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Abstract: An ultrasensitive transverse magnetic mode subwavelength grating racetrack resonator
with a sensitivity of 429.7nm/RIU and a detection of limit of 3.71x10“ RIU is demonstrated
experimentally.
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In recent decades, silicon-on-insulator (SOI) platform has been intensively investigated for point-of-care
applications. A wide range of devices, such as two-dimensional photonic crystal (PhC) micro-cavity resonators [1,
2], one dimensional PhC nanobeam resonators [3, 4], and ring resonators [5] have been demonstrated. Ideally, these
devices must have a high sensitivity and a low detection of limit, which are strongly limited by the optical loss, the
light polarization, and the overlap of light and surrounding matter. Several approaches were proposed and
demonstrated to enhance the photon-analyte interaction and sensitivity by confining light in the low refractive index
region, such as ring slot resonators [6, 7], slot waveguides [8], and nano-holes [9]. Yet their detection of limit is poor
due to the increase of loss. In this paper, subwavelength grating racetrack resonators are proposed and
experimentally demonstrated, which can achieve high sensitivity and low detection of limit simultaneously.

The 3D schematic of the proposed SWGRTR is shown in Fig. 1(a). The magnified image between SWG
waveguide and SWG racetrack waveguide is shown in Fig. 1(b). A is the period of the SWG structure and equals
200 nm. L, W, and H are the length, width and thickness of silicon (Si) pillars, respectively. L. and G represent the
coupling length and the gap between the SWG waveguide and racetrack waveguide, respectively. The radius of
racetrack is 10um. The thickness of the buried oxide is 3um. The upper cladding is the analyte solution to be
detected. TM mode profiles (RSoft 3D BandSOLVE simulations) on xy plane at different cutting positions (red and
blue dash line in Fig. 1(b)) are shown in Figs. 1(c) and 1(d). The silicon duty cycle in this simulation is 0.7 and the
dimension of the silicon pillar (L>W>H) is 140 nm>600nm >220nm. The plot of the mode volume overlap factor in
relation to the duty cycle and width of pillars is shown in Fig. 1 (e). The 39.7% overlap factor of TM modes is larger
than the 30.2% of TE modes with the same size of pillars. Thus, compared to the TE mode SWGRTRs with the
same geometry, a higher sensitivity for TM mode SWGRTRs is anticipated. Fig. 1(f) summarizes the correlation
between coupling strength and coupling gap and length. The critical coupling condition can be satisfied when the
gap is 140nm and the coupling length is approximately equal to 6um according to the simulation.
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Figure 1. (a) The 3D schematic of the proposed SWGRTR. (b) The magnified image of the SWG bus waveguide and the SWG racetrack
waveguide in rectangular region with a blue dash line. E, electric fields of TM mode within silicon pillar to enhance light-matter interaction with
L>XW>H of 140 nm>600nm >220nm in xy plane in red (c) and blue (d) dash line position in (b) around 1550 nm. (e) Plot of overlap of light and
matter versus duty cycle and width of Si pillars. (f) Plot of coupling efficient changing with coupling length L. and gap G around 1550 nm.
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Fig. 2(a) is the scanning electron microscopy (SEM) image of the fabricated SWGRTR. Fig. 2(b) is SEM image
of the TM mode grating coupler. Figs. 2(e) and 2(f) are the magnified SEM images of the left taper between strip
waveguide and SWG waveguide, and the coupling region of the SWG bus waveguide and SWG racetrack
waveguide, respectively. The fabricated SWGRTR is measured in DI water and the transmission spectrum is shown
in Fig. 2 (c). The sensitivity of the proposed SWGRTR is calculated by monitoring resonance shift when different
concentration solutions (0%, 5%, 10% and 20% glycerol) are consecutively injected onto the surface of the
fabricated samples through microfluidic channels. The results are shown in Fig. 2(d). Fig. 2(g) shows the shift of
transmission spectra after the new concentration solutions are injected. Fig. 2(h) is the plot of linear fitting of the
resonance shift in relation to the change of refractive index of the solution. A bulk sensitivity of 429.7nm/RIU for
the fabricated SWGRTR is achieved. The sensitivity of the fabricated SWGRTR, with a relative larger waveguide
width (600 nm) and smaller radius of racetrack (10um), is larger than 402nm/RIU in the SWG ring with the
waveguide width of 500 nm and 30um radius of ring, and the intrinsic detection limit (iDL) of the proposed
structure is 3.71x10™ RIU, lower than that in the ring resonator of 5.5x10 RIU [10]. The bulk sensitivity can be
further improved by decreasing the Si duty cycle and the width of waveguide to increase the mode volume overlap.
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Figure 2. (a) SEM image of fabricated SWGRTR. (b) SEM image of the TM mode grating coupler. (c) Transmission spectrum of the fabricated
TM mode SWGRTR in DI water. (d) Resonance shift for fabricated SWGRTR with different concentration glycerol solutions. The magnified
SEM images of (e) the left taper between strip waveguide and SWG waveguide in white dash rectangular region, and (f) the coupling region
between the SWG bus waveguide and racetrack waveguide in blue dash rectangular region. (g) Shift of the transmission spectra for different
concentration glycerol solutions (0%, 5%, 10% and 20%). (h) Fitting plot of resonance shifts.
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