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Abstract

The 2 pm band has great prospects in optical communication, optical sensing and other fields.
With the rapid development of applications, the demand for devices is increasing day by day,
among which the low loss silicon nitride waveguide is attracting more and more attention. In this
paper, the mode cutoff conditions, mode distribution, dispersion characteristics and polarization
characteristics of silicon nitide slot waveguides at 2 pm operating wavelength are systematically
studied by means of finite element method. The results show that the width of the silicon nitride
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slot waveguide, the width of the slot and the height of the waveguide all affect the mode cutoff
condition, the mode distribution, the dispersion characteristics and the polarization characteris-
tics. By optimizing the structure, the highest power confinement factor of the silicon nitride slot
waveguide can reach 16.5%. The dispersion characteristics of the silicon nitride waveguide can be
used for dispersion compensation in 2 pm band, and the polarization characteristics of the silicon
nitride waveguide can be used for polarization beam splitting in 2 pm band. The work in this pa-
per can provide a strong candidate for waveguide devices in 2 um band and establish theoretical
basis for the application of silicon nitride slot waveguides in 2 pm band.
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2 pum B T AT LLAMNI 2 A0 22 [0], bRy AR ' 2 P Al A D30 35 A0 ' 2 A TR A Al ™ f R
FARTR[1] [2]0 2 pm B SHESh KRR 175 FHERM S FR K. BT, TAELE 2 pm BEEBOLE
FEIRHS A EAE RIS T & (3] [4] [5][6], {HSE, 5 1.55 pm JEBUHEL, 2 pm BELDE T4
PRI+ 3k = .

TERZ AR EOR S, ST SR AR SIA I 7 L2, BRI A i B 55
BEMH . MAEEEEBOCTFIIKRE, BTN T L2 S 2 R AR A 23R
SN RSB TERR . E T ORI PR AV BRA I E TR0 A, AR 2 U8R 2 1Tz B ATRERER ot
T2 3 R R (48 4k - #E(SOI, Silicon-on-Insulator)SEH, Hyk 52 NEEMEL, RN E b
AR TR R IR S, S50 RIITS X R, AR T SE IR B g, H Rk T A
FHREZE Bk T RCRIR I e Hoh, BEIREMEL R A BRI AL N i /R R, (R R A &
TELEXUOEF WO B R TR, BRI e IR U N A . AHEE TR T, — 71, B
SIFEHAC, EOCIERME T IMBARS . H—07, BRSO TR, AR
PARIEAL, (R BT A RO, ot B, SBOLARE RN GG, R e TR
A NE ST B o

2R PR R K, BAERE B R e th . M S RO E A AR, A
AR IR S AR ARL, WG SR E A A T AR AN RN, A N TOGIEAE A AR R A A . NI
TH, BACTERE 3 E 2 TAET 1.31 pm BB (7] BB GRS IR 8, BAGTERE I 3 TAESEH T 1.55 pm
W [8]. MLk, MG KIFEIIELA MR PN BRY R, 2 um TAERKIEE ., ARSI
B 75 EEEE, 2 pm BB DG RIEEIT R, (A, FACEERES 3AE 2 pm BB LR
b, ACH 2021 9% E BB 7T /N B BACERE IR T S T Wk 7 SR DI RE[9]. VAT S, B S 7E
2 pm B IR UREYE L O BURR I R i AR AR M 55 i R b 7

AR A RTEBE BT, AR BAEEREN S 2 pm TAERAK T RIBELE % B 0 AhEE
P OBV IR, AN 2 pm 3 B EALRERE D 2 (O T 5 e B B, N EEERM BHE 2 um
BB N IR IRE S .
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Figure 1. Diagram of the silicon nitride slot waveguide
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Figure 2. Variation of the effective refractive index with the slot width of the silicon nitride slot waveguide

B 2. RUEHER SN BITS RREE T E R T

B8 JEHIEFE TR SE X AR 5 TE B0 it Fensgnm, AR g s i 2 Bios, BeihE S
AR EE N 400 nm, A S E A 50 nm BN E] 250 nm, KA 50 nm. FTLAEH, Sl SR
AR, BEAE A G RN, EALRERE S TE BN R Zm N . HAh, BEEE YA 50 nm 35K H]
250 nm, TE faER 1246 B 1 AL RE 5% 56 5 A\ 700 nm 48K 5] 950 nm,  BIAE 5% BE 48 K A# TE B AL
1R SR X I PR AR 2% T8 B3 K

G T EAGHER I 5 o B FOA R S S o sg i, AR AR 3 o, R R R R OR RN
100 nm, FALFERE Y S5 B 400 nm 3 H0F] 1000 nm, KK 100 nm. AW, 4k HALLE S B
B, BEEEACEE Sm ERE N, FEAGERE B S E RS 2. 54k, BEE A 400 nm 3K E
1000 nm, TE #5201 26445 B ) S0Pk Ak 2% %2 FE A 800 nm /N2 550 nm PLR, BV & B 48 KA TE A
TR b SR AT B 1 A Bk 2% B FE IR/

3.2. WS HEE

I A 2 B U A AR R T () SR 2 R R B PR AT v P 0T AR e s T 23 R o) R 1 B s e A
TR R T R v D A R R (s, FOREIE A ] 4 B, ATDUEH, Sl A M S5
AR, BEERETEREM 50 nm BEANE] 100 nm B, AP DA R 73500, HR A R 24K 2R A 100 nm
HEImE] 250 nm B, 8 P R ThEBR 1 R 128k ), X R T A A R T D Ak S N, A3 I R R AE
PiHI5S. DRI, W, N 100 nm 1525 TR IR K T4 4.75%.

B T A0 T 35 5 v PR T AR v Th 2R SR R e, HORARIE LA 5 BTN, AR 5E EEECA 100 nm.
AL, G AR SEOA BT, BEA 35w B 38 n, Al b i Dh2e BRI R 719, 495 5 =i £ A 400 nm
N 1000 nm B, A DR ERBIEF N 4.75%38 M E] 16.5%.

DOI: 10.12677/jsta.2023.112014 131 £

LIRAS TR 5N


https://doi.org/10.12677/jsta.2023.112014

MR %

1.68

1.64
1.60 +
1.56 4

1.52

EERICiE e

1.48

1.44 1

1.40

|- - - - H=600 nm

—-— H=700 nm
- H=800 nm

500 600 700

800 900

BALRESTEREW  (nm)

1000

Figure 3. Variation of the effective refractive index with the height of the silicon nitride slot waveguide
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Figure 4. Variation of the power confinement factor with the slot width of the silicon nitride slot waveguide
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Figure 5. Variation of the power confinement factor with the height of the silicon nitride slot waveguide
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Figure 6. Variation of the power ratio in each region with the width of the silicon nitride strip
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Figure 7. Disperison characteristic of the silicon nitride slot waveguide
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Figure 8. Variation of the effective refractive index for different modes with the structural parameters of the silicon nitride

slot waveguide
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