
 

Abstract—In this paper, we propose on-chip terahertz domino 

waveguide array structures which can enable the topological effect 

and enhance the robustness of terahertz transmission. Terahertz 

topological effect (include topologically-protected edge states and 

binding states) is excited by constructing kink and antikink 

structures in designed domino waveguide arrays. Furthermore, 

the robustness of topological waveguide arrays is successfully 

demonstrated. The topological transmission effects have been 

experimentally demonstrated using scanning near-field terahertz 

microscopy. Our study provides a new approach to study the 

topological photonic transport of waveguide arrays in the 

terahertz regime and has potential application in terahertz 

integrated circuit. 

 
Index Term—Terahertz, domino plasmons, topological 

photonics, waveguide array 

I. INTRODUCTION 

erahertz (THz) waves are located between microwave and 

infrared waves (0.1 THz - 10 THz) [1-3]. They show some 

unique characteristics such as fingerprint spectrum 

identification [4], nondestructive detection [5], and broadband 

6G communication [6], and thus, have recently paid much more 

attention for both mechanisms and applications. However, most 

THz systems are composed of bulky and discrete components, 

including coupler, beam splitter, waveguides, and lenses [7-12]. 

An on-chip integration platform is required to reduce size of the 

components. This on-chip integration platform is also defined 

as THz integrated circuit (IC) [13-15], which is indispensable 

towards the practical use in various fields. The low-loss 

waveguides on chip are the most fundamental and key 

components for the development of THz ICs. Various 

waveguides on a thin planar platform had been fully discussed, 

such as transmission line [16-18] and silicon photonic crystals 

(PC) [19-21]. THz transmission lines are one-dimensional (1D) 

transmission waveguide and can be easily fabricated by 

conventional electronics and photonics technologies, but they 

suffered from large ohmic loss induced by metals at terahertz 

frequencies. Silicon PC slabs consisting of a two-dimensional 

(2D) lattice of air holes demonstrates the strong 

electromagnetic confinement due to existence of photonic 

bandgap (PBG). Such PC waveguides and silicon waveguides 

using total internal reflections [22-26] can also realize a low-

loss waveguide because the silicon absorption can be managed 

by controlling the doped carrier density. They have several 

advantages: (1) modal fields can be confined into a 

subwavelength-width core; (2) it is proved to be compact, for 

instance, the lateral periodicity of the PC is about 25% of a free-

space wavelength at about 0.3 THz [19]; (3) it is monolithic 

because the entire structure is fabricated from a single silicon 

wafer; (4) it is versatile and can integrate various functions such 

as frequency-division multiplexer [20], antenna array [21], 

topological on chip communication [27], etc. We noticed that 

the THz wave was commonly coupled into PC waveguides by 

hollow metallic waveguide and tapered structure. And PC 

waveguides were measured by using a continuous wave (CW) 

electronic source, which was produced by combining a 

millimeter-wave signal generator & multiplier and showed 

limited bandwidth (for instance, 0.28–0.39 THz range in 

Ref.[19]). To cover wideband frequency range (for instance, 

0.1-1.5THz), double or triple frequency conversion should be 

prepared. Typical tripler conversion efficiency of multiplier is 

low (1.5% for output frequency range 0.5-0.75 THz and 0.1-0.7% 

for output frequency range 1.1-1.6 THz) [28], resulting in low 

output power. Meanwhile, broadband THz TDS system is 

widely used in THz field. Therefore, exploring alternative 

robust THz waveguides in combination with broadband THz 

TDS system is necessary to achieve THz IC with selected 

operation frequency. 

Domino waveguide, which consists of a chain of periodic 

metallic domino-like pieces on top of a metallic surface [29], is 

an excellent candidate for the building of compact THz ICs. 

Domino waveguides have the same features as PC waveguides: 

(1) it carries subwavelength transverse cross section 

localization; (2) it is planar, monolithic and easily manufactured; 

(3) it is versatile for the design of key functional devices with 

small absorption and bend losses [30]. The flexibility and 
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versatility of domino waveguides had already been 

