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This thesis presents the design and simulation of an integrated photonic biosensor
architecture implemented on a Silicon-on-Insulator (SOI) platform and operating around 1550
nm under TE polarization. The sensing mechanism is based on wavelength interrogation, where
variations in the surrounding refractive index induce measurable shifts in the resonance
wavelength. The main contribution of this work is a compact resonant structure formed by a
4x4 Multimode Interference (MMI) coupler combined with a feedback path, effectively
creating a small-loop resonator with a large free spectral range (FSR). This feature enhances
the multiplex-readiness of the sensor for future multi-channel and multi-analyte applications.

Building upon the theoretical foundations of microring resonators, refractive-index-
induced resonance shifts, and the self-imaging principle of MMI devices, a simulation-based
workflow is established using electromagnetic modeling tools. Key performance metrics,
including transmission spectra, resonance positions, sensitivity, and limit of detection (LoD),
are systematically extracted and analyzed.

For the glucose sensing application, simulations of the proposed 4x4 MMI—feedback
structure with a bending radius of R = 5 pm reveal two adjacent resonances within the 1.50—
1.70 pm wavelength range, exhibiting an FSR of approximately 105 nm. Increasing the glucose
concentration from 0% to 0.2% results in resonance shifts of approximately —14.03 nm and
—14.93 nm. With a corresponding refractive-index change of 0.0403 RIU, the extracted
sensitivities are —348.1 nm/RIU and —370.5 nm/RIU, yielding an average sensitivity of about
359.3 nm/RIU. The estimated LoD, based on assumed wavelength-resolution limits of 1 pm
and 10 pm, lies in the range of 10°-10° RIU.

The same analytical framework is extended to the refractive-index-based discrimination
of cancer cell lines. A monotonic relationship between refractive index and resonance shift is
observed, indicating feasibility for cell differentiation. Overall, the results demonstrate that the
proposed 4x4 MMI-feedback resonator offers a compact, flexible, and scalable platform for
both chemical and biological sensing, while also highlighting key trade-offs between FSR
enhancement, bending loss, and resonance accuracy.
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Luan vin trinh bay viéc thiét ké va mo phong mot kién trac cam bién quang tir tich hop
trén nén tang Silicon-on-Insulator (SOI), hoat ddng quanh 1550 nm v&i phan cyc TE. Co ché
cam bién dua trén doc tin hiéu bang dich chuyén budc song (wavelength interrogation), trong
d6 sy thay d6i chiét suat ciia méi truong xung quanh gay ra dich chuyén cé thé do duoc cia
budc song cong hudng. Pong gop chinh cia nghién ctru 1a mot ciu tric cong hudng nho gon
duogc hinh thanh tir b ghép Multimode Interference (MMI) 4x4 két hop véi dudng hoi tiép,
tao nén mot vong cong huong hiéu dung c6 free spectral range (FSR) 16n. Pic diém nay gitip
tang kha ning sin sang multiplex cho cac img dung cam bién da kénh va da myc tiéu trong
tuong lai.

Duya trén nén tang 1y thuyét ctia microring resonator, co ché dich chuyén cong huong do
nhiéu loan chiét suit va nguyén 1y tu tao anh cua MMI, luan van xay dung mdt quy trinh nghlen
ctru dya trén md phong bang cac cong cu dién tir. Cac chi sé hiéu ning quan trong, bao goém
pho truyen qua, vi tri cong huong, dd nhay va gidi han phat hién (LoD), dugc trich XUt va
phan tich mot cach hé thong.

Dbi voi bai toan cam bién ndng do glucose, két qua mod phong cu trac MMI—feedback
4x4 v6i ban kinh udn R = 5 pm cho thay hai cong hudng 1an cén trong dai budc song 1.50—
1.70 um c6 FSR xap xi 105 nm. Khi nong d6 glucose ting tir 0% lén 0.2%, cac cong huéng
dich chuyén vé phia budc séng ngan véi do dich lan luot khoang —14.03 nm va —14.93 nm.
V6i d6 bién thién chiét suat tuong tng 0.0403 RIU, d6 nhay thu duoc lan lugt 1a —348.1
nm/RIU va —370.5 nm/RIU, véi gid tri trung binh khoang 359.3 nm/RIU. Giéi han phat hién
dugc udc lugng theo hai mirc do phan giadi bude song gia dinh 1 pm va 10 pm, cho gié tri trong
khoang 107°—10~° RIU.

Khung phan tich nay ciing dugc md rong cho bai toan phéan biét té bao ung thu dua trén
chiét suat. Két qua cho thdy mdi quan hé don diéu giira chiét sudt miu va dich chuyén budc
song cong huong, chung minh tiém ning ung dung trong nhan dang té bao. Téng hop lai,
nghién ctru cho thiy cau tric MMI—feedback 4x4 1a mdt nén tang nho gon, linh hoat va c6 kha
ning mé rong cho cac img dung cam bién hoa hoc va sinh hoc, dong thoi 1am 16 cac danh doi
gitra viéc tang FSR, suy hao udn va do chinh xac dinh vi cong huong.



