 146.7 eV and



141.6 eV. In addition, there are two peaks measatdd!2.2 eV and 147.3 eV that can be associated
with Gd,0Oz; and the small peaks measured at 147.9 eV and &¥4tRat can be associated with /G
There is also an increase in relative ratio offibaks, this suggests that a surface chemical oeacti
occurred and another possibility for the preserfcte peaks (GM; and GdS;) could be chemical
decomposition of the material [11].
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Figure 7: Fitted XPS for Gd 4d of G&,S: T phosphor powder peaks (a) before and (b) after
degradation for 1xI®Torr.

4. Conclusion

The XPS results confirmed the presence of@zdnd GdS; on the degraded GO,.S: TE" powder
spots. The XRD pattern of @8,S:Tb** powder shows hexagonal phase structure. The EBffros

the presence of all elements of the host matrixQgz8) as well as the adventitious carbon from the
surface. The PL properties were also investigated.
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