demonstrated through the implementation of a variety of 

functional devices, such as THz coupler [31], switch [32], beam 

splitter [30], wavelength division multiplexing [33] and logic 

gate structure devices [34]. More importantly, the THz wave 

can be coupled into domino waveguides by integrated with 

tapered grating on a single silicon wafer. And domino 

waveguides can be successfully measured by using a THz 

scanning near-field terahertz microscopy with a broadband 

photoconductive emission antenna and a probe [30]. In this 

work, the THz domino waveguides array is fully investigated to 

further expand applications of domino platform. To the best of 

our knowledge, it is the first time that the THz topological 

transport has been implemented on the coupled domino 

waveguides array [29]. First, we analyze the dispersion 

properties of two domino waveguides and the coupling 

properties between two waveguides. Then, we develop the Su-

Schrieffer-Heeger (SSH) model [35-38] for the domino 

waveguides array structure, and derive the Hamiltonian matrix 

by coupling mode theory and the Schrödinger equation. Third, 

by using the domino waveguide array parameters and designing 

the kink and antikink structures [39], we have successfully 

excited the THz topologically-protected edge states and binding 

states and verified the robustness of both topologies by 

introducing structural deviation degree. The topological 

transmission of our domino platform has a significant role in 

both foundation and application. Fundamentally, the domino 

waveguides array provides macroscopic THz platform 

analogues of such important quantum phenomena (the 

topological phases) in the condensed matters without requiring 

special synthetic media with subwavelength controllability. In 

application, our work realized that the topological protection is 

introduced into THz IC, which can enhance the robustness of 

THz signal integrity with defects and disorders, i.e., significant 

features in THz communications [13-15]. 

II. DESIGN OF THZ ONE-DIMENSIONAL TOPOLOGICAL 

PHOTONIC CHIP 

 
Fig. 1. The schematic of implementing THz topologically-

protected edge states in the 1D domino waveguide array. 

The upper left inset is the antikink and kink structures [d 

(d1 and d2) represents the waveguide spacing, κ (κ1 and κ2) 

is the coupling coefficient between the waveguides, and A 

represents the central waveguide of the input energy]. The 

lower right inset is detailed domino waveguide structure, 

where w = 120 μm, p = 100 μm, h = 80 μm, and l = 50 μm. 

We number the waveguide array along the y-axis from 

positive to negative direction as -9…9. 

 

Figure 1 shows a schematic of implementing topological 

effect in THz 1D domino waveguide array. The structure is 

divided into three parts: the excitation region, the energy focus 

region and the energy transmission region. THz spoof surface 

plasmonic polariton (SSPP) [40-44] are excited by the curved 

holes array. The excited domino plasmon is focused through 

periodic-decreasing fan funnel waveguides and finally 

transmitted through the transmission region. The upper left 

inset of Fig. 1 is the design of the antikink and kink structures. 

The single domino waveguide structure is shown in the lower 

right inset of Fig. 1.  

We choose the parameters of the single domino structure as 

w = 120 μm, p = 100 μm, h = 80 μm, and l = 50 μm. The 

eigenmode solver of the commercial software CST Microwave 

Studio is used to analyze the dispersion curves of the odd mode 

(kssppo) and even mode (kssppe) with different waveguide spacing 

d, as shown in Fig. 2(a). Based on the equation ksspp = θ ⁎ π / 

(180 ⁎ p), the values of ksspp were obtained, where θ is variation 

in x direction. Here, the ksspp is equivalent to the propagation 

constant β in the waveguide.  

 
Fig. 2. (a) Dispersion relation of odd and even modes for 

waveguides with varying d. The upper left inset shows the 

normalized electric field distribution of the two modes with 
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d = 60 μm at 0.5 THz. (b) The coupling coefficients κ as a 

function of gap d.  

Within the first Brillouin zone, the ksspp of the domino 

waveguide mode became larger than the light line (black dotted 

line) with increasing frequency, which means that the surface 

with pillars possesses good field confinement ability. For the 

odd mode, the cut-off frequency increases with the increase of 

d. For the even mode, the cut-off frequency decreases with the 

increase of d. The upper left inset of Fig. 2(a) shows the 

normalized electric field distribution of the two modes with d = 

60 μm at 0.5 THz. To obtain the relation between the different 

waveguide spacing d and the coupling coefficients κ, we use the 

supermode theory to analyze. The difference of the propagation 

constants ksspp for two supermodes causes the phase difference. 

When the phase difference reaches π, the energy is coupled 

from one waveguide to another, with its length called Lc. The 

relationship between coupling length Lc and the coupling 

coefficients κ is κLc = π / 2, where κ = (kssppe - kssppo) / 2. We also 

plot the relationship between waveguide spacing d and the 

coupling coefficient κ, as shown in Fig. 2(b). By using the 

supermode theory, it can be found that the coupling coefficient 

decreases with the increasing waveguide spacing. These results 

will be used in the following THz topological domino 

waveguide design. 

 

 
Fig. 3. (a) The schematic of the coupling and focused 

regions. (b-c) The SEM image of the fabricated arc-shaped 

curved hole array excitation region as well as the fan-

shaped coupling region. (d) The simulated electric field 

distribution of (a). (e) Amplitude of the electric field at 0.5 

THz for the output port of coupling region in (a). (f) 

Amplitude at output port of coupling region as a function of 

operation frequency. (g)The electric field distributions at 

0.5 THz corresponding to the single root waveguide. (h) 

Output port amplitude distribution for the single domino 

waveguide. 

