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Electronic Supplementary Information S1, Raman spectra of VACNT and graphene

The Raman spectra of VACNT on the Si and flexible PET/Cu/PDMS substrates are shown in Figure
S1(a), clearly showing the D (1350 cm™) and G (1570 cm™) bands associated with the defect of the
graphite sheet,™2 and the carbon SP? structure that reflects the symmetry and degree of crystallinity,
respectively. Furthermore, a lower Ip/lg ratio was obtained on the flexible substrate, which is
attributed to the less amount of amorphous carbon on top after the treatment at 500 <C temperature
under a weak oxidation environment during the transfer process®. Figure S1(b) further illustrates the
Raman spectra of graphene on the Si/SiO; substrate. The same characteristic peaks associated with
the D and G bands were identified, as well as the 2D peak (2690 cm™) originated from two-phonon
elastic scattering.
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Fig. S1 Raman Spectra of (a) VACNT on Si and flexible PET/Cu/PDMS substrates; (b) graphene
on the Si/SiOz substrate.

Electronic Supplementary Information S2, CST Simulation setup

The real and imaginary parts of the refractive index of VACNTSs were calculated based on Maxwell-
Garnett theory according to the optical data of graphite®. The results were imported into the
commercial electromagnetic simulation software CST to model the VACNT for numerical
simulations. PDMS was modelled as a dispersive material with a dielectric constant of 2.35 and loss
tangent of 0.05 at 1.0 THz®. The optical properties of graphene layer, i.e., tranmisttance and
reflectance, were calculated using the embedded Macro “Graphene Material for Optical
Applications”, and the chemical potential was set to 0.3 eV.

In CST, the time-domain solver was used to obtain the broadband electromagnetic response of the
absorber. The boundary conditions in x- and y- direction were set to the electric and magnetic walls,
respectively, to mimic an infinite VACNT array, while open boundary was employed in the z-
direction. The waveports were placed 1000 um away from the structure, and the size of meshes were
set to 1/10 wavelength with respect to 3 THz to ensure a high simulation accuracy. After obtaining
the voltage reflection coefficient at the input port (S;,), the power reflectance R = |S;;]? and
power absorptance A = 1 — R can be derived as the power transmittance T = |S,;|?> = 0 due to
the existence of ground Cu layer.



Electronic Supplementary Information S3, Power loss density within stacked layers

In order to identify the contribution of each layer to the overall power absorptance of the proposed
THz absorber, power loss densities were simulated using CST for tyacnt = 50, 100 and 200 um,
respectively, as shown in Figure S2. It can be seen that a majority of energy of energy of the incident
THz wave is absorbed by the VACNT layer. For tyacnt = 50 um, the PDMS substrate and graphene
layer also play an important role in improving the overall power absorptance. As tyacnt increases to
200 um, most energy of the incident THz waves can be absorbed by the top VACNT layer, as
evidenced by a lower power loss density in the PDMS substrate. This agrees well with simulated
and measured power absorptance shown in Figure 5c and Figure 5d.
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Fig. S2 Simulated power loss density for the proposed THz absorber with tyacnt = 50, 100 and 200
um, respectively.

Electronic Supplementary Information S4, Schematic illustration of the absorber in
bending state
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Fig. S3 Schematic illustration of the absorber in bending state and reasons for improved power
absorptance. (a) Increased sparseness. (b) Multiple reflections.
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