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A. Sample preparation methods

After ion implantation, the as-implanted Si wafers were annealed by millisecond
flash-lamp annealing (FLA). A homogeneous flash-light pulse was provided by the
installed array of Xe-lamps connected in parallel with a reflector behind and a pre-heating
module. Prior to the flash, the as-implanted samples were firstly preheated to a temperature
of 400 °C for 30 s in nitrogen atmosphere. Subsequently, the samples were annealed by
FLA with a fixed pulse duration of 3 ms and an energy density of 58 J/cm?. This
corresponds to a temperature between 1100 and 1300 °C at the sample surface. Further
details of the FLA system employed in our experiments can be found elsewhere [1-3].

The antenna patterning was achieved by electron-beam lithography and reactive ion
etching. Electron beam lithography (Raith e LiNE plus, Raith GmbH) was performed
using an Extra High-voltage Transformer (EHT) at 30 kV. Hydrogen silsesquioxane (HSQ)
resist was spun onto the samples with a thickness of 200 nm. After patterning, the HSQ
resist was developed using a diluted tetramethyl ammonium hydroxide (TMAH)-based
solution at 23 °C for 15 s. The samples were then etched in an inductively coupled plasma
(ICP) reactive-ion-etch system (Facility SI 591, SENTECH Instruments GmbH) using SFg
and CF, gases in a mixed process. A laser end-point detection system was used to stop the
process once the etched depth exceeded the thickness of the entire doped layer (etched
thickness is around 300 nm). Finally, the resist was stripped using hydrogen fluoride (HF)

aqueous solution.

B. Electromagnetic simulations
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FIG. S1. Simulated extinction plotted as a function of wavelength as a function of the antenna length of a
single-arm antenna with the electric field polarization perpendicular to the long antenna axis (a) and parallel
to the long antenna axis (b). (c) Simulated reflection spectra as a function of the arm gap size in an array of
paired-arm antennas (antenna arm length of 2 um) with the electric field polarization parallel to the long

antenna axis.
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FIG. S2. Illustration of the plasmonic hybridization of the dipolar and quadrupolar resonances. The blue set
of nanostructures represent the hybridization in between dipolar resonances; whereas the red set the

quadrupolar resonances.

C. Infrared spectra of the antenna arrays

Figures S3 and S4 show representative reflection spectra for antenna arrays with an
antenna length of / = 2.0 um, a width of w = 0.8 pm, and a gap size g varying from 0.2 pm
to 1 um.
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FIG. S3. Representative reflection spectra for antenna arrays with an antenna length of / = 2.0 um, a width
of w=0.8 um, and a gap size g varying from 0.2 um to 1 um. The spectra are recorded by FTIR spectroscopy
in the mid-infrared range at normal incidence with the electric field polarization direction parallel to the long

antenna axis.
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FIG. S4. Representative reflection spectra for antenna arrays with an antenna length of / = 2.0 um, a width
of w=0.8 um, and a gap size g varying from 0.2 um to 1 um. The spectra are recorded by FTIR spectroscopy

at normal incidence with the electric field polarization direction perpendicular to the long antenna axis.



D. Material properties

Table 1. The electrical properties of FLA-treated Te-hyperdoped Si layers with a peak doping concentration

of 1.5%. The effective carrier concentration and the Hall mobility are measured at room temperature.

Sample ID Tellurium peak Sheet carrier density ~ Electron mobility
Concentration (cm3)  (10%/cm?) (cm?/V-s)
Te-1.5% A 1.5 (%); 1.50 31.73

(in the main text) 7.5 x 1020 ¢m™

Te-1.5% B 1.5 (%); 1.47 34.62
7.5 x10% cm

Te-1.5% C 1.5 (%); 1.61 30.55
7.5 %1020 cm-

Te-1.5% D 1.5 (%); 1.44 35.57
7.5 %1020 cm-
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