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Ring resonators and Fiber Bragg Gratings find their way in optical sensing 
applications. The over-all sensitivity of a sensor system depends on the minimum 
resonance wavelength shift that can be detected. We present experimental data on 
Silicon-On-Insulator (SOI) based ring resonators, and demonstrate noise levels down to 
femtometer wavelength shifts. For SOI-based devices, this corresponds to temperature 
shifts in the order of 0.01 milliKelvin, enabling extremely sensitive temperature sensing. 
The distinct fingerprint of the noise indicates that it has a device-intrinsic cause. We 
analyse the origin of the noise, and discuss limitations to the further improvement of 
sensitivity.  

Introduction 
Micro-optical ring resonators find their way in various sensor concepts, to characterize 
for example mechanical strain [1], pressure [2] or biological content [3]. A ring 
resonator (Figure 1) consists of a ring-shaped waveguide, to and from which light can 
be coupled by means of access waveguides. Resonances occur if an integer number of 
wavelengths fits in the ring, causing sharp transmission dips in the ‘through’ output, and 
corresponding peaks in the (optional) ‘drop’ output. A change in the effective refractive 
index of the ring causes these resonances to shift in wavelength. A ring resonator-based 
sensor is designed to translate changes in a physical parameter of interest to refractive 
index changes (for example by means of MEMS structures or selective coatings). The 
refractive index in turn is monitored by a dedicated interrogation unit which tracks the 
resonance wavelengths. Clearly, the over-all sensor sensitivity depends on: 

1. The sensor efficiency to translate the parameter of interest to refractive index 
2. The read-out resolution of the interrogator. 

In this work we discuss the interrogator resolution. 
 

 
Figure 1: ring resonator in Silicon-On-Insulator, fabricated by ePIXfab[4]. Waveguides are overlaid 
with a yellow line for clarity. The far-most guide that is bent down is not used, and properly terminated to 
avoid reflections (tapered to a non-guiding width). 

Interrogator concept 
A range of interrogator concepts has been presented in literature, such as the use of 
scanning lasers [3], Vernier concepts [5], etc.. We believe that the highest possible 
resolution is best achieved using a narrow-band source, optionally combined with an 
external wavelength tracker. To investigate limitations in ring resonator interrogation, 
we use a commercial solid-state DFB laser (Thorlabs PRO800 WDM modules) which 
can be tuned over a few nanometers to  select one of the resonator resonances. We set 
the laser wavelength at the slope of a resonance, such that a small resonance shift 
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∆λ causes a considerable change in transmission ∆T (Figure 2). The wavelength 
resolution  is given by δλ = δT/(dT/dλ), with δT the noise in the transmission signal. 

 
Figure 2: interrogation principle (left) and schematic measurement setup (right) 

Laser stability 
We qualify the laser stability, since we cannot discriminate between wavelength shifts 
from ring resonator and laser. We feed the laser to a 3-port interferometer [6] (Figure 3) 
with a Free Spectral Range of 1.2 pm. We see that the laser needs typically a minute to 
fully stabilize after it is tuned to a different wavelength (Figure 4). We filter the detector 
signals by data post-processing to find a 9 fm wavelength noise from DC – 100 Hz. 
Analysis of the interferometer signals reveals that this noise is actual wavelength noise 
rather than electrical detector noise. If we filter the detector signals around 5 kHz, the 
laser wavelength noise scales with the square root of the bandwidth conform δλ = 0.03 
fm/√Hz. Clearly, low-frequency noise is an important factor, which is also clear from 
the wavelength vs. time plot in the last 10 s. (Figure 4, right). Data filtering from 200-
300 Hz yields a wavelength noise below 3 fm.  
 

 
Figure 3: the three outputs of a 3-port interferometer vary sinusoidally with wavelength, having a mutual 
phase difference of 120° (left). The fiber-optic interferometer is mechanically and thermally stabilized in 
an Al block (right). 
 

 
Figure 4: interferometer signals after changing the wavelength (left), and wavelength shift over the last 
10 seconds relative to the wavelength at t = 50s  (right). 
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Ring resonator wavelength noise 
We used a Silicon–On-Insulator (SOI) ring resonator fabricated in the framework of 
ePIXfab [4]. The device was prototype-packaged in-house to avoid variations in 
coupling efficiency, which would be mistaken for wavelength shifts. Shielding the 
device from mechanical influences, we scanned the laser across a resonance, and 
measured a time trace of the detector signal at each wavelength after a 60 s. stabilization 
time. Selecting a frequency band of 200 – 300 Hz by post-process data filtering to avoid 
low-frequency laser drift, we obtain the resonance shape and noise (calculated as the 
standard deviation of the normalized detector signal) as shown in Figure 5. 
 

 
Figure 5: ring resonator transmission and noise vs. wavelength 
 
We notice that the noise is large where the (absolute value of) the derivative of the 
transmission is large. This noise therefore finds its origin in the relative wavelength 
between laser and resonator. A minimum wavelength noise of 33 fm is found at a 
wavelength of 1552.23 nm, which is an order of magnitude larger than the laser 
wavelength noise (3 fm). Therefore, we believe that the source of this noise is the 
resonator itself. This is further confirmed by the data in Figure 6: if we submerge the 
resonator in water, we find a nearly wavelength-independent noise: the resonator-
induced noise is now suppressed, and the noise floor is set by the electronics. This leads 
us to believe that the resonator noise is of thermal nature, damped when submerged in 
liquid. The obtained wavelength noise for the submerged device is 14 fm (same 200-300 
Hz bandwidth). 
 

 
 
Figure 6: results for the same resonator submerged in water, with the noise plotted on the same scale 
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Follow-up experiment 
We repeated our tests with a second device and better detection circuitry, to find again 
similar noise values (Table 1). However, for the water-submerged device, we now 
observe larger noise at the flanks of the resonance in the same 200 – 300 Hz frequency 
band (Figure 7). This implies that the noise floor is limited by either the ring resonator 
noise or laser noise, rather than by the electronics as in the previous data set. We find a 
total noise of 4.6 fm, considerably larger than the laser wavelength noise, indicating that 
the noise floor is at least partly set by the intrinsic resonator noise. 
 

 
Figure 7: Transmission and noise of the second device, water-submerged, 200-300 Hz 
 

 
Table 1:overview of obtained wavelength noise values. 

Conclusions 
Our data shows that a ring resonator has an intrinsic noise, most likely of thermal origin. 
Wavelength noise can be below 0.5 fm/√Hz, real-time wavelength tracking is needed 
for such demanding applications. A SOI resonator in aqueous ambient has a typical 
temperature dependence of 60 pm/K, such that 0.5 fm corresponds to 8 µK. This offers 
good potential for highly accurate temperature sensing. Note that in typical sensor 
applications a reference sensor for temperature correction is usually incorporated. We 
state that it makes no sense to aim for the ultimate wavelength resolution if that 
reference resonator is not kept at near-equal temperature as the actual sensing resonator, 
or if temperature sensitivity is reduced by means of optimized waveguide design. 
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