55 41 355 11 AND/ NS Q= o 1 Vol. 41, No. 1
202242 1 J. Infrared Millim. Waves February,2022

XE4HS:1001-9014(2022)01-0040-21 DOI:10. 11972/j. issn. 1001-9014. 2022. 01. 002

e RAR S kA

ARE, WEET, X OB, % OBV, K B, IEE, % £', £ K,
T ¥, BRuN, B L', #HExY”
(1. " ERERE IR AR TS AT 205N E 5 6 S 52873, I 2000835
2. HEBREBE KA, LT 100049)

WE. o ENBETURREFR S AR, EARTHERE AREAN EANEZR 2 HEE
SEhELVEER GBS EE MAETAEFRELS LT HRNAE, N20H L2405 R E —RAEH T HM &0 5 A
FOERKE ZRSWaP HAWR Y AR ENBELTERERLE., TETHANE Z8E 2HX%L
MR RENE R LR EAA LB RH#TRE, LR ERREFREZHA FRELM EH5 S TLE
KEFER, SHEREENRB AR AR B ERET HRE, BREE R B, @t 4 4k 0 57 Y
KBAWEK FE RIRPACERESE, LT F AL ERE HKBOEERERE, AXEH S 4 F a4 5N A
BRER,RERK Wik LR EA T TR AR, NETE IR BT AR M E T TR T SR S 4
RN BT RAE, HETRENS LA OMENBERE T MBS R R,

X B ORasorRBINE; FRELEE; KK Rk, B A

FESES 043 CERERIDED: A

Infrared photodetectors for multidimensional optical information
acquisition

GUO Jia—Xiangl'z, XIE Run—Zhang]* , WANG Peng]* , ZHANG Tao"?, ZHANG Kun', WANG Hai-Lu',
HE Ting', LIQing', WANG Fang', CHEN Xiao-Shuang', LU Wei', HU Wei-Da"*
(1. State Key Laboratory of Infrared Physics, Shanghai Institute of Technical Physics, Chinese Academy of
Sciences, Shanghai 200083, Chinaj;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The infrared photodetector can obtain IR radiation either reflected by or radiated from the target, which is a
unique property and makes infrared photodetectors play an important role in areas such as national defense, communica-
tions, remote sensing, and aerospace along with other advantages, such as strong anti-interference, full-time detection,
long detection range, and high-resolution imaging. The infrared photodetector is undergoing radical development from
the application of the first generation multielement detectors in the 1940s to the striving for the proposal of SWaP’ con-
cepts in the third generation in the late 1990s. Traditional infrared photodetectors, of which the advancement focus on
improving performance indicators such as array size, sensitivity, and resolution, using light intensity information for
imaging, are sluggish to meet future demanding such as recognizing diverse targets, facing environmental complexity,
and dealing with multiform tasks at the same time. Infrared photodetectors for multidimensional optical information ac-
quisition provide new routes to improve the device performance and meet future needs. Infrared photodetector obtains
not only abundant intrinsic information of light besides intensity, such as phase, wavelength, polarization, and momen-
tum, but also external information like optical path. This paper focuses on the multi-dimension infrared detection ex-
tracting information of wavelength, polarization, phase, and the optical path of the targets, which does not only sum-
marize the research progress of infrared photodetectors from the aspects of new principles, new materials, and new
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structures, but also put forward the idea and outlook for the development direction of the multi-dimensional infrared pho-

todetectors.

Key words: infrared photodetector, multidimensional optical information, wavelength, polarization, optical path,
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Fig. 1 Infrared photodetectors for multidimensional optical information acquisition
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Fig. 4 (a) Staggered structure of two-color infrared photodetector, (b) schematic of super-pixel four-color infrared photodetector
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(b) diagram of on-chip plasmonic nanogratings, (¢) OAM

(a) Schematic of semi-ring plasmonic nano-slit,

light with different topological charges is converted to different

SPP waves'*'" *!

