
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Experimental optimisation of O-ring resonator Q-
factor for on-chip spontaneous four wave mixing
To cite this article: P An et al 2018 J. Phys.: Conf. Ser. 1124 051047

 

View the article online for updates and enhancements.

You may also like
Optical fiber polarization-entangled photon
pair source using intermodal spontaneous
four-wave mixing in the visible spectral
band
K Lee, J Jung and J H Lee

-

Nonlinear silicon photonics
M Borghi, C Castellan, S Signorini et al.

-

Counter-propagating spontaneous four
wave mixing: photon-pair factorability and
ultra-narrowband single photons
Jorge Monroy-Ruz, Karina Garay-Palmett
and Alfred B U’Ren

-

This content was downloaded from IP address 18.117.107.90 on 04/05/2024 at 21:59

https://doi.org/10.1088/1742-6596/1124/5/051047
https://iopscience.iop.org/article/10.1088/1612-202X/aca757
https://iopscience.iop.org/article/10.1088/1612-202X/aca757
https://iopscience.iop.org/article/10.1088/1612-202X/aca757
https://iopscience.iop.org/article/10.1088/1612-202X/aca757
https://iopscience.iop.org/article/10.1088/2040-8986/aa7a6d
https://iopscience.iop.org/article/10.1088/1367-2630/18/10/103026
https://iopscience.iop.org/article/10.1088/1367-2630/18/10/103026
https://iopscience.iop.org/article/10.1088/1367-2630/18/10/103026
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsu5abCXHUHw8FWOm_KDrd0is3vOwrNhDagTQBMsEYygdGQmLe9ZECeTzSqvv5OWqgiCY9ZXFjxugMBij_ObajtAqV6fNjDRWwtpRNg9YAWOYF-rot1bK5gv3ONi1vSceRmG689JLbZJtNzUjyZKmFmOodYNMKcCDGk9HYZyDRHSE2of0K1mSrRTw7TNjz8TFXqBnesCgCQ2JYqS4IPzgOts3kuVI4Y8fE9ZDw4akrzTvPsC8nUWEUe9yTgoH4VvhcPqGuv5D1-hpGmZWCPNYZMSbHG4fjG4LiB2FRgf3LCIpKk3deQmq3s2UY-R5I3DO7wo2Khyr3nWphZA5EEYqCOlmZhc_g&sig=Cg0ArKJSzOhN6UkjvYVX&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

SPBOPEN 2018

IOP Conf. Series: Journal of Physics: Conf. Series 1124 (2018) 051047

IOP Publishing

doi:10.1088/1742-6596/1124/5/051047

1

 
 
 
 
 
 

Experimental optimisation of O-ring resonator Q-factor for 
on-chip spontaneous four wave mixing 

P An1, 2, V Kovalyuk1,2, A Golikov1, E Zubkova1,2, S Ferrari3,4, A Korneev1,5, 
W Pernice3,4, G Goltsman1,2,6 
1Department of Physics, Moscow State Pedagogical University, 119992, Russia 
2Zavoisky Physical-Technical Institute of the Russian Academy of Sciences, 
420029, Russia 
3Institute of Physics, University of Münster, 48149, Germany 
4CeNTech - Center for Nanotechnology, University of Münster, 48149, Germany 
5Moscow Institute of Physics and Technology (State University), 141700, Russia 
6National Research University Higher School of Economics, Moscow 101000, Russia 
 
Abstract. In this paper we experimentally studied the influence of geometrical parameters of the 
planar O-ring resonators on its Q-factor and losses. We systematically changed the gap between 
the bus waveguide and the ring, as well as the width of the ring. We found the highest Q = 5×105 
for gap 2.0 µm and the ring width 2 µm. This work is important for further on-chip SFWM 
applications since the generation rate of the biphoton field strongly depends on the quality factor 
as Q3 

1. Introduction 
Planar optical ring resonators (ORRs) are very powerful devices for different applications, including 
optical filtering [1], biology [2], photon pair generation [3] and generation of high-dimensional 
entangled quantum states [4] . One of the most important parameters of the ORR are waveguide losses 
and quality factor (Q-factor).  In this work we experimentally study dependence of ORR Q-factor and 
internal losses on two main geometrical parameters: gap (G) between single mode bus waveguide and 
O-ring waveguide width (Wr). 
 
