Journal of Sensor Technology and Application 1%/ 253 R 55, 2025, 13(3), 406-413 Hans X
Published Online May 2025 in Hans. https://www.hanspub.org/journal/jsta
https://doi.org/10.12677/jsta.2025.133040

ETHARENEERIMET R IREE I
53

FRE, hEH, R 2%
KT ARSI S te s, ik K&

Wk H . 20254F3H26H; FAHEM: 20254F5 H12H; & A H: 202545 H21H

m =

N TR, HERERBMIIERS RIS, HILRIF SR IR RSN
BEREE. KR T ET AR T ERRACERE I B IR IR IR E R, STNER
ZER M Fano R AT AR . RASEEET B TR T(HL. FHELMTRE )N
LRI, FHEAFDTDY HitEA RSN AR K EZERS . FARE, TRESERTEALR
SARAERAIA R ST EAER AR, R, X HRESUINIER KOG AR R, K
TR ATCHR IR A AR OL BB TR BURAE LSS, A B EIA AR . B ORISR
WERRF IR T ER RS, ARSI RE T T TR,

E3: 45

ﬁ%ﬁ%iﬁ%gﬁ’ *ﬁ'ﬁl“ﬁﬁv Fano;'iib?ty m%&%%

Research on the Optimization of Resonance
Line Shape of Silicon-Based Micro Ring
Resonators Based on Phase Control

Hongjian Li, Yameng Xu*, Yan Song
Optical Waveguide Laboratory, School of Physics, Changchun University of Science and Technology,

Changchun Jilin

Received: Mar. 26", 2025; accepted: May 12, 2025; published: May 21%, 2025

Abstract
In photonic integrated circuits, the micro ring resonator serves as a pivotal optical component, with
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its resonant characteristics being crucial for applications such as sensing, filtering, and switching. This
paper delves into optimizing the resonant linewidth of silicon-based micro ring resonators through a
phase-tuning approach, enabling adjustable transitions from Lorentzian linewidth to Fano reso-
nance. We utilize the transfer matrix method to analyze the impact of phase cells (circular holes,
elliptical holes, and T-shaped waveguides) on the phase of the micro ring, complemented by FDTD
simulations to assess the phase modulation capabilities of various structures. Our findings reveal
that T-shaped waveguides outperform traditional hole structures in terms of phase modulation. Ad-
ditionally, when comparing the phase control characteristics of strip waveguide micro rings and sub-
wavelength grating micro rings, we observe that subwavelength grating micro rings exhibit weaker
sensitivity to individual phase cells, making effective phase modulation more challenging to achieve.
This study provides theoretical guidance for optimizing the resonant characteristics of micro ring
resonators and offers viable solutions for designing high-performance optical devices.
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Figure 1. Propagation of light in micro ring resonator structure
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Figure 2. Propagation of light in a micro ring resonator structure with added phase elements
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Figure 3. (a) Introduction of different phase transmission spectral lines into micro rings, (b) En-
larged transmission spectral lines

B 3. (a) MIFSIARERLIESTEL, (b) BEHIBLHMAE

DOI: 10.12677/jsta.2025.133040 409 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2025.133040

ot
M
&
48

FEASCHAFE T, EH 7 CRSCE R A AL TG 191 S M RN R RBEAT R L. Wih TR N
75 um, PFFLLE TN 500 nm, FEEAIFY 160 nm, T2 HER RN 220 nm R IEGOAE
RS N TIRFUIA G M AR ZE B FLAR RS BI28 4k, FIF FDTD J7i%, R RIFLARISEIE FLIEAT 710
PR, IXFARAL VS BRI T A [ 25 AR CRE Z s . anlsl 4 Fos, 4T OB IRES 1A
P Z BB FLAR R P B AR EE R R . BRI URIL, ek 3 PR e =S K, 78 TR
KT BEANAH A ZE TR AE AN W ()38 K

2.0
B h=50
® h=100
A h=150 x
1.5 v h=200 . o
€ h=250 A
¢
o 1.0 ® n
S * -
< )4
(]
0.5 4 * ™1
004 =

0 100 200 300 400 500
[ (nm)

Figure 4. Additional phase delay caused by elliptical air holes of different sizes in bus waveguides
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Figure 5. Phase variation with wavelength obtained from elliptical air holes of different apertures
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Figure 6. The influence of phase elements on phase difference in waveguide micro rings. (a) Circular hole; (b) Elliptical hole;
(c) T-shaped waveguide
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Figure 7. The influence of phase elements on phase difference in sub wavelength grating micro rings. (a) Circular hole; (b)
Elliptical hole; (c) T-shaped waveguide
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