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ABSTRACT  

Considering luminescent TiO2 films whose surface was imprinted with a 2D square shaped photonic crystal 

with different pattern depths (from 20 to 61 nm), we demonstrate the possibility to use simple absorption 

measurements to evaluate the efficiency of light extraction. Absorption spectra of the patterned systems show 

absorption peaks, evidencing the coupling between the photonic crystal structure and light guided within the film, in 

good agreement with 2D-RCWA simulations. The deeper the pattern depth, the stronger the coupling between the 

guided light and the photonic crystal. Using RCWA simulations, we show that it is possible to evaluate the extraction 

length, characteristic of the efficiency of light extraction, from the absorption spectra, in good agreement with direct 

measurements reported elsewhere. 

Keywords: Extraction length, Paterning, Photonic crystal,  RCWA simulation 

1. INTRODUCTION

The addition of surface patterning on the top of a light-emitting device is largely studied to improve light extraction 
[1,2]. The efficiency of such a structure is determined by the coupling between the guided modes propagating in the 
device and the structure itself, which is characterized in the literature by the measurement of light extraction length, 

corresponding to the length of light propagation in the film before being extracted. The stronger the coupling, the 

shorter the extraction length. 

Matioli et al.3 demonstrates that the extraction length can be deduced from the width of the diffraction peaks observed 
on 2D emission maps in the case of GaN-based LEDs. However, such experiment requires a high-resolution 

angle-spectrum-resolved set-up. More recently a straightforward method to determine the extraction length was 

described by Devys and al.
4 based on the direct observation of the extinction of the guided mode. 

Nevertheless, all these characterizations require a dedicated optical bench which needs time to be set up and 

optimized. 

Here, the idea is to show that we could benefit from an easy, though indirect, method to characterize the PhC 

efficiency on light extraction, based on light trasmission measurements, as light extraction and light injection are highly 

correlated. In essence, the process of light injection in a film is indeed the reverse of extraction as illustrated Figure 1. 

We show here that the efficiency of coupling between an incident beam and the pattern system can be easily 

determined by an absorption measurement in transmission configuration using a common laboratory UV-vis 

spectrometer apparatus. Light is not precisely absorbed by the film but diverted and “absorbance” lines appear on the 

absorption spectra. For this study, we consider a model system, consisting of a TiO2 sol-gel layer doped with 

europium chelates deposited onto a glass substrate and an upper TiO2 layer which is structured by nano-imprint 

lithography (NIL).  
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Secondly, we attempted to exploit angular spectra for extraction length determination. Still considering the effective 1D 

system, the incident wavelength was fixed at λ=650 nm, and we scanned the 0th-order transmission as a function of the 

incident angle. The resonance wavelength previously determined was not considered to avoid side effects present at 

θ=0°. The simulated system is similar to the previous one, but the pattern depth d is modulated from 10 to 80 nm. For 

each depth, the full width at half maximum (FWHM, Δθ) are determined and presented in Table 2. Moreover, Matioli’s 

method, which relates the extraction length Lext to the width of the diffraction bands, can be applied in this case 

(Equation 2). [6] ࢚࢞ࢋࡸ = 	 ૚࢑૙	ࣂࢤ	ࣂ࢙࢕ࢉ [2] 

The extraction lengths (distance that light propagates in the film before being extracted) deduced from the simulations 

are presented on Figure 6. The order of magnitude of those values is consistent with the experimental one presented in 

the literature4.  

Moreover, as Δθ and the peak FWHM, Δλ, are related, the extraction length could theoretically be deduced from the 

experimental data as well. Yet, using a UV-visble spectrometer does not provide the required resolution. But since the 

evolutions of Δθ and of the peak area as a function of d are similar (Figure 2 and Table 2), the peak area (if we use the 

same spectrometer )is a sufficient measurement to compare quantitatively the coupling strength.  

d (nm) FWHM Δθ (rad) 

10 2.56556E-5

20 1.99136E-4

40 7.57625E-4

60 0.00158

80 0.00246

Table 2: Measurements of the FWHM in radian for different depths, d. 

Figure 7 : Evolution of the extraction length as a function of pattern depth, calculated from the FWMH values of the simulated peaks 

by applying Equation 2. 

4. CONCLUSION

We presented a simple experimental method to measure the efficiency of the PhC. Contrarily to the characterization 

describes in the literature, it does not need complex set up, a simple UV-vis spectrometer allows to get the essential data 

to feed a quest of an optimum PhC depth for light extraction.  

Moreover we demonstrated both experimentally and numerically, the influence of the patterning on the light extraction 

for light emitting device. We found a good correspondence between experimental and numerical results.  

The coupling increases proportionally to d² as predicted by Kazarinov for small modulation depths. It has been shown 

that extraction length is varying between hundred and few thousands of wavelengths of incident light for guided 

mode resonance. Our numerical approach can be used to furthersystem optimization and facilitating the experiment preparation.  
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