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Abstract 
Luminescent films were prepared by infiltration of 

tris(dibenzoylmethane) mono(1, 10-phenanthroline) 

europium incorporated ormosil into colloidal SiO2 

photonic crystal templates. The PL intensity of the 

infiltrated film into the template was about 13 times 

higher than that of the plane film prepared without the 

template. 
 

 

1. Introduction 

 

Organically modified silicate (Ormosil) is an 

organic-inorganic hybrid material, in which organic 

functional groups are chemically bonded to an 

inorganic silica matrix. Intermediate properties of 

ormosils between those of the inorganic silica and 

organic polymers have enlarged their practical 

applications. Recently, lanthanide complexes 

incorporated ormosil phosphors have been studied for 

luminescent-solar-concentrators in photovoltaic cells, 

optical waveguides as well as integrated display or 

lighting devices [1]. Because many ormosils are 

highly transparent in visible light region, it is believed 

that the phosphors would also be used as transparent 

luminescence materials for next generation 

transparent display devices. 

In general, only a small portion of light is generated 

inside a luminescent layer present in thin-film 

emitting devices. The low extraction efficiency is 

mainly due to the total internal reflection at interfaces, 

at which there are significant differences in refractive 

indices. Recently, Y. R. Do et al. have introduced two-

dimensional photonic crystals both on and under the 

thin-film phosphors to enhance the 

photoluminescence (PL) and cathodoluminescence 

(CL) extraction efficiency of the film and investigated 

the effects of the dimensions of the photonic crystals 

on the extraction efficiency [2]. The improvements of 

the extraction efficiency were mainly attributed to the 

liberation of the light trapped within the high-index 

guiding layer.  

In this study, in order to investigate the effects of 

the three-dimensional photonic crystal on the 

extraction efficiency, an organic-inorganic hybrid 

phosphor was used. The hybrid phosphor 

[Ormosil:Eu(DBM)3phen] was prepared by 

incorporation of tris(dibenzoylmethane) mono(1, 10-

phenanthroline) europium [Eu(DBM)3phen] into an 

ormosil. By using the hybrid phosphor, it was easy 

both to form a solid phosphor film and to infiltrate 

into three-dimensional colloidal photonic crystals by a 

spin coating method. The PL properties of the 

phosphor and the effects of the three-dimensional 

photonic crystals on the extraction efficiency were 

investigated.  

 

 

2. Experimental  

 
The methacrylate ormosil was prepared by 

following a previous study [3]. The synthesized 

ormosil was diluted with propylene glycol 

monomethyl ether acetate (PGMEA, 99 %, Aldrich). 

Eu(DBM)3phen (Aldrich) was dissolved in 

tetrahydrofuran (THF, 99.9 % Aldrich) by sonification 

for 2 h, and the Eu complex solution was added to the 

diluted ormosil solution. Two solutions were 

homogeneously mixed by using sonification for 2 h, 

and the Ormosil:Eu(DBM)3phen phosphor was 

obtained. 

The monodisperse spherical SiO2 particles were 

prepared by following the Stöber method [4]. 
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Colloidal solution was prepared by dispersing of the 

prepared SiO2 particles in ethanol (99.9 %, Merck). In 

order to control the thickness of the photonic crystal 

templates, the volume fraction (VF) of SiO2 particles 

in ethanol was varied from 0.1 V% to 3 V%. Clean 

slide glasses were placed in the colloidal solutions. 

During the evaporation of the solvent, the 3D 

photonic crystal templates were fabricated on the slide 

glass. The Ormosil:Eu(DBM)3phen phosphor was 

spin-coated on the clean slide glass and the photonic 

crystal templates at 1000 rpm for 30 s. Both the plane 

and the infiltrated films were photo-cured by using an 

UV lamp in N2 gas atmosphere. Figure 1 (a) and (b) 

shows the schematics of the plane film and the 

infiltrated film, respectively. 

