(2958124 e 2@

INFRARED AND LASER ENGINEERING

FEBOTHER S KIS R T IRt LR IR B (RRE)

FEE O FH RS HAEM AN BT HFEEF FT BRSO BT

Plasmonic microcavity coupled high extinction ratio polarimetric long wavelength quantum well infrared
photodetectorsInvited

Li Zhifeng, Li Qian, Jing Youliang, Zhou Yuwei, Zhou Jing, Chen Pingping, Zhou Xiaohao, Li Ning, Chen Xiaoshuang, Lu Wei

TELR I View online: https:/doi.org/10.3788/IRLA20211006

LT RIS HAN SO

Articles you may be interested in

GaAs/AlGaAstt FBHIE10.55 o mZLAMET R &
GaAs/AlGaAs QWIP IRFPA for 10.55 . m long wavelength
LLANSHOETRE. 2020, 49(1): 0103008-0103008(6)  https://doi.org/10.3788/IR1L.A202049.0103008

640 x 512 IR K P T BFLLA M- T 2R A8 B il

Study on 640 x 512 polarimetric LWIR QWIP FPA

AN SHOE T RE. 2017, 46(1): 104004-0104004(6) https://doi.org/10.3788/IRLA201746.0104004
JeT iR ZICERBE U AL

Light propagation characteristic of dual defect microcavity of photonic crystal

LTHNSIOE TR, 2017, 46(6): 620004-0620004(7)  https://doi.org/10.3788/IRLA201746.0620004
A B IOTH R A i P RS T LD AN BRI a0 R

Progress of surface plasmon enhanced near—infrared photodetector based on metal/Si Schottky heterojunction

LTHMSHOETAR. 2019, 48(2): 203002-0203002(14)  https:/doi.org/10.3788/IRLA201948.0203002
PR A B B I8t 5 1% 8 )

Modulation of filtering quality factor by polarization in the photonic crystal quantum well

LTHNSGIOE TR, 2017, 46(S1): 115119 https://doi.org/10.3788/IRLA201746.5121002
K LLAMED TS R AR 1) B AR S 55

Experiment of target detection based on long—wave infrared hyperspectral polarization technology

LTS TR, 2017, 46(5): 504005-0504005(7)  https://doi.org/10.3788/IRLA201746.0504005


http://www.irla.cn/article/doi/10.3788/IRLA20211006
http://www.irla.cn/article/doi/10.3788/IRLA202049.0103008
http://www.irla.cn/article/doi/10.3788/IRLA201746.0104004
http://www.irla.cn/article/doi/10.3788/IRLA201746.0620004
http://www.irla.cn/article/doi/10.3788/IRLA201948.0203002
http://www.irla.cn/article/doi/10.3788/IRLA201746.S121002
http://www.irla.cn/article/doi/10.3788/IRLA201746.0504005

%50 5% 14 BRESY & 2021 % 1 A
Vol.50 No.1 Infrared and Laser Engineering Jan. 2021

EFEHTHEBRERKRELNETFHSELILERRN S G5E)
X%, 5 WK RAZ ARG R H BFE AFE F T, RARE OZ
(PEHRFRE AR RYEARI LSRR R ES LB E, Li# 200083)

1 OE: RELIMRIRIRN B A4 K ha 3 A aF oAt B ARG IR 48 A o ) TAT S AR R 4y 22 R,
Bl A7 69 B AR 3R B K Ik 2 SMB ARIE I B 9Bk R AR E R EI BB 10: 1 A&, PR
A& N T2 B 0 5 B LI 0, T F MR E B A EZ P, BT L. T4 A
Z A WL IGAB AT R T R EE B R e e) kA 30 F R RAE X, MRS BTHRE, P AR
WA K AR LS B F BT o B 3KT 09 b3k A9 4, B2 F T st R Ak A0 e AN
HABEFENF BHLAME T T AR GES, AmeBR T Fo-TF 4Rk, ST £ Kkt
13.5 pum R0 % ¥ IR IR E LR T 100 0 1 8945, A4 AR A LR K B &% kb Kok 4o sMa ik
BB @R T 2 A e K2,

