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Numerical Analysis of Multiple Plasmon-Induced Transparency Effects of
Side-Coupled Waveguide with Double Loop-Stub
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Abstract This paper investigates the multiple electromagnetically-induced transparency-like (EIT-like) effects of
the ipsilateral, opposite-side, and antisymmetric double loop-stub (LS) resonator side-coupled waveguides. By the
finite element method, numerical simulation is conducted on the optical transmission properties of the three
waveguides. The results show that the transmission spectrum, magnetic field distribution, and dispersion of the
three waveguides strongly depend on structure parameters. Moreover, this paper puts emphasis on the study of the
influence of the distance between two adjacent stub resonators or the distance between two horizontal branches of
double LS resonators on transmission properties. When the distance decreases, the coupling between two LS
resonators gradually increases, and more transmission peaks and dips (i.e., the stop bands) are observed, which
indicates that the multiple EIT-like effects are significantly enhanced. In addition, in the case of the ipsilateral
waveguide, when the distance between the two stub resonators is zero, the effects of the vertical branch width,
horizontal branch width, and total horizontal branch length on the transmission spectrum are discussed. These side-
coupled metal nanowaveguides have potential applications in future integrated optics, such as filters, sensors, and
slow light devices.
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Fig. 1 Schematic diagram of ipsilateral double LS resonators
M A LS BB 77 A — AN B 1, AN
A E IR B % K 4y 50 298 762 nm Fl 853 nm,
75 G G W (A %) 0 4 24 R 815 nmis X4 A A il LS
Jis B A A A T K o i 2
735 nm Fl 832 nm, i W 0 (H b 1 Pk K A4
779 nm. FEVE(E LS AL, 6P AT LLGE i 7 WA i
AT E AL, T LASEROR T EE AR . M W LS
i H B MR 60 nm B, 7= Az = AN 385 S 08 A1 Y 4> 35
A B2 E PIT RO, w] DL o F10E 45 1 % I
REEEZR, FEUWIE, A 2 4 stub A L™
AN B E Y WLS A WA 4 A4
stub B, 4 4> stub i Z 6] A1 B4R T, 1 dw A 2 A4S
stub i 5 R B8 400 , AH B AR AR 55 . B8 U, 38 9 9
EEAERE N,

1.0

-4 ipsilateral double LS v MIM waveguide structure

= single LS, L, =250 nm

0.8 e single LS, L, =210 nm
g
‘7 0.6
4
=
wn
8041
=

0.2

900 750 800 850 900
Wavelength /nm

2 MIM 5 BRA 1LS Ji o 0 [E) A 1S i i 14 37 S 3
Fig. 2 Transmission spectra of MIM waveguide, single LS

structure, and ipsilateral double LS resonators
T IR X LS A B P AS stub IR E D
X 325 55 1 G A T3 S AR S 3 2 S L A
K3 B, K3 s i) B S i IR B D i
EiEaL. ATLAE R, D A 400 nm J/NF] 200 nm
I OB LS 8 ik I 2 1) A A & 5 AR 58 L 5 — L A
75 55 0 1) 35 S5 A A R IR B A 0B 0 1 5 G R R

o 4 D=100 nm I, 7633 $5% b a] DLA 2] 704
[F) 4325 5 4 48 BT X I 1) 0% K 43 il 249 738,768,
835,853 nm, 1] LA B, BT =1~ 3% 5 4 19 3% 5 %
G U 35 AR 3 S R R 0,026, TE I T
W ] DL B = A 3 SR 0 0 R BT X N Y 35 A 43 il
298 756,791,848 nm, & ¥ F 4 Bl 25 O~ 0.058,
0.518,0.046, BLHF, FIAS LS I 2Z 8] A #8405
CHIMEE PIT 00 (HACR A BB, 5 — 4 Fe
AN S B R AR, 2 D =60 nm B, I
A3 A A5 (H B X5 R 1 U A 43 B 29 SR 734, 770,
837, 857 nm, =A™ 3F I 0 WA BT XoF 1 14 I8 K 43 i) 24
k760, 799, 845 nm, i HF F 4 B £ A 0.309,
0.448,0.354, BEEME D AW/ FIAS LS AR
B RN HG R B S TS A0 U A o S e W
e, 28 PIT AN 3, 4 D =40 nm B, PUA4~
35 AT A AH T X R 0 K A N 2 Sl 728,772, 832,
871 nm, =A™ 7 5t 04 W 1 JIT X6 1 1) 98 4 43 O 29 K
763,805,839 nm, & $ 4 H 29K 0. 619,0.591,
0. 529, B = > 375 S U6 19 375 S SR AR 42 157 . Xy B
FEES D I A LS i 22 ] A & 220 0 1 5, DA
M PIT 2500 728 75 80 > Bk 1 2, 3@ 2o bb Aok —
T 00 K IR AW LS JE AR SF P A stub B8 BE 25 A ek
JINGHIE = AN A B AR AR B L 5 DU AN i G 4
WL, A LS B Z ] 0 A G B 3 5 e I3 B
TS A =0 S 0 ) U S L B —
TS I ST WS LT RS L A = 3B B s A
TOE RS . P LS s 22 [ 0 5 A D S0k J2 L AH 48 1Y
P stub BEATFEG . D B/, AN stub Z I HE A
FEATEN

&l 3(h) 7w [RN X LS 31 #5 4  S- 45 4 76 D
} 400,200,100, 60,40 nm I {7 5 28 8087 X5 0 Y
AR . NI Rl LU Y L A 7 Y A 38R B Y,
PIT WefE 1 171 &) BBl AR 304 B8 1 A A7 28 7% L 3 Ul B AR
CER N & S GIRTAOR B A

K 3(e)~ (D BaRHE D K 60 nm B[ ] %
LS M6 0 S a5 M w3 . B 3(d) . (D,
(h) 43 5 %F B = A4~ 1% 5F 06l 760,799,845 nm Ab (¥
T35 oy 00 50 A L BT LB UL M B B SO 58 38 A
LS 4544, B LS 1 JiE v ok i ax =N IR AL R s
TG e fe 22, PRI XL LS 38 4% s ml Sk AR Sy 98 %
. B 30, Cedy (g (G40 B X B U A 38 B 45 {8
734,770,837,857 nm Kb (1 #E 5 o 1 A, K ILAE
A TUF- TCvE BRI 20 37 55 O6 16 3B SR IL T
53X DU A I A HL U YRR K RE R LS T

1023002-3



—a#— D=400 nm
—e— D=200 nm
A= D=100 nm
—v— D=60 nm

0.8

Q700 750 800 850 900

E 425 £ 10H1/2022 £ 5 B/R¥E¥ER

~10 . . A
700 750 800 850 900
Wavelength /nm

Normalized intensity

-1

P3[R LS MR8 B 454 T iDL B AR . (O BHEL; (WO EMAHE; (0~@OK 3 (1 D=60 nm, K
A3k 734, 760, 770, 799, 837, 845, 857 nm fui Ak YR % 4 B 4 A R
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845, and 857 nm, respectively
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838 nm, respectively
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