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Sol-Gel Synthesis of CaAl1,019:Mn Phosphor and Red L uminescence
by Near-Ultraviolet/Blue Excitation
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CaAl12049:Mn red-emitting phosphor has been synthesized by anovel sol-gel route for the possible applications
for white LEDs or white OLEDs. The sol-gel derived CaAl1,O:Mn phosphor was crystallized into a single
crystalline phase and showed red luminescence excited by NUV and blue wavelength. The main red emission
peak was a 653 nm with satellite peaks while the excitation bands consisted of three peaks around 334
nm, 397 nm, and 468 nm. The sol-gel derived CaAl20.9:Mn red-emitting phosphor would be compatible
for the possible application of white LEDs or white OLEDs through NUV- or blue- excitation.
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1. INTRODUCTION

White LEDs require new phosphors excited by near-ultra-
violet (NUV) light-emitting diodes (LEDs) or blue LEDs
because many conventiona phosphors for fluorescent lamps
cannot be excited by NUV or blue LEDs™ White LEDs
usng NUV LEDs require blue-, green-, and red-emitting
phosphors under a NUV excitation at approximately 400
nm, which is much longer than the 254 nm wavelength in
mercury-based fluorescent lamps. Another type of white
LED uses a blue LED chip, and therefore requires efficient
phosphors emitting longer spectra under blue excitation at
around 450 nm. Also, new phosphors can be integrated into
possible white organic LED (OLED) structures using phos-
phor layers which can be excited under blue OLED device
operation rather than through conventional color conversion
layers. For integration of new phosphors with white LEDs,
oxide phosphors are preferred over sulfide phosphors due to
better stability during long-term device operation.

The authors previoudy reported simple ethanol-based sol-
gel routes for nanocrystalline oxide phosphors*® for PDP
applications instead of the traditional high temperature solid
state reaction with amicron-sized phosphor. The sol-gel pro-
cessis consdered to be very flexible for synthesizing nano-
szed materias!™ The process allowsthe desired composition,
a high degree of uniformity, and a lower firing temperature
to induce thefina crystaline phases which are obtained eas-
ily compared to the conventiona high temperature solid
state reaction.*®

* Corresponding author: mskwon@uos.ac.kr

According to our knowledge, CaAl,0:Mn phosphor
obtained by sol-gel route has not been reported. In thisletter,
the first time, we report a novel sol-gd route to synthesize
CaAl1,01:Mn phosphor and red emission properties by
NUYV and blue excitation for possible application with white
LEDs and white OLEDs operating through NUV/blue
excitation from electronic devices. We used ethanol and
deionized water as the solvent. For the meta precursors, Ca
nitrate, Al nitrate, and Mn nitrate were used instead of other
more expensive organic precursors used with conventiona
sol-gel routes.

2. EXPERIMENTAL PROCEDURE

Figure 1 shows the procedure to synthesize the CaAl12010:
Mn phosphor using an ethanol-based sol-gel route. A fixed
molar amount of calcium nitrate and aluminum nitrate was
dissolved in the ethanol and stirred for 1 h at room tempera-
ture. Manganese nitrate and deionized water were added to
the solution, and the solution was gtirred for an additional
hour. The amount of delonized water was equa to the amount
of ethanol. Findly, acetone was added to the solution, and the
solution was stirred for 1 h to make a uniform solution. The
find clear solution was dried in air at 60°C for 20 h, and
transformed into dried amorphous gel powders. The ge
powder was fired at 1400°C in air for 2 h to induce the crys-
tallization of the dried gel powder.

X-ray diffraction (XRD, D8 Advanced X-ray, Bruker Axs.)
was used to identify the crystalline phases of the sol-gel-syn-
thesized CaAl20:0:Mn phosphor. Field emission scanning
€electron microscopy (FE-SEM, Hitachi S-4300) was used to
observe the phosphor powder. The photoluminescence spec-
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Fig. 1. Flowchart showing the sol-gel route for sol-gel-derived
CaAl120:9:Mn phosphor.

traand excitation spectra were measured using a fluorescence
spectrometer (Hitachi F-4500) with a 150 W monochroma:
tized Xe lamp. The luminescence spectra were measured
using excitation wavelengths of 254 nm, 380 nm, 400 nm,
420 nm, and 450 nm.

3. RESULTS AND DISCUSSION

Figure 2 shows XRD patterns of the sol-gel-synthesized
CaAl1,01:Mn phosphor. Formation of a single crystaline
phase can be seen in the figure. The diffraction peaks came
from the JCDPS Card. (No. 84-1613). The firing temperature
(1400°C) was lower than a previous result by solid-state
reaction. Murata et al. reported a solid-state reaction at 1923
K, 3hinair, and red emission spectrawithout XRD patterns
of the derived crystaline phases'® In our study, a lower
temperature was sufficient to form a single phase crystalline
CaAl12019:Mn phosphor.
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Fig. 2. XRD pattern of the sol-gel-derived CaAl1,0:9:Mn phosphor.

Figure 3 shows FE-SEM images of the sol-gel-derived
CaAl120:9:Mn phosphor fired at 1400°C. The particles are
agolomerated with each rod-like shape, as shown in Fig. 3.

Figure 4 shows the red emission spectra of the sol-gel-
derived CaAl20:0:Mn phosphors with each different ex-
citation wavelength. For the excitation a 254 nm, the red
emission was not as efficient as that of a conventiona lamp
phosphor. However, the red emissions were efficient for
NUV wavelengths of 380 nm, 400 nm, and 420 nm. The red
emisson was also efficient for blue excitation at 450 nm.
The highest emission intensity was obtained by 400 nm
excitation. The emission spectra show a narrow band between
600 nm and 700 nm with sharp peaks at 640 nm, 656 nm,
and 664 nm. The main peak was a 656 nm, which is known
to be due to the °E — “A, transition of Mn* ion. The Mn
ions are known to substitute the six oxygen-coordinated Al*
sites”

Figure 5 shows the excitation spectrum of the same

Fig. 3. FE-SEM image of the sol-gel-derived CaAl1,0:5:Mn.
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Fig. 4. Emission spectra of the sol-gel-derived CaAl1,010:Mn phosphor
with different excitation wavelengths.
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Fig. 5. Excitation spectrum of the sol-gel-derived CaAl20:9:Mn
phosphor.

CaAl1,01:Mn phosphors with a fixed emission wavelength
with maximum intensity, as shown in Fig. 4. The excitation
spectrum exhibits abroad band between 250 nm and 550 nm
with three main peaks occurring at about 334 nm, 397 nm,
and 468 nm.

4. CONCLUSION

CaAl12019:Mn red-emitting phosphor was synthesized by
a novel sol-gel route for possible applications with white
LEDs or white OLEDs using NUV excitation or blue
excitation. Our simple ethanol-based sol-gel procedures were

carried out in an air environment without additional reducing
processes. The sol-gel-derived CaAl1,0:0:Mn phosphor was
crystalized into a single crystaline phase and showed red
luminescence excited by NUV and blue wavelengths. The
main emisson pesk was a 653 nm with satdlite peaks,
while the excitation bands showed three main pegks at
around 334 nm, 397 nm, and 468 nm.
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