XEIR: FRMOT; M KEkash; BTRMRNE; Rk, kK

FESES: TN21S XRAPRESRS: A DOI: 10.3788/IRLA20211006

Plasmonic microcavity coupled high extinction ratio polarimetric long

wavelength quantum well infrared photodetectors(Invited)
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(State Key Laboratory of Infrared Physics, Shanghai Institute of Technical Physics,Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: The long wavelength infrared polarimetric detector can greatly improve the recognition ability of
thermal imaging. Owing to the physical limitation of the diffraction limit, the polarization extinction ratio of the
current micro-grid polarizer-type long wavelength infrared polarimetric detectors can basically only be as high as
about 10 © 1. In this paper, a metal/dielectric/metal plasmonic microcavity structure has been fabricated, with the
infrared detection active layer of the quantum wells being embedded inside the microcavity. Due to the near-field
coupling between the upper grating and bottom reflector metals, a lateral Fabry-Perot resonance was established
in the double-metal region, forming the plasmonic microcavity. Benefited from the mode selection characteristics
of the microcavity and its resonant coupling with the quantum well intersubband transition, the normal incident
light, which cannot be directly absorbed by the intersubband transition of the quantum wells, was coupled into the
plasmonic microcavity, transforming its propagation direction into lateral and being absorbed by the quantum
wells. The mechanism was confirmed by finite element simulation and the microcavity key parameters such as the
grating width and the thicknesses were designed and optimized. Such a structure was applied to the detecting
pixels sized at 27 x 27 um, which was suitable for focal plane arrays. Resulting from the capture and confinement
of the incident photons, the detectivity of the detecting pixels could be promoted by about one order of magnitude
comparing to the un-structured 45° edge facet coupled detector fabricated from the same epitaxy wafer. The

polarization extinction ratio greater than 100 : 1 at about 13.5 um of detecting peak wavelength in the long
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wavelength infrared waveband was achieved, while the peak intensity dependence on the polarizer azimuth angle

fitted Malus law very well. Such a work provides a novel physical foundation and technical route for the

development of high extinction ratio long wavelength infrared polarimetric imaging focal planes.

Key words: plasmonic;  microcavity;

polarization;  extinction ratio
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Fig.1 Basic characteristics of surface plasmons'®: (a) Schematic diagram of surface plasmons at the interface between a metal and a dielectric;

(b) Distribution of the field component of surface plasmons along Z direction; (c) Dispersion curve for a surface plasmon mode
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Fig.2 Schematic diagram of the unit cell of plasmonic microcavity

structure and map of the Z component of the field
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Fig.4 (a) Cross-section view of waveguide; (b) Distribution of the square of electric component along Z direction for the waveguide mode being

reflected at the structure termination, and waveguide mode is excited at Port 1; (c) Modulus of reflection coefficient of the waveguide mode at the

structure termination as a function of wavelength for various metal widths; (d) Phase of reflection coefficient of waveguide mode at the structure

termination as a function of wavelength for various metal widths
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Tab.1 Measured extinction ratio of the four PMC-
QWIP pixels®

Metal grating direction ~Grating symbol Measured extinction ratio
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Fig.11 Peak intensities of the photo response curves of the four pixels vs
polarizer azimuth angles. The dots are experimental result and

the solid lines are fitting results'®

2, 4 M IR GOCEI RS IR 4 AT 5 S B e, &
B B G 4 D I LA

3 4 ¢

SCHURES T MIM 4548 55 B O 0 R R
M, JF B 5 5 7 BFLL A0 A AR DU 25 AR 25 A, A
PMC-QWIPs (141 [i 3R 4 TC U fs AR5 T 1 — 4
. 1325 T2 EEALEL A SR A 2 e PR R, B
JE AV HEAR S A (9 6T RIS IR A 1 AU, AN 2
SR 25 R 0 B A3, SO st T 4 AR O B A
v, FRLEE T TM G TE R & 100 X5 TE J6 T8 R 3
il #5900, 45°, 90°H1 135°fi % 77 ) 15 ¢ 1) Dt 41 T
TG HI R T 100:1, 32 A I 21 81 B 2 i 4 44

