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Fig. S1. Simulated SP spectrum and field distribution of the BSSR array. (A) Simulated SP 

amplitude spectrum of the 8 × 8 unit cells of SRSR under the y-polarization incidence, as 

indicated by the inset and arrow. (B) Corresponding simulated amplitude field (Ez) distribution 

of the excited terahertz SPs of SRSR under the y-polarization incidence at 0.75 THz. The orange 

(3-mm distance to the center along the +y direction) circle in (B) represents the position where 

the spectrum in (A) was extracted. SRSR can only be externally excited by the y-component of 

the incident electric field, resonating also at 0.75 THz. It can be seen that the resonance induced 

SPs are dominantly along the y direction with the resonance being sharper, narrower and weaker 

(comparing to that of BSSR). Meanwhile, the SP intensities at the top and bottom sides of the 

structure are the same. All these features correspond to the newly generated SPs of the combined 

BSSR and SRSR structures (Figs. 2, E and F). 

  



 

 

 

Fig. S2. Simulated Ez and Hx field distributions of the BSSR and BSSR + SRSR. (A and B) 

Simulated Ez- and Hx-field distributions of the single BSSR, respectively. (C and D) Simulated 

Ez- and Hx-field distributions of the single BSSR + SRSR at s = 5 µm and d = –40 µm, 

respectively. All the results are obtained under the x-polarization incidence at 0.75 THz. The 

entire area of the plotted field distributions is 400 × 400 µm2 which is extracted at 0.1 µm above 

the metasurface. As illustrated by Fig. S2A, the SPs is symmetrically excited by BSSR but in 

opposite phase and there are hardly any SPs directly on top of BSSR. Figure S2 (A and B) shows 

that the Ez field is mostly excited at the center of BSSR while the Hx field is mostly excited at the 

ends of BSSR. When put SRSR to the right side of BSSR, both the Ez and Hx field excite SRSR 

in phase which thus generates the y-direction SPs (Figs. S2, C and D). It can also be seen that the 

SP intensity at the SRSR side is strongly suppressed while that at the other side is less affected. 

This can be understood as that the destructive interference effect mainly functions at the SRSR 

side where the coupling happens most strongly. 

  



 

 

 

 

Fig. S3. Simulated spectrum variations with different values of d and s. (A and B) Simulated 

SP amplitude spectra excited to the left and bottom (extracted at the points that are symmetric to 

the blue and orange points in Fig. 2, respectively) sides of the structures with d varying from –40 

to 40 µm and s = 5 µm. (C) Variations of the SP amplitude at 0.75 THz excited to the left and 

bottom sides of the structures with respect to d. (D and E) Simulated SP amplitude spectra 

excited to the left and bottom sides of the structures with s varying from 5 to 45 µm and d = –40 

µm. (F) Variations of the SP amplitude at 0.75 THz excited to the left and bottom sides of the 

structures with respect to s. The SP amplitude spectra in Fig. S3 (A and D) verify that the SP 

intensity at the other side of BSSR is less affected by SRSR compared to that at SRSR side. It 

can be seen that the SP excitation dip among the original peak of BSSR is quite weak. As the 

coupling decreases, the SP intensity at the left side also increases accordingly (Fig. S3, C and F). 

Meanwhile, Figure. S3 (B, C, E, and F) along with Fig. 3 (B, C, E, and F) also demonstrate that 

the excited SPs at the top and bottom sides of the structures are identical.  

  



 

 

 

Fig. S4. Schematics to describe the coupling mechanism using complementary structures. 

(A) Left: the proposed design at d = 40 µm; Middle: structure that formed by flipping SRSR up-

and-down with respect to its own center (the red point in the left figure); Right: the proposed 

design at d = –40 µm. The middle and right figures are actually in mirror symmetry along the y 

direction. Thus, they possess the same behavior in excitation of asymmetric SPs. (B) 

Complementary structures corresponding to those in (A), respectively. It can be seen that BSSR 

corresponds to the bar-shape resonator (BSR), and SRSR corresponds to split-ring resonator 

(SRR). (C) Left: simulated Hz-field distribution of BSR; Middle and Right: schematics of the 

surface current circulating direction before and after the SRR is flipped at d = 40 µm under Hz 

field coupling (as shown in the left figure). (D) Left: simulated Ex-field distribution of BSR; 

Middle and Right: schematics of the surface current circulating direction before and after the 

SRR is flipped at d = 40 µm under Ex field coupling (as shown in the left figure). In (C) and (D), 



the field distributions are plotted at the middle of the structure under normally incident y-

polarized wave in an area of 50 × 100 µm2 at 0.75 THz. The surface current circulating directions 

in the SRRs are plotted at a same moment (i.e. when the +z-direction Hz field is decreasing, 

according to the Lenz’s Law, the inductive surface current is circulating counterclockwise) 

which are indicated by the corresponding black arrows. It can be seen that, before flipping the 

SRR, the magnetic and electric coupling induced surface currents are circulating along the SRR 

out of phase; while, after the SRR is flipped, the induced surface currents are circulating in 

phase. Such analysis using BSR and SRR in a complementary way, indirectly but clearly 

illustrate the specific electric and magnetic coupling effects between the BSSR and SRSR in the 

proposed design. All the schematics are plotted at s = 5 µm. 