The morphology and size of the prepared samples 

were observed by a Philips XL30SFEG scanning 

electron microscope (SEM). The normal incidence 

transmittance spectra of the prepared samples were 

obtained by using a Shimadzu UV-3101 PC 

spectrophotometer. The PL spectra of the prepared 

samples were recorded by a standard spectrometer 

setup from a DARSA PRO 5100 PL spectrometer 

(Professional Scientific Instrument Co., Korea) using 

a Xe lamp as an excitation source.  

 

 

3. Results and discussion 

 

Figure 2 shows the cross sectional image of the 

plane film spin-coated on the slide glass. The film was 

dense and uniform, and the adhesion to the substrate 

was quite strong. The thickness of the film was around  

 

 

(a) 

 

(b) 

Fig. 1. The schematics of (a) the plane film and (b) 

the infiltrated film. 

 
Fig. 2.  The cross sectional SEM image of the 

plane film spin-coated on the slide glass. 

 

 

 
(a)                  (b) 

Fig. 3.  The photographs of the plane film (a) 

without an excitation source and (b) under 365 nm 

excitation.  

 

 

400 nm. As shown in Fig. 3 (a), the plane film was 

quite transparent. However, under the UV light 

excitation (365 nm), the plane film shows strong red-

emission. Therefore, it is believed that the hybrid 

phosphor and the plane film are promising for next 

generation transparent displays. 

Figure 4 shows the normal incident transmittance 

spectrum of the photonic crystal template prepared by 

self-assembly of the colloidal SiO2 particles. The 

stopband was clearly observed at 1050 nm. The 

position of the stopband depends strongly on the 

refractive index and the mean diameter of the 

colloidal particles, and could be expected from the 

Bragg equation [5]. The inset of the Fig. 4 shows the 

SEM image of the photonic crystal template. A mean 

diameter of the SiO2 particles was around 490 nm, and 

the position of the stopband was well matched with 

the position expected from the Bragg equation. Figure 

5 shows the cross sectional SEM image of the 

infiltrated film with the VF of 0.2 V%. The hybrid 

phosphor was well infiltrated into the photonic crystal 

template. The film thickness was around 1.0 µm. 
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Fig. 4. The normal incident transmittance 

spectrum of the photonic crystal template. The 

inset shows the SEM image of the photonic crystal 

template. 

 

 

 
Fig. 5. The cross sectional SEM image of the 

infiltrated film with the VF of 0.2 V%. The film 

thickness was around 1.0 µm. 

 

 

Figure 6 shows the PL spectra of the plane film 

and infiltrated films with the various template 

thicknesses. When the VFs were 0.2 V%, 0.3 V%, and 

0.5 V%, the thicknesses of the photonic crystal 

templates were 1.0 µm, 3.8 µm, and 9.5 µm, 

respectively. The excitation wavelength was 360 nm. 

As shown in Fig. 5, the PL intensity was suddenly 

increased by using the templates. The PL intensity 

was increased with increase of the template thickness 

from 0 µm (the plane film) to 9.5 µm. The PL 

intensity of the infiltrated film with the template 

thickness of 9.5 µm was about 13 times higher than 

that of the plane film. However, above the 0.5 V%, the 

PL intensity was saturated. 

 

 

 

 
Fig. 6. The PL spectra of (a) the plane film and the 

infiltrated films with various template thicknesses.  

 

 

4. Summary 

 

In summary, in order to investigate the effects of 

the three-dimensional photonic crystal on the 

extraction efficiency, an organic-inorganic hybrid 

[Ormosil:Eu(DBM)3phen] phosphor was used. The 

plane film prepared by spin-coating of the 

Ormosil:Eu(DBM)3phen phosphor on the clean glass 

slide was dense and transparent. The PL intensity of 

the film was largely improved by the infiltration into 

the colloidal SiO2 photonic crystal template. The PL 

intensity of the infiltrated film was about 13 times 

higher than that of the plane film prepared without the 

template. It is believed that the hybrid phosphor and 

the luminescence films prepared with the phosphor 

could be one of the promising materials for next 

generation displays. 
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