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1. Simulation setup

In this study, the absorption characteristics of UTWMA were investigated using the 
finite-difference time-domain (FDTD) method, employing periodic boundary 
conditions in both x- and y-directions, and a perfectly matched layer (PML) is set in the 
z-direction for numerical solution. The wave source is set to plane wave. The incident 
wave frequency was set within the range of 0.1 - 10 THz, and the mesh accuracy was 
set to 6, with additional mesh layers added to all GLs to ensure the simulation accuracy. 
The incident wave was incident vertically along the negative z-axis, and two monitors 
were added above the light source and at the bottom of the UTWMA to obtain the 
reflection R(ω) and transmission T(ω), and the absorption A(ω) can be obtained 
according to A(ω) = 1 - R(ω) - T(ω). As the Ag layer effectively prevented the 
downward transmission of the THz wave, the transmitted wave was considered to 
converge to 0, simplifying the absorption expression further to A(ω) = 1 - R(ω).
2. Table S1

Table S1. The range and minimum accuracy of structural parameters of UTWMA.
Parameter Range (µm) Minimum accuracy (µm) 

d1 5.0 ~ 40.0 0.1 µm
d2 8.0 ~ 45.0 0.1 µm
d3 10.0 ~ 55.0 0.1 µm
h1 5.0 ~ 50.0 0.1 µm
h2 1.0 ~ 20.0 0.1 µm 
h3 1.0 ~ 20.0 0.1 µm
h4 1.0 ~ 20.0 0.1 µm
h5 0.5 - 

3. Fig. S1

Fig. S1. Loss function and R2 for the training and test sets with different LRs based on ANN training. 
(a-b) Loss function for the training and test sets. (c-d) R2 for the training and test sets.



4. Fig. S2

Fig. S2. Absorption A(λ), reflection R(λ), and transmission T(λ) spectra obtained by inverse design of 
different algorithm models and comparison of absorption spectra. (a-c) Absorption A(λ), reflection R(λ), 
and transmission T(λ) spectra obtained by LS, KNN, and RF inverse design. (d) Comparison of 
absorption spectra obtained by inverse design of different algorithm models.

5. Table S2

Table S2. Geometric parameters and the predicted average absorptivity of the inverse 
design output of different algorithmic models

Types of algorithms LS KNN RF ANN
d1 (µm) 19.5 13.1 13.0 10.9
d2 (µm) 49.0 44.7 43.9 44.1
d3 (µm) 48.7 49.1 43.9 44.1
h1 (µm) 49.0 48.2 49.9 49.1
h2 (µm) 8.1 7.9 7.9 8.0
h3 (µm) 6.9 13.5 13.6 13.5
h4 (µm) 22.1 8.9 14.4 11.5

Predicted average absorptivity 97.51% 96.08% 96.04% 96.31%
True average absorptivity 95.31% 92.64% 96.21% 96.33%

6. Supplementary formula
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where yi and  represent the true and predicted values of the average absorptivity of  ˆiy

the UTWMA test set, respectively.

7. Fig. S3

Fig. S3. Analysis of the absorbed power of the UTWMA. (a) Schematic representation of the absorbed 
power along the x-z plane under normal TE-polarization incident THz wave. (b-h) The absorbed power 
along the x-z plane under normal TE-polarization incident THz wave at P1, P2, P3, P4, P5, P6, and P7.