  



 

 

 

 

 

Fig. S5. Simulated SP spectrum and field distribution of the BSSR + 2 × SRSR array. (A) 

Simulated SP amplitude spectrum of 8 × 8 unit cells of the structure with two SRSRs located at 

both sides of BSSR at s = 5 µm and d = –40 µm under the x-polarization incidence, as indicated 

by the inset and arrow. (B) The corresponding simulated amplitude field (Ez) distribution of the 

excited terahertz SP under the x-polarization incidence at 0.75 THz. The blue (3-mm distance to 

the center along the +x direction) point represents the position where the spectrum in (A) was 

extracted. The SP amplitude spectrum is similar to that with the single SRSR, but both the left 

and right side SPs are strongly suppressed. Meanwhile, there is no y-direction SPs in this case, 

since the Ez and Hx fields of BSSR are both in π phase differences at its two sides (see Figs. S2, 

A and B), leading to the opposite resonating behavior of the two SRSRs which thus induces the 

disappearance of the y-direction SPs. 

  



 

 

Fig. S6. Simulated SP field distributions and spectra of similar metasurfaces in the infrared 

regime. The geometric parameters used in the simulations are: L = 300 nm, w = 40 nm, l = 130 

nm, g = 50 nm. The metasurfaces contain 5 × 5 unit cells of combination of BSSR and SRSR 

with an interval of 1.33 µm along both the x and y directions on the quartz substrate (εq = 2.07). 

Here, gold with 200-nm thickness is used to constitute the metasurface, whose permittivity is 

determined by the Drude model with plasma frequency ωp = 1.366 × 1016 rad s-1 and damping 

rate γ = 1.2 × 1014 rad s-1. The resonance frequencies of the BSSR and SRSR are designated at 

around 225 THz. The incident wave is x-polarized and normally illuminating on the metasurfaces 

from the substrate side. The entire simulation area is 18 × 18 µm2. (A-C, G, and H) Simulated 

SP amplitude distributions with d = –80, –40, 0 nm while s = 40 nm, and s = 80, 120 nm while d 

= –80 nm at 225 THz, respectively. The insets schematically show the simulated structures. (D-F, 

J, and K) Simulated SP amplitude spectra excited to the right and top (blue and orange points in 



Fig. S6A) sides of the structures, corresponding to (A-C, G, and H), respectively. (I) Simulated 

SP amplitude distribution of the metasurface with two SRSRs at the right side of the BSSR at 

216 THz, the two SRSRs are in mirror symmetry along the y direction with d = –120 nm and s = 

40 nm. The inset schematically shows the simulated structure. (L) Simulated SP amplitude 

spectra excited to the right and top (blue and orange points in Fig. S6A) side of the structure, 

corresponding to (I). The SP field distributions and spectra are extracted at 100 nm above the 

metasurface. It can be seen that the variation trend of the SP excitation is comparable to that in 

the main text (Figs. 3 and 4). We notice that SPs excited to the SRSR side are not as weak as that 

in the main text. To further increase the asymmetric level between the left and right side of the 

BSSR, we place two SRSRs at the right side of BSSR (Fig. S6, I and L), though the SP excitation 

dip (blue curve in Fig. S6L) is red shifted to a lower frequency at 216 THz, the asymmetric result 

becomes much improved. 

  



Supplementary Note S1. Coupled Lorentzian oscillator model: 

The coupling mechanism of the BSSR and SRSR proposed in the main text can be described 

by applying the coupled Lorentzian oscillator model: 
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where x1 and x2 represent the resonance strengths of the bright and dark resonators, respectively; 

γ1 and γ2 are the corresponding damping rates; ω0 = 2π × 0.75 THz is the resonance frequency of 

the bright resonator; δ and κ are the resonance detuning and coupling coefficient between the 

bright and dark resonators, respectively; and g is the geometric parameter representing the 

coupling strength of the bright resonator to the incident field E. Since the intensity of the excited 

SPs is determined by the resonance strength of the bright and dark resonators, we could analyze 

the strength change with respect to κ by solving Eq. S1. As the resonance frequency of both the 

bright and dark resonators is 0.75 THz, δ is thus equal to zero. In this case, the resonance 

amplitudes of the two resonators at 0.75 THz can be expressed as: 

                                                         (S2) 

                                                        (S3) 

where ,  and  represent the Fourier transformed formats of x1, x2 and E, respectively. It 

can be deduced that the resonance amplitude of the bright resonator gradually increases to 

approach that of a single bright resonator as κ decreases, while the resonance amplitude of the 

dark resonator does not change monotonically with κ and a maximum of  can be found when 

0 1 2    . 