 

THz wave is commonly coupled into the PC waveguides 

from the waveguide port by employing the near-field coupling 

techniques [19]. However, such near-field coupling techniques 

can’t be employed into the domino waveguide due to the 

momentum mismatch between free-space THz wave vector and 

domino surface plasmons wave vector. The methods on 

excitation of THz domino surface plasmons that can achieve the 

momentum match are generally based on prism coupling or 

grating coupling [45]. Compared to prism coupling which the 

existence of bulk prism doesn’t benefit to integration, the 

grating coupling with a gradually reduced width next to the 

grating can convert more free-space THz waves to domino 

surface plasmons at the on-chip integration platform without 

any bulk prism usage. 

The excited domino plasmon are coupled to the waveguide 

through a fan funnel consisted of a period-reduced column. 

Both the excited hole arrays and a funnel-shaped array of metal 

columns have the ability to focus the energy on a strong point 

with a subwavelength width. The schematic of the arc-shaped 

curved hole array excitation and the fan-shaped coupling region, 

as well as the scanning electron microscopy (SEM) image 

consisting coupling and focusing regions, as shown in Figure 

3(a-c). The radii of the innermost and outermost layers of the 

curved hole array are 2220 µm and 3820 µm, respectively. The 

width of each hole array is 40 µm, the period along the radial 

direction is 400 µm and the center corner of the curved hole is 

60°. The curved hole arrays are divided into smaller holes by 

metal strips with a spacing of 50 µm and a center angle of 5°. 

The radial period between the arc waveguides is 100 µm, and 

each array width is 50 µm. To evaluate the coupling efficiency 

of the grating coupler, we numerically obtained the output 

electric field amplitude of the waveguide at the end of the 

coupling region at 0.5 THz, as shown in Fig. 3 (d)-(e). The 

coupling efficiency is about 73% at 0.5 THz. We also obtained 

the coupling efficiency of the grating coupler with respect to 

operation frequency, as shown in Fig. 3(f). At broadband 

frequency range 0.3-0.66 THz, the coupling efficiency of the 

grating coupler can achieve larger than 40%. 

To verify the focusing power of this structure, we simulated 

the electric field distribution of a single domino waveguide, as 

shown in Fig. 3(g). The results demonstrate that the electric 

field is well focused on the single domino waveguide, which is 

also clearly proved by the output port amplitude distribution in 

Fig. 3(h) (normalized by input port amplitude at output port of 

coupling region). 

The above result in Fig. 3(h) neglects actual metallic loss in 

simulation. Actually, a thin gold film was coated on the silicon 

wafer. So the ohmic loss of the metal should be taken into 

account. For single domino waveguide (Fig. 4(a)), Figure 4(b) 

shows the propagation length l as a function of operation 

wavelength by considering the ohmic loss of the metal. Here l 

= (2Im(k))-1, where Im (k) is the imaginary part of propagation 

constant of domino surface plasmons. As operation wavelength 

increases from cutoff wavelength (0.47mm), propagation 

length increases and the dispersion curve approaches the light 

line. For λ = 0.6 mm (0.5 THz), h = 0.8p, w = 1.2p, and p = 100 

μm, the propagation length is about 20λ or 12mm when 

amplitude reduces to 0.368 (1/e). The propagation length is 

larger than the size of the chips in this work. The simulated 

power propagation losses of the single straight waveguide is 

only about 0.46 dB/mm. In the following section we gave the 

lossless results by setting metal as perfect electric conductor to 

better exhibit the topological protected edge states. Meanwhile, 
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the transmittance and propagation loss of all the results have 

also been pointed out by considering ohmic loss.  

 
Fig. 4 (a) The schematic of the single domino waveguide 

structure with the following geometrical parameters: the 

period p, the width w, the length l, and the depth h of the 

pillar. (b) Normalized propagation length ( l/λ ) induced by 

ohmic loss as a function of λ (h = 0.8p, w = 1.2p, p = 100 µm). 

 

We also measured the amplitude along the single domino 

waveguide in x direction with the step of 0.2 mm. The 

normalized results with input amplitude are shown in Fig. 5. 

Then we gave an exponential fit for the results to avoid the 

measured amplitude fluctuation. The correlation coefficient R2 

can achieve 0.95685. The amplitude in fitting curve at 1 mm 

position is 0.909. Then the power amplitude is 0.826. So the 

corresponding power propagation loss was about 0.83 dB/mm, 

which is close to the power propagation loss 0.8 dB/mm in Ref. 