2. Device designing and fabrication 
We fabricated a 2D array of devices with two sweep parameters: G = 0.1÷2.0 µm and Wr =1.2÷2.0 µm 
and designed them using a self-made Python programming script for positive e-beam lithography 
processing. The ttypical element of the array consisted of two focusing grating couplers (FGCs) for 
input and output light awaveguide bus with fixed width of 1µm width and a O-ring with fixed radius of 
50µm, located at a variable distance (gap) from the bus waveguide as depicted inFigure 1(a). The total 
number of devices inside the array was 200. We used commercial available Si wafers with 450 nm Si3N4 
surface as an optical layer, and SiO2 layer with 2600 nm as an optical buffer between Si and Si3N4 . 
 Fabrication process included one step e-beam lithography with current of electron beam of 25 pA 
and 30 kV accelerate voltage and included a proximity effect correction using NanoMaker software. A 
positive e-beam resist ZEP 520A was spin coated at a speed of 4000 rpm to achieve a nominal thickness 
of 400 nm. We developed ZEP 520A in O-Xylene for 50 sec at a temperature of 25°C after the exposure. 
Dark field optical microcopy was used for controlling of the  development procedure. Reactive ion 
etching process (RIE) was used for waveguide finalizing in argon and CHF3 gas mixture. We etched 
only the half of height of the optical layer (rib waveguides) due to better geometry parameters 
reproducibility. Finally, ZEP 520A was removed by oxygen plasma cleaning.  

http://creativecommons.org/licenses/by/3.0
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Figure 1(a-e). (a) Design of the planar optical resonator (ORR); (b) Transmission spectrum of ORR; 
(c) Single resonance peak demonstrated Q-factor over 5×105; (d) Color contour map of the optical 
losses vs gap and ring waveguide width; (e) Color contour map of the Q-factor vs gap and ring 
waveguide width 

 

3. Experimental setup 
Our experimental setup consisted with tunable laser source (New Focus TLB-6600) for tune the light in 
the range of 1510÷1620 nm, polarization controller for adjusting polarization, 3D mechanical stage with 
piezo motors for precision geometrical aligning of FGCs and light from fibers array [5], as well as a fast 
photodetector for optical power measurementsAdditionally to the main ORRs, we measured test devices 
without rings, fabricated in the same technology process. We subtract the spectrum of FGC from ORRs 
spectra, obtaining the normalized O-ring transmission spectra. 
 
4. Methods and results 
Typical optical transmission of one of the ORR is shown in Figure 1(b). We found, that the measured 
free spectral range (FSR) has a good agreement with the theoretical equation: 

 ��� = ∆� =
��

���
,  (1) 

 where ∆λ is the wavelength difference between two resonances, ng is group refractive index and 
� = ��� is length of the ring (R = 63.73 µm and ng ≈ 2).  

 The Q-factor of the O-ring resonator is proportional to numbers of oscillations of the field before 
the stored optical power deplets to 1/e on respect to the  initial power: �(�) = ������.  
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Figure 2. Experimental setup for the measurements of the transmission spectra of ORRs. Light from 
the tunable laser source is aligned with the ORRs using a fiber array and 3D stage with piezo motors. 
Light, passing thought structures, was detected by a fast photodetector. The photodetectros signal 
was recorded using a NI DAQ system. A polarization controller serves to match the the direction of 
polarization of the incident wave and the FGC. 

 
 The number of oscillations, are determinated by the losses  in the ring. The formal expression 
for the intrinsic Q-factor is: 

 ���� =
����

��
.  (2) 

Qint cannot be directly measured from the transmission spectra, but can be extrapolated by determining 
the loaded quality factor Qloaded. 
In order to extrapolate Qint we first determined the  loaded quality factor of the resonance peak directly 
from transmission spectra:  

 ������� =
��

���� 
, (3) 

where FWHM is the full width half maximum of a resonant peak and �� is the resonance wavelength 
(Figure 1(c)). We chose the 0 near 1550 nm for all of the structures and resonance Lorentz fitting for 
the best extracting 0 and peak FWHM.  
 In a second step, we calculated the intrinsic Q-factor of the ring [6]: 

 ���� =
��������

�����
, (4) 

where T0 is the fraction of transmitted optical power measured by the photodetector at the resonant 
wavelength λ0. 
 Finally, combining equation (1), (2) and (4) we calculated optical losses α in the ring:  

 � =
����

������
=  

�·��

���·�
�����(1 + ���)�. (5) 

 In Figure 1(d,e) are shown a color contour map of Q-factor and losses dependencies on G and Wr. 
The highest Q-factor corresponds the region with the lowest losses pointing to the close to the critical 
coupling regime [7]. we found devices with higher quality factor value of Q = 5.45·105,  at the resonance 
wavelength of 1583.5 nm. 

5. Conclusions 
In conclusion, we studied dependence of ORR Q-factor vs gap between single mode bus waveguide and 
O-ring with different waveguide width (Wr). We found that lowest losses (~ 0.6 dB/cm) and highest Q-
factor (over 2.3·105) at wavelength 1550 nm has the ring with G = 1.8μm and Wr = 1.9 μm. This results 
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is important for further on-chip SFWM applications since the generation rate of the biphoton field 
strongly depends on the quality factor as Q3. 
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