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Abstract: We present an on-chip optical biosensor for the detection of COVID-19. The
subwavelength grating waveguide-based micro-ring resonator with high sensitivity and low
limit of detection integrates with microfludic channel, which promises clinical utility in
point-of-care diagnostic. © 2022 The Author(s)

1. Introduction

In early 2020, the COVID-19 outbreak spread widely around the world [1]. Without specific medical treatments,
immediate diagnosing and isolation of the infected individual are still regarded as the best viable solution to slow
down the pandemic. In this case, it is paramount to develop an efficient detection system. At present, COVID
diagnosis mainly relies on reverse transcription polymerase chain reaction (RT-PCR), which is relatively accurate
but time-consuming and requires well-trained operators. Besides, asymptomatic patients with low viral load may
show false negatives in PCR tests. Therefore, the importance of developing fast, highly sensitive and low-cost
detection techniques cannot be ignored. In recent decades, more and more lab-on-a-chip (LOC) systems for point-
of-care (POC) analysis with high sensitivity were developed. Among these technologies, optical biosensor utilizes
measurable alteration of laser properties offering promising testing approach for clinical diagnosis [2, 3].

In this work, an on-chip optical biosensor with subwavelength grating waveguide-based micro-ring resonator
(SWGMR) for high-sensitivity COVID-19 detection was presented. Compared with conventional strip waveguide-
based resonators, SWGMR devices provide stronger light-matter interaction, i.e., improves the field overlap with
analyte on sensing surface, thus bring higher sensitivity and lower limit of detection (LOD) [3, 4]. Besides, we
designed microfluidic channels and integrated with on-chip biosensor to achieve POC COVID-19 detection.

2. Working Mechanism and Design

2.1. Subwavelength Grating Waveguide-based Biosensor

The subwavelength grating (SWG) built on silicon-on-insulator (SOI) wafers waveguides comprised of periodi-
cally interleaved silicon pillar and low refractive index materials (sample for testing) with a gap less than one op-
erating wavelength. SWGMRs show outstanding performances for biosensing because the structure significantly
enhances field overlap with analyte on the waveguide’s surface with low power loss [5]. The structure parameters
of SWGMR are shown in Fig 1.a Parameters in Fig 1.a were optimized based on 3D FDTD simulation, and the
tradeoff between better optical properties (e.g., high Q value and propitiate FSR) and light-matter interaction for
biosensing was considered. The probes that could specifically bind to SARS-COV-2 antigen were modified on
SWG micro-ring. This combination results in a change of equivalent background index around sensing surface,
which could be demonstrated on the peak shift in transmission spectrum. The size of shift is proportional to the
number of adsorbed analyte, thus provides a quantitatively approach for COVID-19 detection.

2.2. Microfludic System

For the point-of-care COVID-19 detection, we designed a microfludic system which integrated with SWGMR on
the optical biosensor. As demonstrated in Fig 1.b, the microfludic structure was formed by bonding polydimethyl-
siloxane (PDMS) channel on SOI wafer. In the detecting process, samples are driven by syringe pump or injected
manually, and then flow into detection mircochamber where SWGMR located. The microfluidic structure realizes
precise control of flow rates and biochemical reaction, meanwhile, helps to block remaining exposed surfaces on
device to limit the noise resulting from non-specific interactions.



Fig. 1. Schematic of SWGMR biosensor. (a). Device schematic (b). Microfludic system schematic.

3. Results and Discussion

According to FDTD optimization results, the electric field magnitude distribution of critical part is shown in
Fig 2.a, Besides, we simulated the transmission characteristics of SWGMR with different background indices
to characterize the changes on spectrum before and after antibody-antigen binding. The Q value is ∼2200 and
the FSR is 11.8 nm. As shown in Fig 2.b, a tiny variation of background index generates a 5.72 nm shifting in
transmission spectrum. The SWGMR was fabricated on a 220 nm thick SOI wafer using E-Beam lithography.
Scanning electron microscopy (SEM) images of device and critical part were shown in Fig 2.c.. More quantitative
analysis of biosensing performances will be demonstrated in follow-up biomedical experiments.

Fig. 2. FDTD simulation results and physical map of SWGMR. (a). Electric field intensity distribu-
tion (b). Transmission spectrum with different background indices (c). SEM images of device.

4. Conclusions

In this paper, a point-of-care optical biosensor for COVID-19 detection using SGWMR was presented. Based on
FDTD simulations, the device was designed and optimized. Meanwhile, the tradeoff between optical properties
and light-matter interaction for biosensing performance also be considered, to achieve high-sensitive detection.
Besides, the microfluidic system facilitates clinical applications and further improves device performance.
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