IR T STEN | R R E r o LD s L D IVES RE RS
WrE R w W& o RSt — 29 RIGOUIEE, 217
R RO BIEFE 0T 55155 L AT 45 &, A B A T B
— A % 20 B RE 1 B DA P TS A
SCrp R R AR R R R R, 20

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

S 3k

[1] Tyo J, Goldstein D, Chenault D, et al. Review of passive
imaging polarimetry for remote sensing applications [J]. Appl
Optics, 2006, 45(22): 5453-5469.

[2] Hubbs J, Gramer M, Maestas-Jepson D, et al. Measurement of
the radiometric and polarization characteristics of a micro-grid
polarizer infrared focal plane array [C]//Proc of SPIE, 2006,
6295: 62950C.

[3] Li Peng, Kang Guoguo, Vartiainen Ismo, et al. Investigation of
achromatic micro polarizer array for polarization imaging in
visible-infrared band [J]. Optik, 2018, 158: 1427-1435.

[4] Barnes W, Dereux A, Ebbesen T. Surface plasmon subwave-
length optics [J]. Nature, 2003, 424: 824-830.

[5] ChenY, Todorov Y, Askenazi B, et al. Antenna-coupled micro-
cavities for enhanced infrared photo-detection [J]. Applied
Physics Letters, 2014, 104: 031113.

[6] Li Qian, Li Zhifeng, Li Ning, et al. High-polarization-
discriminating infrared detection using a single quantum well
sandwiched in plasmonic micro-cavity [J]. Scientific Reports,
2014, 4: 6332.

[71 Jing Youliang, Li Zhifeng, Li Qian, et al. Pixel-level plasmonic
microcavity infrared photodetector [J]. Scientific Reports, 2016,
6:25849.

[8]  Zhou Yuwei, Li Zhifeng, Zhou Jing, et al. High extinction ratio
super pixel for long wavelength infrared polarization imaging
detection based on plasmonic microcavity quantum well infrared
photodetectors [J]. Scientific Reports, 2018, 8(1): 15070.

[91 Zhao Fangyuan, Zhang Chi, Chang Huiting, et al. Design of
plasmonic perfect absorbers for quantum-well infrared
photodetection [J]. Plasmonics, 2014, 9: 1397-1400.

[10] Dorfmuller J, Vogelgesang R, Weitz R, et al. Fabry-Perot
resonances in one-dimensional plasmonic nanostructures [J].

Nano Letters, 2009, 9: 2372-2377.

20211006-9


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1364/AO.45.005453
https://doi.org/10.1364/AO.45.005453
https://doi.org/10.1016/j.ijleo.2018.01.017
https://doi.org/10.1038/nature01937
https://doi.org/10.1063/1.4862750
https://doi.org/10.1063/1.4862750
https://doi.org/10.1038/srep06332
https://doi.org/10.1038/srep25849
https://doi.org/10.1038/s41598-018-33432-9
https://doi.org/10.1007/s11468-014-9755-7
https://doi.org/10.1021/nl900900r
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1364/AO.45.005453
https://doi.org/10.1364/AO.45.005453
https://doi.org/10.1016/j.ijleo.2018.01.017
https://doi.org/10.1038/nature01937
https://doi.org/10.1063/1.4862750
https://doi.org/10.1063/1.4862750
https://doi.org/10.1038/srep06332
https://doi.org/10.1038/srep25849
https://doi.org/10.1038/s41598-018-33432-9
https://doi.org/10.1007/s11468-014-9755-7
https://doi.org/10.1021/nl900900r
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1364/AO.45.005453
https://doi.org/10.1364/AO.45.005453
https://doi.org/10.1016/j.ijleo.2018.01.017
https://doi.org/10.1038/nature01937
https://doi.org/10.1063/1.4862750
https://doi.org/10.1063/1.4862750
https://doi.org/10.1038/srep06332
https://doi.org/10.1038/srep25849
https://doi.org/10.1038/s41598-018-33432-9
https://doi.org/10.1007/s11468-014-9755-7
https://doi.org/10.1021/nl900900r
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1364/AO.45.005453
https://doi.org/10.1364/AO.45.005453
https://doi.org/10.1016/j.ijleo.2018.01.017
https://doi.org/10.1038/nature01937
https://doi.org/10.1063/1.4862750
https://doi.org/10.1063/1.4862750
https://doi.org/10.1038/srep06332
https://doi.org/10.1038/srep25849
https://doi.org/10.1038/s41598-018-33432-9
https://doi.org/10.1007/s11468-014-9755-7
https://doi.org/10.1021/nl900900r

