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Fig. 1. Diagram of the tunable reflector assisted MRR filter (SLR, Sagnac loop reflector; PS, phase shifter; MMI, multi-mode inter-

ference).

084208-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 72, No. 8 (2023) 084208

IR A BB ORISR L, P IR T
FSR. SLR HUARA X AR MZI BRI JRRE G4, #E
A A TR s S S O B .
il MZT He v — T g AR AV T LA i) B2 ' ) o
TOR S S 2R AHE AR B SR 220 L. T
F AR A X R A 5 5O B8 1 %
43R PS,, PS, Fll PS; #iil, PS, Al PS; 4% 5%
B TEA N R I ME f e B T AR d it 43
IS 5 AP L, SEREMUAE X 5 M0l
BRI ARIANLZEIL I (Apy, Ay, Aps, Ap, Fil
Aps), NSRRI DR A 5 O T U8 B 25

2.2 (LHIEREEE

MRR 7 14 1) 157 £ 45 40 3% 1A R 2 BT 2(a)
fin, W2 FRY=A MZI B A] JE#E 2553 50 K
MZI;, MZI, il MZL;, HA5# WK 2(b) iz, MZI
P28 Ly, MZIL, 5 MZL, AH % 1) Bl &
KBEEHH L, K L, = 20,4+2L,. i AGHH %
Sy B, G MAG R AR UK N By, R TE
MRR H&4, F=A:dimEt (counterclockwise, CCW)
TREE, GBI by I by HEEIEA
SLR Hi&din, Rt (BGEN) SRR o35k by A b,

PR IIE] MRR A, MIRESER (clockwise, CW) &4
1t T E i E RS RN Eoyy 1 Eoue-
AL SRR T 5ol =383, ROk Hks
A MRR, "3 SLR FIXEA MRR, EA&4n& 2(c)
O—BPR.

DB MMI AR R 11 A2
FARE, U MZT A a] AR A 25 004 60 s 3 4y
i By, By SHEANCHHES R By, By WCRN

E, 1 /1 i ellvotde)
En ) %A \Li 1 0 e
L Eq
2 i1 Ei

o —t ik E;
ik ot Ep )° (1)

XL a ROGIE I MZI B RS 28 6045 08 5 8
K7, MZI R FE Ly, = —10 1g(a?), 45 W 4
MMI i AFFERVE K Ly 1908 5 1% Fi 4 RE ;
o HOGIE T IZ B AR (0o = 2rnnegL/ A\,
Nege NI AT BT IR ) A IR AHAR AT
K HIFANIAS L ¢ A k4331 MZT BURT R & 4%
PIHR IR S LEARIEFE G L, W R |62 + k2 =af 1Y
KR, EHRFEMIAEENT, [{>+K?> =1, RN

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Through 1,’ '(b'_

bo
—_— e
- ->J

Ap
Eo1
MMI PS MMI

Lo

MZI tunable coupler

K2 (a) WYE AT ESE B MRR 4L 4500 ; (b) MZI BT JHHE & 245005 () JETEE (a) WP A4 1055 30k 2
Fig. 2. (a) Simplified diagram of a tunable reflector assisted MRR filter; (b) diagram of an optical tunable coupler based on the MZI
structure; (c) equivalent paths of optical transmission in panel (a).
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Fig. 3. Diagram of reflective-type asymmetric MZI filters: (a) MZI, is in tunable state and MZI, is in cross state; (b) MZI; is in

cross state and MZI, is in tunable state; (c¢) schematic of the equivalent reflective-type asymmetric MZI.
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Fig. 5. (a) Diagram of a reflective-type all-pass MMR filter and equivalent structure; (b) notch response of the Outl port when the
reflector is in transmission state (¢ = [0.64, 1.00, 0, 0, 0]xx); (c) notch response of the Out2 port when the reflector is in reflection

state (¢ = [0.64, 1.00, 0.50, 0, 0] xx); (d) spectrum tuning and corresponding phase change.
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Fig. 6. (a) Diagram of a self-interference MMR filter and equivalent structure; (b) band-stop response of the Outl port and band-
pass response of the Out2 port (¥ = [0.78, 0.45, 0, 0, 0] xn); (c) band-pass response of the Outl port and band-stop response of the
Out2 port (@ = [0.27, 0.27, 0, 0, 0]xx); (d) spectrum of EIT and EIA (& = [0.55, 0.55, 0, 0, 0]xx); (e) spectrum tuning of EIT and
EIA (bandwidth and ER); (f) spectrum tuning and corresponding phase change.
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Fig. 7. (a) Structure of a semi-transparent and semi-reflective self-interference MMR filter; (b) band-stop response with doubled
FSR (@ = [0.83, 0.38, 0.25, 0, 0]xx); (c) spectrum of Fano resonance (¢ = [0.65, 0.92, 0.25, 0, 0]x=); (d) spectrum tuning and

corresponding phase change.
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Abstract

To meet the demands for various applications in optical filtering and microwave signal processing,
integrated silicon photonic filters are required to be multifunctional, reconfigurable and tunable. In this work,
an integrated multi-functional optical filter is proposed, which is designed based on a tunable Sagnac loop
reflector and a microring resonator. The through port and drop port of an add-drop microring resonator are
connected with the two ports of a tunable reflector. By controlling the thermal phase shifters in different
scenarios, the device can be reconfigured into a reflective-type asymmetric Mach-Zehnder interferometer filter, a
reflective-type all-pass microring resonator filter and self-interference microring resonator filters. An analytical
model is established based on the transfer matrix. The simulation results show that the device can achieve the
following functions: sinusoidal spectral filtering with four different free spectral ranges, Lorentzian spectral
filtering toggling between band pass and band stop, and spectral reconfigurations of Fano resonance,
electromagnetically induced transparency, and electromagnetically induced absorption. Each spectrum
mentioned above can be tuned fast and widely. Reflection provides a new degree of freedom in design, breaks
through the inherent footprint limit, and achieves a wide range of free spectral ranges. Our proposed tunable
Sagnac loop reflector assisted microring resonator provides a new scheme for realizing flexible, tunable and
multi-functional reconfigurable integrated photonic filters, and has broad applications in the integrated photonic
analog signal processing and microwave photonics.

Keywords: integrated optics, tunable reflector, microring resonator, reconfigurable optical filter
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