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1. Numerical Simulation of Metasurface

We performed a 3D finite-difference-time-domain simulation using software from Lumerical
Solutions, Inc., with a normal-incidence broadband THz wave transmitting through the square gold
aperture on an intrinsic silicon substrate. The distribution of the electric field magnitude is shown in
Figures Sla (top view) and S1b (side view). The electric field magnitude is normalized to the maximum

value within the metasurface. A typical dipole-like distribution is seen.’



2. Principal Component Analysis

To determine the minimum detectable kanamycin sulfate concentration, we employed the
method of principal component analysis (PCA)*. As a multi-dimensional scaling method, PCA
provides a way of visualization of similarities among datasets. Through an orthogonal
coordinate transformation, PCA reduces the dimension of datasets to, for example, two, thus
projecting the original multidimensional datasets onto a two-dimensional (2D) plane. The
original data have the largest variations along the two coordinates after the transformation, so
that most information will not be affected by the dimensional reduction. The coordinate values
in the new coordinate system are usually referred to as the principle component scores and

denoted as PC1 and PC2.

For our THz measurements, each transmittance spectrum was represented as a
multidimensional vector, which was then analyzed and illustrated through PC1 and PC2 on a 2D
plane’. More specifically, a total of 25 raw spectra (five spectra per kanamycin sulfate
concentration) were analyzed using the PCA method, and the results are visualized in Figure S2a;
PC1 and PC2 here account for 99.94% variations. Similar data will form a cluster in the 2D plot.
Especially for the samples with 0.1 ng/L (blue solid squares), 1 ng/L (cyan diagonal crosses), and
10 ng/L (pink open rhombi) concentrations, obvious three well-separated clusters can be
observed, without overlapping. From Figure S2a, it can be also seen that the samples with 1
pg/L (red crosses) and 0.01 ng/L (green open triangles) concentrations cannot be distinguished
and classified. Therefore, we conclude that the minimum detectable kanamycin sulfate

concentration on metasurfaces is 0.1 ng/L.

For comparison, we also performed a similar PCA analysis for the measured

transmittance data for kanamycin sulfate directly on the silicon wafer in the same frequency



range as that for metamaterials, as shown in Figure S2b. In this case, two distinguishable
clusters are seen. Data points corresponding to concentrations less than 1 g/L are not
distinguishable. Therefore, we conclude that the minimum detectable concentration in this case

is 1 g/L, which is ~10'® times higher than that found in the metasurface case in Figure S2a.
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Supplementary Figure 1: The simulated field distribution. a, Top view of one unit of the
metasurface structure on a silicon substrate. b, Side view of one unit of the metasurface structure

on a silicon substrate.
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Supplementary Figure 2: a, PCA plot of THz data for kanamycin sulfate on metasurface. Three
distinguishable clusters of points are visible, but the lowest two concentration data are not
distinguishable, determining the minimum detectable concentration to be 0.1 ng/L. b, PCA plot
of THz data for kanamycin sulfate on silicon wafer surface. The minimum detectable

concentration is 1 g/L.



