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Integrated photonic biosensors are capable of detecting trace amounts of biochemical substances without time-
consuming labeling steps [1]. Ring resonators and Mach-Zehnder interferometers (MZI) are among the most
widely used sensor architectures. The latter can operate with a simple, fixed-wavelength source and have recently
shown state-of-the-art limit of detections (LOD) (10−7 −10−8 RIU) [2] by using the coherent phase read-out illus-
trated in Fig. 1(a), overcoming sensitivity fading and directional ambiguity [3]. Sensors using resonant structures
often require a wavelength-swept source or broadband source combined with a spectrum analyzer [4]. However,
they can also be interrogated with a coherent detection scheme and a fixed wavelength source, shown in Fig. 1(b),
making them especially suited for cost sensitive point-of-care devices.
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Fig. 1 Schematic of a biosensing system based on an interferometer (a) and a ring resonator (b) with coherent phase read-out.
(c) LOD as a function of the absorption αL of the propagating light in the sensing arm and transmission coefficient t. The ring
is assumed to be on resonance. The black curve corresponds to critical coupling, i.e. t = exp(−αL). For t = 0 the LOD results
in the LOD of an interferometric sensing architecture.

The LOD is the smallest change in analyte that can be detected by the biosensing system. In addition to its de-
pendency on the waveguide sensitivity, it is critically limited by the signal attenuation and noise [5]. We have
analytically studied the impact of these factors on the LOD, arring at a closed form expression. This expression
is valid for both interferometric and ring resonators with coherent detection scheme and holds for interferometric
architectures with conventional read-out, at the quadrature point, too, thereby enabling us to formulate clear guide-
lines for sensor optimization [5]. Fig. 1(c) shows the LOD of the resonant structure depending on the transmission
coefficient t of the waveguide-ring coupler and its associated losses αL due to propagation. The LOD is obtained
for a typical setup with SOI waveguides. Assuming the ring to be tuned to resonance it can clearly be observed
that both structures have an optimum length L = Lopt for which the LOD is minimized. For the resonant case
the optimum length diminishes with increasing transmission coefficient t > 0. We observe that for short sensor
length (αL � 1), the optimum LOD is only achieved for a small range of transmission coefficients, thus requiring
stringent control of fabrication tolerances. For the interferometric case, i.e. t = 0, for which no tuning to resonance
is required, the optimum lenght is ∼ 1/α reaching virtually the same LOD as a critically coupled ring resonator.
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