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To improve the luminescent efficiency of ZnAl,04,:Mn green phosphor, we have investigated the
relationship between the local structure of Mn luminescent center and the luminescent characteristics of
the phosphor. The cathodeluminescence properties depended strongly on the mixing ratio of starting
materials and the reduction temperature. In terms of decreasing the energy needed for the synthesis
process, it should be noted that intense CL was obtained by selecting the proper ratio without the
reduction treatment, which was generally used for increasing the luminance. The XAFS study has
clarified the dependence of the luminance and the color purity of the phosphor on the state of the
luminescent center, which is a key to improve further the luminescent property.
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Fig. 1. SEM photographs of ZnAl,O4:Mn
powder synthesized from the
sources with Rz,4; of 0.45 and
MnCl,; (a) as-synthesized sample
and (b) that after the reducing
treatment at 1100 °C. The marker
represents 1 pm.
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Fig. 2. XRD patterns of (a) the ZnAl,0,:Mn
powder synthesized from the source
with Rz,,4; of 0.50 and those after the
thermal treatment in the reducing
atmosphere at various T, of (b) 800, (c)
900, (d) 1000, (e) 1100, and (f) 1200 °C.
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Fig. 3. CL spectra of the samples shown in Fig. 2.
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Fig. 4. Mn K absorption spectra of MnO,
Mn,03, MnO,, and the ZnAl,04:Mn
powder shown in Fig. 2.

Table 1. Measured spectroscopic and physical
data of various Mn-containing reference
oxide compounds and ZnAl,04:Mn
phosphor samples shown in Fig. 2

Sample

Mn valence

Mn pre—edge

Mn K-edge

Mn main peak

energy (aV) energy (aV) energy (eV)

7,=1200 C° 2 6537.4 6542.5 6554.1
7,=1100 C° 2 6537.4 6543.6 6554.1
7,=1000 C° 2 6537.1 6543.3 6553.7
7, =900 C° 2 6537.5 6543.2 6553.5
7, =800 C° 2,3 6537.2 6543.5 6556.0
as—synthesized 3 6537.4 6548.5 6556.3
MnO 2 6537.2 6541.6 6551.7
Mn,0, 3 6539.0 6545.3 6555.5
MnO, 4 6539.4 6548.8 6558.7
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Fig. 5. XRD patterns of (a) the ZnAl,0,:Mn
powder synthesized from the source
with the R;,/o; of 0.45, and those after
the thermal treatment in the reducing
atmosphere at various T, of (b) 800, (c)
900, (d) 1000, (e) 1100, and (f) 1200 °C.
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Fig. 6. CL spectra of the samples shown in Fig. 5.

Table 2. Measured spectroscopic and physical
data of various Mn-containing reference
oxide compounds and ZnAl,04:Mn
phosphor samples shown in Fig. 5

Mn pre—edge | Mn K-edge | Mn main peak

Sample Mn valence enorgy (oV) | energy (eV) energy (6V)
7,= 1200 C° 2 6537.7 6543.1 6554.4
7,=1100 C° 2 6537.3 6543.5 6554.1
7,=1000 C° 2 6537.3 6543.1 6553.6
7,=900 C° 2 6537.5 6543.2 6553.7
7,=1800 C° 2 6537.3 6543.3 6553.5
as—synthesized 2 6537.1 6543.2 6553.8
MnO 2 6537.2 6541.6 6551.7
Mn,0; 3 6539.0 6545.3 6555.5
MnO, 4 6539.4 6548.8 6558.7
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Mn K absorption spectra of MnO,
Mn,0;, MnO,, and the ZnAl,04:Mn
powder shown in Fig. 5.
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Dependence of the integrated CL
intensity of the samples shown in Figs. 3
and 6 on T,. Symbols of 0 and O show
the data for the sample synthesized from
the source with R;,,,, of 0.45 and 0.50,
respectively.





