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Abstract. Flexible SiO2/HfO2 1D photonic crystals and active SiO2–HfO2:Er3+ all-glass flexible planar 

waveguides fabricated by radio frequency sputtering, are presented. The 1D photonic crystals show a strong 

dependence of the optical features on the light incident angle: i) blue-shift of the stopband and ii) narrowing 

of the reflectance window. Nevertheless, the most interesting result is the experimental evidence that, even 

after the 1D photonic crystals breakage, where the flexible glass shows naked-eye visible cracks, the 

multilayer structures generally maintain their integrity, resulting to be promising systems for flexible photonic 

applications thanks to their optical, thermal and mechanical stability. The flexible planar waveguides, 

fabricated on ultrathin flexible glass substrate, showed an attenuation coefficient lower than 0.2 dB/cm at 1.54 

μm, and exibits emission in the NIR region, resulting particularly suitable as waveguide amplifier in the C 

band of telecommunications. 

1 INTRODUCTION 
The benefits obtained in terms of costs and applicability 

by the development of flexible and stretchable electronics, 
compared to their rigid counterparts, have fostered the 

birth of the idea of the photonics analogue. A further step 

in the development of this kind of systems passes through 
the all-glass flexible photonics, thus exploiting the typical 

properties of inorganic glasses (transparency, high 

thermal and chemical resistance, etc.) to produce flexible 
systems[1,2]. Here, flexible SiO2/HfO2 1D photonic 

crystals and active SiO2–HfO2:Er3+ all-glass flexible 

planar waveguides fabricated by radio frequency 
sputtering, are presented. 

2 Flexible SiO2/HfO2 1D photonic 
crystals 

The photonic crystals, constituted by 41 alternating layers 
(20 bilayers + 1) of SiO2 and HfO2, were deposited on 

silicon, vitreous silica slides (v-SiO2, 

75mm×25mm×1mm) and ultrathin AS 87 eco SCHOTT 

glass (75mm×25mm×0.175mm) by RF magnetron 

sputtering. [2] 

(a) 

(b) 
Fig. 1. Picture of the 1D photonic crystal  on bending setup 

a) before and b) during the bending tests (Δd = 2.0 mm). 
Transmittance spectra of the sample, a) before (grey solid 

line) and b) after 1 (light blue solid line) and 10 bendings 
(dark blue dotted line) at a deflection equal to 2.0 mm. 
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The photonic crystals deposited on ultrathin SCHOTT 
glass was subjected to 10 banding cycles using the 

homemade 3-point bending setup at a deflection (Δd) of 

2.0 mm, with a loading speed equal to 2.0 mm/min 
(Figure 1a and 1b). The mechanical deformation, i.e. 

bending, does not influence the transmittance properties 

of the dichroic mirror (Figure 1a and 1b), in fact, both 
position and intensity of the transmittance spectra are 

almost perfectly superimposable before and after 10 

consecutive bending cycles. 

 

 

 

Fig. 2. Illustration photos of 1D photonic crystal  after the 
breakage, showing a) uncoated and b) coated side of AS 87 
eco ultrathin SCHOTT glass. 

Even where the substrate was intentionally cracked 

(uncoated side, Figure 2a), the 1D photonic crystal 
(coated side) can still maintain its integrity (Figure 2b). 

For this reason, we also exploited Atomic Force 

Microscopy (AFM) to investigate the sample surface 

morphology after the ultrathin glass breakage. 

3 Active SiO2–HfO2:Er3+ all-glass flexible 
planar waveguides 

The active SiO2–HfO2:Er3+ flexible planar waveguide 
was fabricated via RF-sputtering technique on both 

ultrathin glass (AS 87 eco SCHOTT glass) and silicon in 

order to characterize the structure also from the 
morphological and compositional point of view. 

The system, fabricated on ultrathin flexible glass 

substrate, showed an attenuation coefficient lower than 
0.2 dB/cm at 1.54 μm, and the losses do not change after 

bending the planar waveguide. 
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Fig. . Normalized photoluminescence spectra obtained 

exciting at 514.5 nm in prism coupling configuration the 

flexible SiO2–HfO2:Er3+ planar waveguide.  
 

To confirm the fabrication of an active waveguide the 

photoluminescence (PL) properties of Er3+ were 
characterized. In Figure 4, PL emission spectrum in the 

NIR region is reported. The shape of the NIR PL spectra 

indicate as the Er3+ ions are embedded in a amorphous 
environment. Further thermal treatment at 400°C does not 

significantly influence the Er3+ spectral features.  
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