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Abstract: We demonstrate design, fabrication, and characterization of two-dimensional 
Photonic Crystal (PhC) waveguides on suspended Silicon rich nitride (SRN) platform for 
applications at telecom wavelengths. Simulation results suggest that a 210 nm photonic band 
gap can be achieved in such PhC structures. We also developed a fabrication process to 
realize suspended PhC waveguides with a transmission bandwidth of 20 nm for W1 PhC 
waveguide and over 70 nm for W0.7 PhC waveguide. Using the Fabry–Pérot oscillations of 
the transmission spectrum we estimated group index of over 110 for W1 PhC waveguides. 
For W1 waveguide we estimated a propagation loss of 53 dB/cm for a group index of 37 and 
for W0.7 waveguide the lowest propagation was 4.6 dB/cm. 
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1. Introduction 
A strong light-matter interaction between the optical field and the material medium is 
essential for a diverse field of applications, ranging from integrated photonics, optical 
sensing, quantum optics, and nonlinear optics etc. Two-dimensional Photonic Crystals (PhC) 
offer such strong interaction due to their ability to confine light in a tiny space or to control 
the speed of light [1-10]. It has been well established now that by using the slow light 
property of PhC waveguides, light can be propagated through them at a fraction of the speed 
of light in vacuum [11, 12]. This ability of PhC waveguides has been exploited for many 
linear or nonlinear applications, such as electro-optic modulation [2] and optical switching 
[13], optical delay line [14], signal regeneration through four wave mixing [15, 16] and 
Raman amplification [17] etc. Silicon-on-insulator (SOI) has always been the most preferred 
material for such demonstrations with PhC structures for telecomm wavelengths, primarily 
because of two reasons: first, Si-air or Si-SiO2 material combination offers a high index 
contrast material platform to realize PhC structures with large photonic band gap (PBG) and 
secondly, the fabrication process for Si is well established. However, strong nonlinear 
absorption, i.e. Two Photon Absorption (TPA) in Si adversely effects the performance of 
nonlinear Si photonic devices [18]. Recently, Silicon Nitride (Si3N4) is being exploited as an 
alternative material platform for nonlinear photonic applications [19]. Si3N4 platform offers 
several advantages, such as optical nonlinearity without any TPA for telecom wavelengths, 
large transmission window from visible wavelengths all the way to mid infrared wavelengths 
[20], CMOS compatible fabrication processes and possible 3D integration with other optical 
circuits. However, the nonlinear Kerr coefficient of Si3N4 is significantly lower than the 
corresponding value for Si. One way to improve the nonlinear coefficient is by increasing the 
Si content of the nitride film. Using such Si-Rich Nitride (SRN), different research groups 
have demonstrated enhanced nonlinear effects [21-24]. For example, Lacava et al. have 
demonstrated an order of magnitude improvement in nonlinear refractive index n2 from 
2.2x10-19 m2/W for stoichiometric Si3N4 to 1.65x10-18 m2/W with negligible increase in the 
TPA value [23]. Along with enhanced nonlinear effects, by controlling the Si content, the 
refractive index of the SRN can also be increased. In this work, we demonstrate, to our 
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technique. We used five different waveguide lengths ranging from 100 µm to 1 mm, as shown 
in Fig. 3(a) and by using linear regression we estimated the waveguide propagation loss at 
different wavelengths. As expected the propagation loss increases linearly with the group 
index. For example, at 1575 nm wavelength the group index is 37 and the propagation loss is 
53 dB/cm, whereas at 1582 nm wavelength for a group index value of 100 the propagation 
loss increases to about 138 dB/cm.  

 
Fig. 5. W1 waveguide: (a) Gray and black curves show the measured transmission spectrum 
and the trend in transmission spectrum respectively for a 200 µm long waveguide with lattice 

period a = 580 nm. The transmission region is about 20 nm and highlighted by the dashed 
lines. (b) The calculated group index curve is shown in black and estimated group index values 

of the fabricated device is shown with green squares. The highest estimated group index is 
110. The waveguide propagation loss is shown in red dots and the lowest propagation loss 

measured was 53 dB/cm for a group index of 37.  
W0.7 waveguide: (c) Gray and black curves show the measured transmission spectrum and the 
trend in transmission spectrum respectively for a 200 µm long waveguide with lattice period a 
= 580 nm. The transmission bandwidth is over 70 nm covering the entire laser tuning range. 
(d) The calculated group index curve is shown in black and estimated group index values of 
the fabricated device is shown with green squares. The highest estimated group index is 34. 

The waveguide propagation loss is shown in red dots and the lowest propagation loss measured 
was 4.6 dB/cm for a group index of 7.4. 

Although, using W1 PhC waveguide, we managed to demonstrate high group index 
values, their low transmission bandwidth could cause serious drawbacks for any practical 
applications. As discussed in the previous section, one way to avoid such bandwidth 
limitations is by reducing the waveguide width. Here we used a W0.7 PhC waveguide to 
demonstrate broadband operation. Figure 5(c) shows the transmission spectrum of a 200 µm 
long W0.7 PhC waveguide, where the measured transmission is shown in gray and the trend 



is shown in black. We can observe a clear cutoff at 1602 nm wavelength due to PBG and 
relatively flat transmission is observed within the tunable laser wavelength range. In Fig. 5(d), 
we plot the calculated group index curve in black and the estimated group index is plotted 
using green squares. The group index of W0.7 does not increase as high as W1 waveguide 
close to the PBG and the highest group index we could estimate from the Fabry–Pérot 
oscillations in the transmission spectra is 34. This is expected since the dispersion curve for 
W1 waveguide is flatter near the PBG in comparison to W0.7 waveguide, as apparent in Fig. 
1(b). The propagation loss at different wavelengths is plotted using red squares. In the fast 
light region, the lowest propagation loss was 4.6 dB/cm for a group index value of 7.4 and as 
expected the propagation loss increases with group index. We believe that in our case the 
major factor to the propagation loss is surface roughness (as visible in Fig. 3(d). This can be 
avoided either by further optimization of the deposition process or by planarization using 
Chemical Mechanical Polishing (CMP). 

4. Conclusion 

To summarize, we have demonstrated PhC waveguides on SRN platform for applications in 
telecom wavelengths. The PECVD deposited SRN film had a refractive index of 2.54. Our 
theoretical calculation suggested that SRN-based PhC structures can have optical 
performance comparable to high index contrast materials such as Si. We successfully 
developed a fabrication process to realize suspended SRN structures on Si using a 
combination of dry and wet etching processes. Finally, we experimentally demonstrated W1 
and W0.7 PhC waveguides with air holes in SRN. We observed clear bandgap with extinction 
ratio of over 20 dB for different PhC waveguide designs. For W1 waveguides we estimated 
group index of over 110, this value is quite comparable to Si based PhC waveguides. 
However, the main drawback of W1 waveguide is the transmission bandwidth, which is about 
20 nm. By using a W0.7 waveguide we experimentally demonstrated large transmission 
bandwidth of over 70 nm. For W1 waveguide we estimated a propagation loss of 53 dB/cm 
for a group index of 37 and for W0.7 waveguide the lowest loss we measured was 4.6 dB/cm 
in the fast light region. With these results, we expect that our current demonstration will 
stimulate further research to develop PhC based devices on SRN platform, aiming for sensing 
and integrated nonlinear photonics applications. 
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