[30]. Detailed description about propagation losses of various 

THz waveguides can be found in Supplementary material [46]. 

 
Fig. 5 Amplitude attenuation as a function of propagation 

distance. Blue pillar represents measured results, and the 

solid red line is the exponential fit. 
 

III. THE KINK AND ANTIKINK STRUCTURES 

 

The SSH model is the simplest two band model for 

polyacetylene, and it has a chiral symmetry. Both topological 

trivial phase and topological non-trivial phase are supported in 

this dimer chain. By combining the trivial and non-trivial 

phases together, the topological phase transition interfaces can 

be formed. There are also two different forms of the interface, 

depending on the different way of the combination. When the 

two lattices are connected through a weaker coupling κ1, they 

are called the antikink interface. In contrast, when the two 

lattices are connected by a strong coupling κ2, it is called the 

kink interface, as shown in the upper left inset of Figure 1 (A 

represents the central waveguide and d is the waveguide 

spacing). If the domino plasmon is coupled from the center A 

waveguide, it will match the mode distribution of the 

topologically-protected edge states. Detailed description about 

the SSH model for the domino waveguide dimer chains in one 

dimension can be found in Supplementary material [46]. 

We analyzed the propagation of the domino plasmon in the 

THz domino topologic array by using the coupled-mode theory 

(CMT) in the tight-bound approximation (TBA). Analogous to 

the TBA model, the propagation of domino plasmon can be 

described by [32-33]: 

. 1 1 . 1 1n n n n n n n n ni a a a a
x

     


   


                 (1) 

Where an is the amplitude in the nth domino waveguide (here 

n = −9, −8, . . . ,8, 9, total waveguide number is N = 19), βn is 

the propagation constant of the waveguide. 

The electromagnetic waves propagate can be expressed by 

the Schrödinger equation ( i H
t
 





h ), we can write the 

CMT in the form of Schrodinger-like equation: 

n ni a Ha
x





                              (2) 

Based on equation (1) and equation (2), the Hamiltonian of 

the kink and antikink structures can be written as a matrix form, 

where the subscript 19×19 of the matrix refers to the 19 

waveguides. These matrices are used in the following mode 

diagram analysis. 
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For the antikink structure, we chose d1 = 200 μm and d2 = 60 

μm as the separation distances between waveguides, the 

corresponding coupling coefficients are κ1 = 0.000449 μm-1
 and 
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κ2 = 0.001571 μm-1. For the single domino waveguide, we chose 

propagation constant of β = 0.017 μm-1. For the kink structure, 

we chose d1 = 220 μm and d2 = 90 μm as the separation 

distances between waveguides, the corresponding coupling 

coefficients are κ1 = 0.000413 μm-1 and κ1 = 0.000998 μm-1. By 

calculating the eigenvalues of the equation (3) and (4), we can 

obtain the mode diagram. The transverse propagation constant 

of this topological structure is zero, which implies that the mode 

will remain exponentially localized at the interface.  

For the antikink structure with 19 waveguides, it is clearly 

observed that the band structure has the characteristics of band 

gap separation, and three topological defect modes appear in the 

center of the energy band, as shown in Fig. 6(a), where the 

topological defect modes are framed by boxes. We analyze the 

edge modes formed by these three topological defect modes as 

one central interface mode and two edge waveguides, 

respectively. To verify this, we calculated the band diagram for 

17 waveguides. It can be seen that the center of the energy band 

is only a topological defect mode, and it shows that the two 

previous topological defect modes are indeed formed by the 

edge waveguides, as is shown in Fig. 6(c). For the kink structure 

with 19 waveguides, the topological defect modes are shown in 

the middle of the band diagram, and the trivial defect modes 

(binding modes) shown by the red and green dots, as shown in 

Fig. 6(b). By computing the eigenvector corresponding to 

topological defect modes, the field distribution of the 

topological defect modes of the corresponding color can be 

obtained. For the antikink structure with 19 waveguides, we can 

see that in the three topological defect corresponding field 

distributions, the phenomenon of edge local and central 

symmetry appears, consistent to the characteristics of 

topological edge states, as shown in Fig. 6(d). For the kink 

structure with 19 waveguides, the odd symmetric distribution 

appears for the field corresponding to the topological defect 

mode, For the two modes outside of the topological defect mode, 

the field distribution also shows a local distribution situation, as 

shown in Fig. 6(e). For the antikink structure with 17 

waveguides, the interface mode exhibits a central even 

symmetry, as is shown in Fig. 6(f). The above theoretical 

analysis shows that the structure is topologically protected. 

Detailed description about topological defect modes with 

respect to the number of waveguide array can be found in 

Supplementary material [46]. 

