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Abstract: We have systematically examined the impact of structural parameters on silicon ring 
resonator-based photonic temperature sensor’s performance by systematically varying the ring 
radius, waveguide width and gap separating the ring and waveguide. 

1. Introduction 

 In recent years there has been considerable interest in developing photonic sensors that leverage advances in 
frequency metrology to enable generational improvements in sensing capabilities. Considerable effort has been 
expended in developing novel photonic (bio)chemical sensors to enable reliable, cost-effective, pervasive 
monitoring of environmental and health specific variables including glucose [1], pH [2] and temperature [2-4]. 
Given the wide application landscape, a wide variety of photonic temperature measurement solutions have been 
proposed and developed including functionalized dyes, hydrogels, fiber optic-based sensors and silicon photonic 
devices. 

In general photonic fiber optic or silicon sensors exploit changes in a material’s properties e.g. an induced 
change in material’s refractive index to enable highly sensitive measurements. In recent years the dependence of 
material’s refractive index on temperature i.e. the thermo-optic effect has been exploited to for highly sensitive 
temperature measurements. For example, synthetic sapphire’s intrinsically high thermo-optic effect has be exploited 
for highly sensitive temperature measurement by measuring microwave frequency shifts of monocrystalline 
sapphire’s resonant whispering gallery modes [5, 6]. An optical analog of this, using infrared light to probe strain-
free fiber Bragg gratings (FBG), exhibits temperature dependent shifts in resonant wavelength of 10 pm/K [7-10]. 
Recent studies  that demonstrated that silicon ring resonator devices respond rapidly to small temperature variations 

[11] and can be used to detect temperature differences as small as 80 K while being insensitive to changes in 
humidity [4]. Similar ring resonator type devices have been functionalized to enable bio-chemical sensing [12]. 

Here we have carried out a systematic examination of the impact of structural parameters on device’s 
performance. Our results indicate that device optimization requires achieving a desired balance between extrinsic 

coupling loses () and the propagation constant () values e.g. our results indicate that resonance quality factors of 

10
4
 are consistently achieved when  ≈ 0.2, while highest temperature response of the resonance wavelength 

(∆𝜆/∆T) is achieved when  ≈ 0.07 to 0.5 and  ≈ 0.0172. 

2. Results and Discussion 

We have systematically varied the waveguide width (w = 480 nm, 600 nm, 610 nm), air gap (Lgap = 100 nm, 115 nm, 

130 nm, 145 nm, 165 nm) and ring radius (r = 9 m, 10 m, 11 m and 12 m) over 100 devices to examine the 
impact of structural parameters on device performance. Variation in waveguide width is expected to impact the 

effective refractive index neff of the mode, Lgap impacts the coupling losses () while ring resonator is expected to 
primarily impact the free spectral range (FSR). In our initial survey of the 100 devices, we identified 40 devices 
where at least one resonance was observed over the range of 1520 nm to 1565 nm. None of the devices with 
waveguide width of 480 nm show no resonances in this range indicating a failure to couple light between the 
waveguide and ring resonator. For the 40 viable devices at least one FSR was measured at three different 
temperatures.  

As shown in Fig 1a, the FSR values vary inversely with r while Q-factors show an asymptotic dependence on 

Lgap (or ) with highest Q values observed at  < 0.2 (Lgap ≥ 115 nm). Temperature response (∆𝜆/∆T) decreases 
linearly with r, and asymptotically with Lgap (Fig 1b). With data available on only two waveguide widths it is 

difficult to draw any significant conclusions on its impact on sensor response. The observed dependence of (∆𝜆/∆T) 

on Lgap and r can be better understood by examining the behavior of propagation constant () on structural 

parameters. As shown in Fig 1c the magnitude of  steadily declines with increasing r, a result in line with observed 

behavior of FSR (Fig 1a). The range of  values observed narrows as Lgap is increased, effectively narrowing the 

range of the effective refractive index neff and its temperature response ∆neff/∆T as  increases. The large variability 

in  values (0.01705 to 0.01725) observed at Lgap = 100 nm may derive in part from slight fabrication errors, e.g., 
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the gap distance between the waveguide and the ring may deviate slightly from 100 nm or the walls of the 
waveguide and the ring may slop downwards, effectively narrowing the air gap.  

