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Abstract

In recent years, one-dimensional waveguide arrays have been widely used to study new topologi-
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cal phases and modes. Based on the Su-Schriffer-Heeger (SSH) model, we construct three special
THz silicon ridge waveguide array structures, namely long-spaced, equidistant and short-spaced
waveguide arrays (THz), to stimulate topological zero mode and bound mode, and study the
transmission characteristics of topological zero mode. The simulation results show that the elec-
tric field energy stimulated by the long and short spacing structures can be well confined to the
central interface of the waveguide, rather than spreading to both sides of the boundary of the wa-
veguide array. The transmission efficiency of the three structures is analyzed, and it is found that
the electric field distribution excited by the long-distance structure has good localization, which
satisfies the transmission characteristics of the topological zero mode well. Our research provides
research basis and feasible ideas for realizing robust and stable transmission in THz band.
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Figure 1. SSH model diagram, green dotted line inside a cell. Solid lines and double dashed lines
indicate single and double bond connections respectively
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Figure 2. The band distribution at > 0, § = 0, 6 < 0. The closure and re-opening of the band gap near ¢ = 0 indicates that a
quantum phase transition occurs
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Figure 3. Mode distribution with waveguide number 80 (a) Spectrum of propagation constants for x; > «,. (b) Spectrum of
propagation constants for x; < x, (t =1, Sy =0)

3. S A 0 MERANHER (@) x> o FEEEERIE. O0) o <oFHERERERIEC=1, f=0)

(@) s (b) -

2 L
1t
1t
< o %
(<o R
1F
Il L L _2 L 1 L
0 20 40 60 80 0 20 40 60 80
[T 1k
(c) (d)

0.8 T T T T T T T T T T
I G 1.0} -
| KGNS
[ hpapia2

mr 0.4 F J - 0.8} J
i i
%\3 E 06 .
I 0.0 i 5 4
g g 04
1 | o2} -
T 04 o
00 L l| |l
-0.8 1 1 L N N 0.2F , N 1 L 1
34 36 38 40 42 44 46 0 20 40 60 80
WS WA

Figure 4. When the number of waveguides in the array N = 79 (a) Eigenvalue distribution of short-spaced waveguides (b)
Eigenvalue distribution of long-spaced waveguides, zero mode in the dotted circle (c) corresponding to the eigenvector dis-
tribution of short-spaced waveguides (34th to 46th waveguides) (d) Eigenmode distribution of long-spaced waveguides
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Figure 5. Straight waveguide array design scheme (a) short-spacing scheme; (b) equal-spacing
schemes; (c) Long-spacing schemes
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Figure 6. (a) Input waveguide TE mode; (b) Input waveguide TM mode; (c) Output waveguide TE mode
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Figure 7. Relation between waveguide spacing and coupling coefficient
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Figure 8. Schematic diagram of the waveguide array. Both the waveguide and the base are made of
high-resistance silicon. During simulation, air layers of a certain thickness are added above and be-
low the structure, and THz waves are input through the central port
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Figure 9. Top view of electric field of straight waveguide structure and output electric field of tail port (a) Short-pitch struc-
ture (f, = 0.164 THz) (b) equal-pitch structure (f; = 0.174 THz) (c) Long-pitch structure (f, = 0.18 THz)

& 9. BEFSLEMB AR E R E EBim O i L B 1A (a) 38 Bl R 54 (f, = 0.164 THz) (b)ZFEIREZEM(f; = 0.174 THZ) (o)
[B)RELE#4(f, = 0.18 THz)

] 9(a) N BE S5, TEAR SIS AR Re S AE O ik T 5 AH AR T IBRER , 7E 2546 R Ui B 7 i 5 A HU -
T #h P AR AR 20 BB A A RIS, Ry e & R T b o BB A B . RS 1 L R R
6 R RTINS [ 5 R VA W B w8 1 e B I S S 2 & N5 s T SRy AR e Ak R el e =2 R 5 NP P D A e
FFE SR AME SRR R 77 T IR AR S e £ . 6] 9(b) A S RIFR A5, BT rbCo BiBe o7 B 5 AH <00 3 1B BEAH 45
THz BIRAERETT g L, B G 2 AMUE T  FE5 i R 43 BE B A T 2e 5 o dp T 1) B M 55 9
AL, HA A EAT SR RO BT o B RGR R e AL T OB S AT LS
FAEMRAZE . B () N KIAIEEL ), RAWISRAR AR . THz B RIEAE 0B 34k, e
I FE R e R R AR XS AR E , [RIE DATA] R 77 AR & 22 A8 5 o 78 4 HH i 1 Hh 0 5 2 TR R A 800 5:(31. 37
5. 5 KT HARB T I8N & T o 0 D) E AT RS, O R AR A, g5 R 10
i

TSR AR 254 (Gy = 110 pm, G, = 195 ym)iFAT 0. 4 f, = 0.164 THz i, ReE FE&Eh Tl

AR PO E . HA O SRR LN 44.4%, PIINFRATA B B K A 11.5% 5 10.9%. 45414 9(a)
R AR, RIS R BRI BRI AT, ST g R R R . AR, TR R R
HF R0 ) B S M A e e PR 22, THz e DAY R Ot AR e AR 3 . S5 R) PS5 M & =P 4540 vh i 5 B AR I
—3F, Y f3=0.174 THz B &5 7] E(G3 = 180 pm) 4544 1 0o I FARFIBCR AR 12.2%, 1 S /MU 5 3l ik
F| 25.4%155 29.0%, R AMUS SHRG R, KREIHREEE, SUIES A6 R4S R — .

BEEM KA BE S5 14 (Gy = 210 um,  Gs = 110 um) AT 0 M. 4 f, = 0.18 THz B, i Hi Be &5 A B ik
SR, 5 ESOBER T B . RO A BARRIRCR L) N 48.9%, FMIEE 3. AR T AR A
N 18.6%15 18.9%, T fEAHARIE T (5 2, 2’ M)A B IR T 1.5%, KEH I FFEF3 50 A1 BA R4 =10,
e “CERBA” AR

DOI: 10.12677/mo0s.2024.133364 4017 jé

[

S


https://doi.org/10.12677/mos.2024.133364

ERE &

0.5 —— K

y —— s

o4 —e— JE A
<03

b

AR

@ 0.2 )

0.1

0.0 \- /

4 3 2 4
Figure 10. Transmission efficiency of three structural
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