 

 
Fig. 6. (a) Mode diagrams of the topologically-protected 

edge states framed by the box for the antikink structure 

with 19 waveguides, where three different topological defect 

modes appear in the center of the energy band, where β0 

represents the propagation constant of the A center 

waveguide. (b) Mode diagrams with topological defect 

modes and binding modes framed by the boxes for the kink 

structure with 19 waveguides, where the topological defect 

modes appear in the center of the band map, and two trivial 

bound modes appear at both ends of the energy band. (c) 

Mode diagrams with topological defect modes framed by 

the boxes for the antikink structure with 17 waveguides, 

where only one of the topological defect mode appears at the 

center of the band gap. (d-f) Field distributions of the 

topological defect modes and binding modes in Figure (a-c), 

showing different properties. 

 

To validate the transport properties of the kink and antikink 

structures in the THz domino waveguide array, we perform a 

simulation analysis of both structures by using a 3D commercial 

FEM solution (Comsol Multiphysics 5.6). We set the metal-

column as perfect electrical conductors. In the simulation, a 

linearly polarized THz wave with its polarization direction 

parallel to the x-axis is focused from the bottom side of the 

sample to the hole array in the z-direction. The electric field 

distribution at 100 µm on the surface of the sample. The energy 

distribution of the antikink and kink structures observed at 0.5 

THz are shown in Fig. 7(a) and 7(c). For the antikink structure, 

the propagation simulation shows a topological defect that 

propagates in the structure while always being exponentially 

localized around the defect. Due to the energy coupling 

between the adjacent waveguides, a part of the energy is 
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coupled to the upper and lower waveguide, but most of the 

energy is still localized on the central waveguide. The 

amplitude distribution at the output port of the antikink 

structure is shown in Fig. 7(b). It can be seen that most of the 

energy is localized at the central waveguide. The amplitude 

with loss of metal is 0.48, indicating the power propagation loss 

is 0.64 dB/mm. For the kink structure, two binding modes were 

excited, which are located outside the body band of the band 

structure, and both have a strong distribution over the central 

waveguide. Thus, center waveguide input excites both binding 

modes. Meanwhile, due to their different mode constants, the 

THz domino plasmon transmission presents a beating effect. 

The amplitude distribution at the output port of the kink 

structure is shown in Fig. 7(d). Since the electric field fluctuates 

between right to the two subcentral waveguides, most of the 

energy is localized in these two waveguides. The amplitude 

with loss of metal is 0.36/0.32, indicating the power 

propagation loss is 0.89 /0.99 dB/mm. The electric field 

distributions of these two structures correspond exactly to the 

theoretical analysis [Fig. 6(a-b)]. To highlight the topological 

transport behavior of the antikink and kink structures, we 

designed equidistantly spaced (d1 = d2 = 100 μm) waveguide 

structures for contrast. The structure without introducing a 

topology belongs to the defectless structures. It is found that the 

electric field transport throughout the waveguide and presents 

an irregular distribution, as shown in Fig. 7(e). The 

corresponding output port amplitude distribution is shown in 

Fig. 7(f). The amplitude with loss of metal is 0.2, indicating the 

power propagation loss is 1.4 dB/mm. 

 

 
Fig. 7. 3D simulation results at the 0.5 THz frequency. (a) 

The electric field distributions corresponding to the 

antikink structure. (b) The amplitude distribution of the 

output port for the antikink structure. (c) The electric field 

distributions corresponding to the kink structure. (d) The 

amplitude distribution of the output port for the kink 

structure. (e) The electric field distributions corresponding 

to the defectless structure. (f) The amplitude distribution of 

the output port for the defectless structure.  

IV. THE ROBUSTNESS OF THE TOPOLOGICAL STRUCTURE 

a) The antikink structure 

To verify the robustness of the topology, structural deviation 

degree φ is introduced in the waveguide spacing d1. Change d1 

can directly change the coupling coefficients between the 

waveguides. For both structures, we introduce different φ by 

changing d1. For the antikink structure, most energy remains 

confined to the central waveguide when introduced 5% and 10% 

structural deviation degree, which shows good robustness, as is 

shown in Fig. 8(a) and 8(c). When 15% of the φ is introduced, 

most energy is still limited to the central waveguide, although 

the subcentral waveguide also has a partial energy output [Fig. 

8(e)]. The amplitude distribution of the output port 

corresponding to the simulation results under these three 

different φ are shown in Fig. 8(b) and 8(d) and 8(f). For antikink 

structures, it is well robust to structural deviation and fits with 

topological features. The amplitude with loss of metal for φ of 

5%,10%,15% is 0.42, 0.38, 0.32, indicating the power 

propagation loss is 0.75 dB/mm, 0.84 dB/mm, 0.99 dB/mm, 

respectively. The robustness of the antikink structure with 

respect to dimer number N can also be found in Supplementary 

material [46]. 

