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Abstract

In order to study the effect of introducing defects in waveguide gratings and extend the reference range
of design parameters of silicon-based integrated devices, the effects of introducing defects in symmet-
ric and asymmetric Mie scatterers are simulated and analyzed by finite-difference time-domain
method. The simulation results show that the depth of the groove etch controls the amplitude of reflec-
tion for symmetric Mie scatterers. The greater the depth, the stronger the reflection. When the depth
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reaches 200um, the reflectance is 0.0268, but attention should be paid to avoid the loss of guided wave
mode caused by excessive groove etch depth. For asymmetric Mie scatterers, the transmittance is high,
with a peak value of 0.8561. The effect of groove etching depth is similar to that of symmetric Mie scat-
terers, but the reflection coefficients of r1 and rz on the left and right sides of the defect are different,
and non-reciprocal coupling is introduced. The influence of different structural defects can provide a
design basis for terahertz communication and high-sensitivity sensors.

Keywords

High Resistance Silicon, Waveguide Grating, Scatterer, Defective Structure

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 518

M RE AR 26 0% B T HA AR B IR RE . wI R, SCRr 2 Mt L2 S, M
BTz is TR R AR . AR RS BB [2)-[5], ARSI A EAE AR T
PrbE. feEi il DIFLA BT ek, FBES. FIRESAE R e &, Hhgiy
WFAE T A SRR, HompIREIGE 0. SCRETEAT Y & STFERAC. SRR EINEE, %
DL REFEEE R 1, Wb FIE IR AR [6] R e TF R [7], ARR AR T o J@ I AG A R a8 B 45 A 11 AT
SR, WIS ZVORIRRE, RIAE ARG B S s s R . L, A R AR A 1 S
TER T e et A .

WM BB N2 o B P R i i 2R B A R AR S BOGM R, o fE s
FAALRRES, G S SR AR RIAS AT, EURR E WA B AT RA% 2RI AR R B & 3
HAbE, B 2 T RO, LanREs ] SO [8]. 2T S A 0]. JeMbiE & 45 [10]. BT
B 0 LA i P2 R TG, BR G2 B AE s B3R T, Han ek ik S T sl i, ad sk o R e T 25 g s
DU SR, 0 S A A, ZIPhEREE . RETHUR SR

TG R R SR B 5 R R — A AT FE R N2, — MR S0 e TR R G A R, R AR B B
TIER IR, — M M b i — AN, A PR R 25 A [11], o5 —Fho g b — ANk
Mt R BRI I T — N IS [12], X LeERFE S A R A4 YuE, OSSR T G
JARA, B CASRRE S AR 2 A A R A el e A SR T 000 2 ik g S B e v A T T
PN, 51 N ARK U A (L 0 T B ) R0 6 AR OK QIO (A0 B A = M T R [13], JE i A PR A
1, %% 433 (Finite Difference Time Domain, FDTD)X} y% S M7 A AS 7] 1 BB 45 M BEAT AT L0 0T, 17 ELH
Bty 160 GHz~190 GHz, W [E K AR 82, FKH 78 L ILALZE (PML)IA S5, 32 B8 X BRAIEE
SRR RHU AR 51, A0 AT 1 LBRBA IR FEXT I S . SO 3L 140 A LA AN [) 3 1 P9 328 S 6 A8 40 B afy >k
ff- AN

2. EZIMS LA

A A% 2% 1 (Bragg Condition) & 45 75 Ji WTE SR, NSRS -5 S S5 DR A Sk HE B PR RS 47 AR A I
TR A%, FEE R I 2 PSR S B BURTST TR 10 S I AT S Ve . TR kA
E0R S GRS WAR

DOI: 10.12677/mo0s.2025.145381 155 RS R


https://doi.org/10.12677/mos.2025.145381
http://creativecommons.org/licenses/by/4.0/

mA=2ng-A (1)

Ko, m R, AT R KRR b K,y AT 3, 25 e FE WP S R
TSR ISR, A oM, Ak i R D 2 56 A S 25 0 A L0 A X N7 R B
SSOAA R I SR IR 29 2 HOREM A, B SRR FAIOL B, T A KT Aok B % DL
SEAR N B B B T 2R 0 A2 R S

B~ B, =27/A (1)

SOMAATHLAR 2P 0 1 A FATIRSE . PP AR S %
B HINE N B R e, TZ RIS L AR, T IS AR B R K Y
A SRS R 1 SR [14], B 56 A, ELRg B O M T BE 51\ 2 RS & BOR BUSR  —Bir et
WAHEPINTT AT, — NS RER, BT, N S5HMR, FRIEZRATH L.
ASSCHITFE I T et A hoks e, Bt RO IR L 08— Bt 2 45, HR4E iAok
pir) AW
A=ng A (3)

i NJF N BT (Transverse Magnetic, TM)REER, 3 SO B 23T 5 3R ng Z0°8 2,71, ARJLHE N
160~190 GHz, JGit/E I By 614.5 pm. - FOUMER A mBHEER R, Frit % ny 24 3.42, FERE w2y 500
um, JEJE h N 340um; BHEENTS, PR 0N 1 GEEA B LR e ], SREEAEZI IR d Sy 200
um, BERE W 122.9 pm, AEZITE A A GRS L R T R AR R 5 A (CRE R R B D =
TR R )R 32 515 S S i (R sl , — B AT A S o5 23 bE oA 0.25, FE I 5 23 LU R R Iml i 2436 B i [15]
et S B A, BT, e S R a x b x ¢ WA 491.57 x 110 x 340 um, JEHHAS
BN 20 4. HeaaE A 1R,

A5R  Port1
(a) FLGIE

NGB Port1

(b) =FmIuRIG

DOI: 10.12677/mo0s.2025.145381 156 5 1 A


https://doi.org/10.12677/mos.2025.145381

TR

w b
(c) Z\phadmm &

i I
(d) BRFEREE
Figure 1. Grating structure diagram
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Figure 2. Rectangular and triangular defect spectral lines
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Figure 3. Influence of different depths on transmission and reflection
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Figure 4. x-0-y electric field cross section distribution of waveguide grating
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