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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 TiO 2 sol-gel layer doped with europium chelates deposited onto a glass substrate and an upper TiO 2 layer which is structured by nano-imprint lithography (NIL). *lucie.devys@polytechnique.edu, phone +33 169 334 716 The efficienc patterned (so samples: a b evidences tha modes, TE an the PhC, the highest effici It is interesti theory [START_REF] Kazarinov | [END_REF] 
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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] = [ 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 literature 4 . 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. 

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

Figure 7 :

 7 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.
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	Figure 1: Sim		the mechanisms s of light injecti on and light ext traction. The geo ometry of the sy ystem is explain ned on the
	graph. It consi	yer of 236 nm o on top a glass su ubstrate. In the p patterned case, th he first 61 nm o	f the TiO 2 layer r at the air
	interface is str		regular square g geometry (perio od 400 nm). PM ML is a perfectly y matched layer, , which absorbs	outgoing
	waves without		to the computat tional domain.	
	Light injection		an unpatterned	sample, whateve er the wavelengt gth of a normal i	ncident wave, th	r reflected
	or transmitted	citation of the g guided mode in	the TiO 2 layer.	On the contrar ry, if the sample	it exists a
	resonant wave	ouples to the guid de mode.	
	Light extractio		ng an emitting d dipole (pink star r) oriented perpe endicularly to th he layer (i.e. em	rection of
	the guided mo	mode settles in th e system. In the	case of an unpa atterned sample	the light is comp	Quite the
	reverse, if the	ured, the light at t a given wavelen ngth is extracted d in the air and in n the substrate. T	avelength
	is the same as	injection light ex xperiment. The e extraction of the e light is shown	in the plot of th	along the
	green lines pr		graph. The blac ck curve corresp ponds to the cu ut of the non-str ructured sample	one to the
	structured one	n the case of the e structuration th he intensity of th he guided mode i is attenuated bec	ht escaped
	through the air	ate.		
				2. EXPERI IMENTAL SE ECTION
	2.1 Synthesi is of TiO 2 thin	film		
	Thin films of Europium co f TiO 2 are prod duced accordin ng to the proces ss described in omplexes Eu(T TTA) 3 are synth hesized follow wing the proces ss previously d [2]. described by D De Silva and al l. 5 . This
	europium ch elate is solubl e in ethanol, t thus it is simpl ly dissolved in n the TiO 2 sol l with a concen ntration of 20	mg/mL.
	Excitation of f such chelates	occurs in the U UV range and m main emission n is situated at 6 612 nm.
	The sol conta aining the emit tting molecule s is deposited b by spin-coatin ng (2000 rpm, 3 30 s) onto glas ss substrates pr reviously
	cleaned by an n UV-Ozone tr reatment for 15 5 min at 50°C	(Novascan cle	aner). A therm mal treatment (5 5 min at 110°C C) allows
	the sol cond densation. The	obtained thin	film of amor rphous TiO 2 p presents an opt tical index of	1.75, as meas sured by
	ellipsometry. .				
	2.2 Surface p patterning				
	On the top o f the luminesc cent TiO 2 layer r is deposited a a second TiO 2	layer for surfa ace structuratio on. This archit tecture is
	chosen in ord der to make su ure that the sam me amount of	emitters is pre esent in the wh hole film despi ite the patterni ing. This
	second sol is s different from m the one used d for the thin fi film containing g the light emit tters because th he condensatio on of the
	latter appears condensation s too quickly. n. [6] The obtain ned sol has a Ti The solution o of TiO 2 molec cular precursor rs is complexe i concentration n c max of 1.2 10 0 -3 mol/L. It is	d by acetylace etone which de elays the spin-coated (3 000 rpm 30 s) onto the
	film doped w with europium	chelates. Befo ore the TiO 2 c condensation, a a square polyd dimethylsiloxan ne (PDMS) m mold with
	400-nm perio od is applied o onto the film s surface. Accord ding to Equati ion 1 and taki ing into consid deration a 200--nm film

milarity between ists of a TiO 2 lay ructured with a t reflection back n: in the case of , there is no exc elength which co on: by introduci ode), a guided m sample is structu the one of the i resented in the . It shows that in r and the substra he light is either e is structured, i mission in the dir pletely trapped. This resonant w he intensity cuts e, and the red o cause of the ligh 2 sublayer. It is Horiba Jobin ture, d. The th t of one or tw an observation trate is not scra study.
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