 

 
Fig. 8. For the antikink structure, the 3D simulation 

results with different structural deviation degree φ are 

introduced at 0.5 THz frequency. (a) The electric field 

distributions under the 5% deviation degree. (b) The 

amplitude distribution of the output for 5% deviation 

degree. (c) The electric field distributions under the 10% 

deviation degree. (d) The amplitude distribution of the 

output port for the 10% deviation degree. (e) The electric 

field distributions under the 15% deviation degree. (f) The 

amplitude distribution of the output port for the 15% 

deviation degree. 

 

b) The kink structure 

For the kink structure, we verify its robustness in the same 

way, as shown in Fig. 9. By introducing different structural 

deviation degree φ on the basis of this structure, we can find 

that the energy still oscillates around the central waveguide 

from the normalized electric field distribution of the simulation, 
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but some of the energy is coupled to other waveguides. From 

the normalized electric field distribution of the output port, it 

can be seen that after the introduction of different structural 

deviation degree φ, the energy distribution in the whole 

waveguide is not obvious, although the sub-central waveguide 

has two higher peaks. It can be found that the robustness 

decreases with the increase of φ. Because in kink structure, only 

two binding modes are excited, which are not in the band gap, 

they do not have good robustness. This is completely consistent 

with the theoretical analysis. The amplitude with loss of metal 

for φ of 5%,10%,15% is 0.3/0.26, 0.28/0.24, 0.22/0.18, 

indicating the power propagation loss is 1.05/1.17 dB/mm, 

1.11/1.24 dB/mm, 1.32/1.49 dB/mm, respectively. 

 

 
Fig. 9. For the kink structure, 3D simulation results with 

different structural deviation degree φ are introduced at 0.5 

THz frequency. (a) The electric field distributions under the 

5% deviation degree. (b) The amplitude distribution of the 

output port for the 5% deviation degree. (c) The electric 

field distributions under the 10% deviation degree. (d) The 

amplitude distribution of the output port for the 10% 

deviation degree. (e) The electric field distributions under 

the 15% deviation degree. (f) The amplitude distribution of 

the output port for the 15% deviation degree. 

 

To demonstrate the robustness of waveguiding by a single 

topological defect in such domino waveguide platform, we give 

the fluctuation for x and y directions for the central waveguide 

and evaluate the performance improved by introducing the 

periodic structures. Firstly, the propagation performance was 

studied by adding the curving central waveguide in the antikink 

structure (Fig. 10 (a)), which means the inter- and intra-dimer 

coupling coefficient is not equal at the interface between red 

dimer chain and blue dimer chain. Simulation result shows that 

the electric field energy is still found in the center waveguide 

without dramatically degrading the signal integrity because the 

structure is still topologically protected, as shown in Fig. 10 (a) 

and (b). Secondly, we gave the fluctuation for x directions for 

the central waveguide, which is achieved by extracting some 

pillars in the central domino waveguide and arrange some 

pillars to randomly deviate from center line. We compared the 

transmission performances of topological waveguide to single-

row domino guide by introducing same defects, as shown in Fig. 

10 (c) and (e). The results show that the THz wave can 

successfully propagate to the end of central waveguide by 

exciting antikink mode (Fig. 10 (d)), while the energy with 

domino plasmonic mode in single row guide is reduced 

significantly, as shown in Fig. 10 (f) and (g). 

 
Fig. 10 (a) Schematic of antikink structure with central 

curving waveguide. (b) The electric field distributions of (a). 

(c) Schematic of the antikink structure by extracting some 

pillars in the central domino waveguide and arrange some 

pillars to randomly deviate from center line. (d) The electric 

field distributions of (c). (e) Schematic of the single domino 

waveguide by introducing same defects as (c). (f) The 

electric field distributions of (e). (g) Amplitude of the 

electric field of the output ports in (b) (d) (f). 

 

All the above results in an unambiguous way proved the 

robustness of the system by a single topological defect in a 

domino waveguide platform. 

V.  EXPERIMENT 

A two-step process is employed to fabricate high-quality 

domino array structure. First, optical lithography and deep 

reactive ion etching techniques are used to obtain the basic 

waveguide structure on a 4-inch silicon wafer, where the 

excitation area is etched into a through-hole. In the second 

process, a 200-nm-thick gold film metallization of the chips is 

then conducted in a gold sputter coater. The thickness of gold is 

selected based on the penetration depth of the THz wave in the 

metal. 
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Fig. 11. Illustration of experimental setup. The upper 

right inset is the experiment process. The lower right inset 

is the SEM image of the energy transmission region. 