For thermometry applications, it would advantageous to develop devices that are more tolerant of slight 
fabrication errors, have a large operating range, can resolve small temperature differences while retaining 

sufficiently high temperature response. Our results here indicate that highest temperature response (∆𝜆/∆T ≈ 100 

pm/C) is achieved when Lgap = 100 nm ( ≈ 0.5,  ≈ 0.01705 to 0.01725) and are r is minimized. Such devices 
however consistently show low Q-factors (Q ≈ 10

3
) and small FSR which adversely impacts their operating range 

and ability to resolve small ∆T changes. Devices with large Lgap and r values enable fabrication of consistently high 
Q-factors (Q ≈ 10

4
), large operating range devices; however the temperature response decreases by 20% to 40%. 

Our results thus indicate that the parameter space of  ≈ 0.1 to 0.2 and  ≈ 0.01710 to 0.01725 holds the best 
promise for consistent fabrication of high performance photonic thermometers.   

3. Summary 

We have systematically characterized the impact of structural parameters on ring resonator’s temperature sensing 
performance. Our results indicate that device optimization requires a striking balance between two competing 

parameter,  and . We determine that the parameter space bounded by  ≈ 0.1-0.2 and  ≈ 0.01710-0.01725 is 
likely to be ideal for enabling consistent fabrication of high performance photonic thermometers. 

 
 
Fig. 1: Impact of structural parameters on a) FSR b) Q-factors c) temperature response d) propagation constant and e) coupling loss. 

References: 

[1] V. L. Alexeev, S. Das, D. N. Finegold, and S. A. Asher, "Photonic crystal glucose-sensing material for noninvasive monitoring of glucose in tear fluid," Clin 

Chem 50, 2353-2360 (2004). 
[2] M.-S. Kwon and W. H. Steier, "Microring-resonator-based sensor measuring both the concentration and temperature of a solution," Opt. Express 16, 9372-9377 

(2008). 
[3] D. L. Creedon, M. E. Tobar, and J.-M. Le Floch, "Single-crystal sapphire resonator at millikelvin temperatures: Observation of thermal bistability in high-Q factor 

whispering gallery modes," Phys. Rev. B 82, 104305 (2010). 
[4] H. Xu, M. Hafezi, J. Fan, J. Taylor, G. F. Strouse, and Z. Ahmed, "Ultra-Sensitive Chip-Based Photonic Temperature Sensor Using Ring Resonator Structures," 

Optics Express 22, 3098-3104 (2014). 
[5] G. F. Strouse, "Sapphire Whispering Gallery Thermometer," International Journal of Thermophysics 28, 1812-1821 (2007). 
[6] L. Yu and V. Fernicola, "A temperature sensor based on a whispering gallery mode resonator," American Institute of Physics (AIP) 9th Int. Temperature Symp. 

(ITS9) (2013). 
[7] D. A. Krohn, Fiber Optic Sensors: Fundamentals and Applications 3ed. (ISA, 2000). 
[8] S. J. Mihailov, "Fiber Bragg Grating Sensors for Harsh Environments," Sensors 12, 1898-1918 (2012). 
[9] J. Hecht, Understanding Fiber Optics 4th ed. (Prentice Hall, 2002). 
[10] A. D. Kersey and T. A. Berkoff, "Fiber-optic Bragg-grating differential-temperature sensor," Photonics Technology Letters, IEEE 4, 1183-1185 (1992). 
[11] G.-D. Kim, H.-S. Lee, C.-H. Park, S.-S. Lee, B. T. Lim, H. K. Bae, and W.-G. Lee, "Silicon photonic temperature sensor employing a ring resonator 

manufactured using a standard CMOS process," Opt. Express 18, 22215-22221 (2010). 
[12] G.-D. Kim, G.-S. Son, H.-S. Lee, K.-D. Kim, and S.-S. Lee, "Integrated photonic glucose biosensor using a vertically couple microring resonator in polymers," 

Optics Communications 281, 4644-4647 (2008). 


