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Abstract: The Al2O3 waveguide technology was explored for sensing applications. Passive 

microring resonators with a quality factor in air of 3.2×105 were developed with a bulk refractive 

index sensitivity of ~100 nm/RIU and limit of detection of ~10-6 RIU. These were functionalized to 

detect the biomarker rhS100A4 from urine down to concentrations of 3 nM. Furthermore, 

Al2O3:Yb3+ microdisk lasers were realized that exhibited single mode lasing operation in water. 

Their lasing wavelength was tuned by varying the bulk refractive index and a bulk refractive index 

sensitivity of ~20 nm/RIU with a LOD of ~3×10-6 was achieved. 

 

1. Introduction 

Optical microresonators are numerously integrated on-chip for sensors. These work by monitoring the change of 

resonance wavelength induced by a dielectric perturbation. Most of the best microresonator sensor performances 

regarding sensitivity, limit of detection and clinically relevant biomarker detection were previously demonstrated on 

either the SOI [1], Si3N4 [2] and SiON [3] passive material technologies. 

Al2O3 is an alternative material technology that can be used for microresonator sensors. One of its attractive 

features is that it can be doped with rare-earth ions to achieve gain [4] and lasing [5]. Laser-based sensing allows for 

new sensor functionality with easier detection schemes. For instance, an active sensor was demonstrated that could 

detect particles through a variation of the beat note of a distributed feedback laser [6]. Furthermore, due to the high 

quality factors of this type of Al2O3-based lasers [7], ultra-sensitive operation becomes possible. 

Here, we present an overview of our recent progress on undoped passive, and Yb3+ doped active sensing on 

Al2O3 microresonators. Passive sensing performance including biomarker detection from urine was demonstrated on 

undoped Al2O3 microring resonators (MRR), together with the first results of realizing an active, laser-based bulk 

refractive index sensor in an Al2O3:Yb3+ microdisk resonator (MRD). In both the passive and active case limit of 

detections (LODs) on the order of 10-6 RIU were achieved. These results indicate the viability of realizing an active 

sensor platform on the Al2O3 waveguide technology. 

 

2. Passive microring resonator sensing 

An Al2O3 MRR was designed for operation at a wavelength of 1565 nm for both TE and TM polarization. The MRR 

had a 2.2×0.7 µm2 waveguide cross section and a radius of 200 µm. Its transmission spectrum exhibited resonance 

dips with quality factors up to 3.2×105 for TE polarization in air, corresponding with propagation losses of 

0.6±0.04 dB/cm. Submerging the device in water lowered the quality factors to ~5×104 with propagation losses of 

~5 dB/cm. 

The MRR was used as a bulk refractive index sensor by monitoring the shift of the resonance wavelength in 

real-time while flowing water containing varying concentrations of NaCl over it (Fig. 1a). A highest bulk refractive 

index sensitivity of 102.3±0.5 nm/RIU was obtained for TM polarization. Combined with the uncertainty of the 

sensor’s output of 0.037 pm, a limit of detection of 1.1×10-6 RIU was achieved. Furthermore, by applying a surface 

functionalization, anti-S100A4 monoclonal antibodies were immobilized onto the MRR’s surface. Urine containing 

the clinically relevant cancer biomarker rhS100A4 was flown over the MRR to demonstrate binding thereof to the 

antibodies. A lowest concentration of 3 nM in urine was detected, which is within the clinically relevant range [8]. 



 
Figure 1. Passive MRR sensing. (a) MRR resonance wavelength shift while flowing water containing various concentrations of dissolved NaCl. 

(b) Binding of  rhS100A4 to the MRR surface. 

 

3. Active microdisk resonator sensing 

An Al2O3:Yb3+ MDR was designed for operation around at a wavelength of 1000 nm, since Yb3+ has an absorption 

peak around 976 nm and an emission peak around 1020—1060 nm. The MRD has a radius of 200 µm and height of 

0.55 µm. While being submerged in water and upon optical pumping with a laser diode at 976 nm, it exhibited 

single mode lasing with a side-mode suppression ratio of more than 15 dBm (Fig 2a).  

To demonstrate how the MRD could be used as a sensor, fluids with different refractive indices were flown over 

the device (Fig 2b). The lasing wavelength shifted to higher values for a higher refractive index of the fluid and 

allowed a tunability over a range of 5 nm. Furthermore, by flowing water with increasing amounts of NaCl 

dissolved in it (Fig 2c) a bulk refractive index sensitivity of 21.3±0.8 nm/RIU was determined together with a LOD 

of 3.4×10-6 RIU. In this case the sensitivity is lower since the modal field is more confined to the MRD compared to 

the MRR.  

 
 

 
Figure 2. Al2O3:Yb3+ microdisk resonator laser. (a) Single mode lasing spectrum at a pump diode current of 400 mA. Inset contains the laser’s 

slope efficiency. (b) Wavelength tuning of the laser by changing the top cladding. (c) Shift of lasing wavelength while flowing water containing 

various concentrations of dissolved NaCl. 
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