 

We experimentally verify this phenomenon by scanning 

near-field terahertz microscopy, which has been used in our lab 

for near field detection of THz functional devices [47-49]. The 

schematic of the system is shown in Fig. 11. The light source is 

a femtosecond fiber laser with a central wavelength of 1560 nm. 

The laser output port is divided into two beams, detection light 

and pump light. The beam used for detection passes through the 

optical fiber and radiates the laser through the frequency 

doubling module to the metal junction of the microprobe. The 

probe is based on GaAs grown at low temperatures. Since the 

laser at the wavelength of 1560 nm cannot excite the carrier in 

GaAs, it is necessary to convert it from 1560 nm to 780 nm. The 

pump light is connected to the photoconductive emission 

antenna through the optical fiber delay line, which is two 

parallel metal wires embedded on the surface of the 

semiconductor substrate material. Then the photoconductive 

emission antenna is exposed to the pump light, producing THz 

radiation. The domino plasmon is generated after the THz wave 

is input the excitation region of the sample. Since the boundary 

surface of the waveguide is an evanescent field, the probe needs 

to be so close to the sample. Then move the probe in the x-y 

direction for point-by-point scanning. The probe sends the 

acquired time-domain signal to the computer by using the 

current signal amplifier and the phase-lock amplifier, then 

obtaining the near-field image by the commercial software 

MATLAB. 

 

 
Fig. 12. Experimental results. (a) Schematic 

representation of the antikink structure. (b) The electric 

field distributions of the boxed sections in Fig (a). (c) 

Schematic representation of the kink structure. (d) The 

electric field distributions of the boxed sections in Fig (c). (e) 

The amplitude distributions at the output port of the 

antikink structure in Fig (b). (f) The amplitude distributions 

at the output port of the kink structure in Fig (d). All the 

propagation length is 3 mm. 

 

We placed the sample vertically on the sample holder and 

used the CCD camera to observe the distance between the probe 

and the sample. We controlled the distance about 100 µm 

between the probe and the sample. The probe is mounted on a 

two-dimensional translation detector and moved in the x-

directions in 100 µm steps and y-directions in 30 µm steps [48]. 

For the actual scanning region of our system, we chose a range 

of 3×1 mm for scanning. For the antikink structure, the scan 

range is shown in the boxed area of Fig. 12(a). The scan results 

indicate that the energy is mostly concentrated in the central 

waveguide. When transmitting about a third of the distance, the 

energy moves to the upper and lower waveguide. Despite the 

energy transition to the upper and lower waveguide, it returns 

to the central waveguide when transmitting two-thirds of the 

distance, as shown in Fig. 12(b). This transmission mode is 

achieved because the energy is input from the waveguide at the 

center of the interface, which successfully matches the 

topological defect mode. The topological defect mode is 

topologically protected, thus enabling robust transmission at the 

center. 

To more precisely observe the amplitude distribution at the 

output port of the antikink structure, we plotted the amplitude 

distribution of the input and output ports of the waveguide 

arrays, as shown in Fig. 12(e). Here we normalized input THz 

wave instead of output THz wave. The power propagation loss 

of the antikink structure is 0.91 dB/mm. It can be found that a 

significant peak appears at the central position, while the energy 

distribution at other positions is significantly low. The 

experimental results are perfectly consistent with the simulated 

results. 

For the kink structure, the scan range is shown in the boxed 

in Fig. 12(c). The scan results indicate that no energy is 

distributed at the central waveguide when the energy fluctuates 

to the upper and lower waveguide, as shown in Fig. 12(d). In 

our experiments, the energy oscillates three times and outputs 

at the port in the form of oscillation. Through the above 

topological analysis, the energy of the subcentral waveguide 

belongs to the two binding modes in the band diagram. They 

are located outside the body band of the band structure. Thus, a 

single waveguide input at the center will excite both binding 

modes simultaneously, and the electric field transport presents 

a beat effect due to their different mode constants. 

To precisely observe the amplitude distribution at the output 

port of the kink structure, we also plotted the amplitude 

distribution of the input and output ports of the waveguide 

arrays, as shown in Fig. 12(f), the power propagation loss of the 

kink structure is 1.93 dB/mm (left peak) and 2.31 dB/mm (right 

peak). Two distinct peaks can be found approximately 0.4 mm 

away from the central waveguide. The position where the 

central waveguide is located has a very low energy. The 

experimental results are perfectly consistent with the simulated 
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results. 

 
Fig.13 Measured amplitude of the electric field at the output 

ports of (a) the antikink structure and (b) the kink structure by 

extracting corresponding frequency. 

