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Supplementary Materials Information S1. Effect of structural parameters of the pro-
posed multi-functional nanostructure on the absorptivity

In order to study and design such nanostructures more comprehensively, we make
a further discussion on the effect of its structural parameters on the absorptivity of
nanostructure. The absorption spectra of the proposed device at different slit width and
layer thickness are shown in the Figures S1 and S2.
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Figure S1. Effect of structural parameters of the proposed nanostructure on the absorptivity at
the four-layer structure. (a) Variation of the thickness of the nanogap ALO; layer. (b) Variation of

slit width.

The simulation results show that when the device is in a four-layer structure, the
variation of the thickness of the nanogap AL:Os layer has a significant effect on the absorp-
tivity, while the variation of the thickness of the Au layer has little effect. This is because
the nanogap resonance occurs mainly in the Al2Os layer, and the strength of the resonance
leads to a significant change in the absorptivity. So, we analyzed the results brought by
the variation of the thickness of the Al2Os layer. From Figure Sla, it can be seen that
when the thickness of Al20s layer changes from 10 nm to 30 nm, both absorption peaks
will be blue-shifted and the maximum value of the absorptivity will also change. In addi-
tion, Figure S1b shows the effect of the width of the slit in the top layer on the absorptivity.
We can clearly find that if the period is constant, the absorption peaks gradually blueshift
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as the slit becomes wider and wider. At the width of 0.5 um, only one absorption peak is
left in the absorption spectrum. It is due to the localized surface plasmon resonance
(LSPR) and magnetic resonance (MR) mainly concentrated in the top Au array, changing
the slit width ofthe Au array will directly affect the resonance intensity and thus cause the

change of absorptivity.
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Figure S2. Effect of structural parameters of the proposed nanostructure on the absorptivity at the
five-layer structure.(a) Variation of the thickness of the nanogap ALO; layer. (b) Variation of the

thickness of the GST layer. (c) Variation of slit width.

Similarly, the variation of the thickness of the nanogap Al:Os layer still has a signifi-
cant effect on the absorptivity at the five-layer structure. As shown in Figure S2a, the in-
crease of thenanogap layer thickness leads to the blue-shift of the absorption peak both at
aGST and at cGST. We find that the best LIDAR stealth can be achieved only at a thickness
of 10 nm, whenthe absorption peak of LWIR is just at 10.6 um. At this point, the strong
absorption from the resonance allows the device to achieve multifunctional applications.
In addition, we discuss the results brought by the thickness variation of the newly added
GST layer. In Figure S2b, it can be clearly found that the GST thickness changes from 40
nm to 60 nm, but the absorptivity changes very little. This is consistent with our theoret-
ical analysis, because the intensity of the main resonance generated is not determined by
the GST layer. Instead, the main role of the GST is to use the difference of the dielectric
constant to make the resonant frequency and loss change before and after the phase tran-
sition, thus affecting the resonant wavelength. Finally, we similarly discuss the effect of
the width of the slit in the top layer structure on the absorptivity. From the results shown
in Figure S2c, we can know that the best result of infrared detection and radiative cooling
function can be achieved when we choose a slit width of 0.1 pm.
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Supplementary Materials Information S2 Description of fabrication steps

Due to the wide application of nanostructure design [1,2], electron beam lithography
(EBL) has attracted more and more attention, and it may be used to fabricate spectral sen-
sors [3], matefilms [4] and various nanostructures [5-7]. Zhu et al. fabricated the super-
surface withdouble layer structure by utilizing resonant laser printing of structural colors,
and its period size is 200nm [8]. And Zhang et al. design one-dimensional doping-struc-
ture photonic crystals to realize compatible stealth, which contain twelve film layers and
complex doping [9]. Compare with the above nanostructure fabrication, the proposed de-
sign has larger periodsizes, simpler top-level structure and fewer film layers, which will
be more feasible to fabrication. We refer to the lithography and reactive ion etching (RIE)
processing, as well as the deposition technology of film layers and experimental fabrica-
tion of optical devices [10]. To make the process clearer, we give the concise processing
steps, as shown in Figure S3.
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Figure S3. Fabrication schematic of the proposed multi-functional device. (a) Deposition of 100 nm
thick Si layers via @ magnetron sputtering tool. (b—e) the Au film (50 nm), the GST film (50 nm), the
Al203 film (10 nm) and the Au top-layer film (50 nm) are successively added on the top of the
underlying structure by magnetron sputtering. (f) Spin-coating of a thick photoresist layer on the
Au layers. (g) Fabrication of the photoresist top-layer structure by photolithograph. (h) Etching to
transfer the top-layer structure from the photoresist layer to the Au layer. (i) Cleaningand removing
the residual photoresist arrays.

The proposed multi-functional device is fabricated in four steps: First, the Si layers
with a thickness of 100 nm is deposited on the substrate via a magnetron sputtering tool
in Figure S3a. Then, as shown in Figure S3b—e, the Au film, the GST film, the Al2Os film
and the Au top-layer film are successively added on the top of the underlying structure
by magnetron sputtering. Besides, Figure S3f-h illustrate fabrication of the photoresist
layers and etching to transfer the top-layer structure from the photoresist layer to the Au
layer. Finally, an acetone solution is used to remove and clean the residual photoresist
fractal structure as shown in Figure S3i.
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