GROEY 1
%14 www.irla.cn % 50 %

E—EEEN: FEE (1965-), B, BUE ERL B L LR Yy BT T T 205Ny B 5K A
SR WIIE O, AR R WS ] S ESEHOTOE AR S LM R | LA R
B IR AR | ARG S ROEETIE S . HADREEZR A ARSI H “RIFDE
L I £ 1 TS T B9 A S I K i SRR S S5 AT 5 . M 2 5E N 2 — 3K 45 2007 4F
HETH 1 IRBR S — S5 2 2010 4F LT HOAR R W] — S5 20 2014 4R [E 58 [ AP — 558

£ 10 BERMAXAZESXFERARZERAS (AOPC 2021)

https://www.csoe.org.cn/meeting/ AOPC2021/
202146 A 2022 H JLREZRESWHL (CNCC)
EIpHAL: T EDEE T %43 (CSOE). SPIE
A SCRUE:
Topicl: Advanced Laser Materials and Laser Technology / ¥ &I ioEAr kL S50t
Topic2: Advanced Laser Processing and Manufacturing / #0'6 /e 1 il i 526 &
Topic3: Laser Transmission and Communication / 3§ A% i 5 38 15 £ AR
Topic4: Laser Field Control and Beam Control /it 637 8 #28 F 6 s 2 il
Topic5: THz Technology and Applications / K24 F AR
Topic6: Infrared Devices and Infrared Technology / £l ¥4 5 2L AME AR
Topic7: Optoelectronic Devices and Integration / 3t L F- 4 i
Topic8: Nano Photonics / {24t T2
Topic9: Display Technology and Optical Storage / J¢iF /8 5 AR 5 67t
Topic10: Optical Display and Sensing in Augmented, Virtual, and Mixed Reality (AR, VR, MR) /385 | i #l FIlIE 5 2R
52 (AR, VR, MR) H 15 i 7 A A% J
Topicl1: Optical Spectroscopy and Imaging / Y34 5 1 il 5
Topic12: Optical Sensing and Imaging Technology / 3t Hi, #R Ml 5 Wi 1% F; A
Topic13: Novel Optical Design / #6245 11
Topic14: Optics Ultra Precision Manufacturing and Testing / 84 2 S5 T 5 K 0+ AR
Topic15: Quantum Information Technology / & F 15 B4 K
Topic16: Micro-optics and MOEMS / ft2¢ S5 HOEHL L R 40
Topic17: Biomedical Optics / 4= ¥ B T2
Topic18: Atmospheric and Environmental Optics / K3 555 2%
Topic19: Optical Information and Network / Y15 B 15 ™ 2%
Topic20: Space Optics, Telescopes and Instrumentation / BEE4% | 4% [B] Y624 5 (4%
Topic21: Al in Optics and Photonics / A\ T8 RETE 2% 5 OLF2# 0 H

BRIA

2P SPIE 1R H R, BIAZ G o S SO ZEaiAn H 1. 2021 45 3 20 H (5 —%#).
HESCHH B3 M1k https:/b2b.csoe.org.cn/submission/AOPC2021.html

PAL: X, liuyan@csoe.org.cn, 022-58168510; 457577, cai_ff@csoe.org.cn, 022-58168541

20211006-10


https://www.csoe.org.cn/meeting/AOPC2021/
https://b2b.csoe.org.cn/submission/AOPC2021.html