 

We also analyzed the amplitude of the electric field at the 

output port of the antikink and kink structures when 

propagation length is 3mm by extracting corresponding 

frequency. The results are shown in Fig. 13. The dynamic range 

of output amplitude is beyond 0.2-0.73 for antikink structure 

and 0.2-0.52 for kink structure. The operation bandwidth of the 

antikink structure is about 150 GHz (0.43-0.58 THz) in the 

dynamic range and the operation bandwidth of the kink 

structure is about 160 GHz (0.42-0.58 THz), as shown in Fig. 

13 (a) and (b), respectively. 

 

VI. CONCLUSION 

In summary, we realized the THz topologically-protected 

edge states and binding states by constructing both the kink and 

antikink structures in the THz domino waveguides array. We 

analyzed the dispersion and coupling properties of waveguides 

by supermode theory. Through theoretical analysis, the THz 

topological defect mode appears at the center of the energy band, 

and the central transmission of the topological defect mode in 

the waveguide array is also observed from the simulation results. 

To verify the robustness of this topology, we perform a 

simulation analysis by introducing different structural deviation 

degree, which show that the antikink structures are competent 

to against the structural deviation. Experimental results verified 

such topological phase features. Our work introduces 

topological photonics into THz spectral with domino 

waveguides array platform. On one side, this platform and its 

near field measurements can easily demonstrate many quantum 

phenomena which are found firstly in the condensed matters. 

On the other side, THz signals manipulated in circuits maintain 

much more integrity and robustness with fabrication imperfect, 

sample defects or period disorders by introducing topological 

protection state. 
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was appointed as a council member of the China Instrument and Control 
Society. In 2014, he won the title of “excellent academic leaders of 
Shanghai”, and was appointed as a council member of the China Optical 
Engineering Society and a member of the China Youth Scientist and 
Technician Association. In 2016, he was selected as “Shanghai leading 
talent” and “Young Yangtze Scholar”. In 2017, he was awarded the 
“Outstanding Youth Foundation” by the “National Natural Science 
Foundation of China”, and selected into “The national key talent project”. 
In 2018, he was recognized as a “Youth Science and technology 
innovation leader” by the “Ministry of Science and Technology of China”, 
and received the special State Council allowance. Furthermore, he also 
won the first prize of Shanghai Teaching Achievement Award. He is 
currently the director of the Terahertz Spectral and Imaging Technology 
National Cooperative Innovation Center, the Terahertz Precision 
Biomedical Technology Overseas Expertise Introduction Center for 
Discipline Innovation, the Terahertz Technology Innovation International 
Joint Laboratory at University of Shanghai for Science and Technology 
and Lomonosov Moscow State University. 

 

 
Songlin Zhuang graduated from Physics 
Department of Fudan University in 1962. 
From 1962 to 1979, he worked in Shanghai 
Institute of Optical Instruments. In 1979, he 
went to Michigan State University (USA) for 
visiting research, and in 1982 he obtained his 
doctorate in the Department of Electronic 
Engineering of Pennsylvania State University 
(USA). In 1983, he returned to Shanghai 
Institute of Optical Instruments as director 
and senior engineer. From 1988 to 1992, he 

served as director and researcher of Shanghai Institute of Laser 
Technology. Since 1995, he has been the president of School of OptIcal-
Electronic and Computer Engineering, University of Shanghai for 
Science and Technology.  

He has won many ministerial level science and technology progress 
awards and many honorary awards. More than 100 kinds of optical 
systems and instruments have been designed. He is the first researcher 
to carry out optical system CAD in China. He presided over and 
completed the largest optical instrument design software system in 
China, and made original achievements in the optimization method of 
statistical test total extreme value and the nonlinear model of tolerance. 
In the field of optical image psychophysics experiment, he has carried 
out the first work in China. He has made a comprehensive and 
systematic research on incoherent optical information processing and 
rainbow holography, and is known as "one of the main contributors of 
modern white light information processing". A variety of optical methods 
have been proposed in the study of phase recovery of complex objects, 
which has opened up a new research direction in this field. The CdSe 
liquid crystal light valve has reached the international advanced level at 
that time. Outstanding achievements have been made in super-
resolution optical imaging, grating diffraction vector mode theory, high-
speed optical multi-channel mode / number transformation, 
transformation optics and artificial medium materials. Over the years, he 
has personally supervised more than 20 master's and doctoral students. 
The graduates have made a lot of contributions in the field of optical 
engineering at home and abroad. One of his students' doctoral 
dissertation was selected as the National 100 Excellent Doctoral 
Dissertations in 2009. The course of optical information technology that 
he taught has won the National Excellent Course in 2008. 
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