7 1 1l £71 3l 2 43 R 4% (Compound Phase—Modulated
Angular Momentum Beam Splitter , Compound PM-
AMBS) fiff ke 13X — ], A5 an1&] 19 (a) iz,
T XA F e f o s AUE M. OAM i
WHREIE Y SPP A K A ATt LA % 495 1) Je ik
A4y 7% = W' R (Localized Cosine—Gauss Beam , LC-
GB)  MRFEEER & 1 AS M B, th T AR #i$b
A7 R RS2 B8 AN [R] , W 4535 (9 LCGB W AN [R] U7 1]
1R S T M BRI . YR R 30
oo B, AR AT O AM (H 41 R T 211 B oA 2) B4 2 1] 1]
FEARTF 1.1 pm,

AT, BT A EE /R ITEME, Fu Feng 55 A 42
TR R A BRI EOGAR I A L anEl 19(b)
FFR %4 e R BT BOUEH 25+, HOGZ i A
JRERE IR AR AR AR | IZ AR [ 0 4 B AT 17 i DTG
55 R 55 BT (SPP)ME& AL RE J7 1) DA #1 4 b H iy
ANTRITITEACAS , P AR CHIDRE SPP A& 2117 , ]
PLS2 BB A 2% & Ot B (Cylindrical Vector Beam,
CVB) B i a7 s FUR AL A A I

Dt 52 T v R A L e LA TR R
BBCRE A A SR AR AT T Iy R A, A
T T R S B S B RE L T AT BR AR G iR
MRS R RAF AR, WE 19 (¢) iR, Yanan Fu
SN TET ol [ B A AR 7 A P 7 9 H
2 52 7 AR T 451 o 1245 T 2 T AL T 1 [T AH
{37 (Detour Phase ) Jii PR 118 2% 11 [R5 bR 245440 , AT
DASE S e a3 s RV AL 2 6] I A, BAT AN W] 40

My 2501 i JE '3 o R T I 72 A B S Y e T AL
LA A R F 384 2 A 3%3 B4, AR 415 B4 41 o i S
FUR AL F AR e £, SC e b e T = RN [ Y
WK, 43 3R 473 nm 532 nm 633 nm, PAEB %
FE1 HAA TG N R . Si Zhang S NG T —
Tofr 4= A Jo 2 THT A - TG 48 oK 't 1 ik 52 e 2 3
OAM . H Jig ffi oh = (Spin Angular Momentum, SAM)
ANPAAF B[R A, A& 19 () PR o s
H1 T s AR A R AR 1, R B s R
A ZA> OAM FI SAM 15 B 14 5] ik 't R 2ok ik 52 JH 245
J5 L ISR T AN ) 4 5 i O AR 1 1 — FR 8 i e Ot
W FR T T AT W N B < A 5 T BE 8 S B
WA A S BT[] I JHL A Y- T 45 g 7118 9 J5E
AIPE R AR AR FEHE S T R B ARy L T

HEC AR TR AR LMot i B AL
JCECE A7 At 5 15 4 55 07 T Y L G A HAS 2 T
JZ WG o AE A% G2 1Y i e S0 AS DN 5 AR i %
STNERY NV NP e N R - €23 AL B W)
TATHE G H I THT 1) /N AR, | e 380k A R AR 3 Y
Je Uy ). HOR RN TR A BT g H/NVL Y
BEA RT (oK) vy me i (CA] WG BN L0810 )
R (>809% ) S50 AL, 2 A s RE G AGHIN oA ok i Jig i)
FEBRZ —

5 RGTNRE

Z AR AL R AR O 15 B A R RE
PR Y 32 28 0 JRR 05 18], AR SCBF X1 40 5 J3E 24 15 R
I e JCE W6 R S 2 PR B T SR A T, DB 254 OB
PLEE BT AR T5 TS IA T AT AR R Z 4R LLAE
PRI 2 1) T, B BAE LR =

1) 150 AL SR 25 1) R o i JR IO 45 45 3 T Ao
B F A RE N BUR M, S B 22 4l B2 A B ARE
AT R B ) T AEA B EAT 2% 1) SRR
AERPRL 2 i 4 6 LRI A, 25 R A% GE iR R0
i O P GO Bl 454, IR o R P e B
A1 9 BE B — AR BB 5 BRI A, S Bl IR
TAEABIAL RS PR KT

2MEGELLAN R BRI 2 A e T 4R A A
ek e . R SR YE , HE S AL BRI &, iR AR
HOC AR e R R E B 2 — o AR SCHEE,
ARG AR , 52 BB B4 s 9 6 A B 2R U 55
FIHIZ 7> TRESE BT BT AL AR 2k, AL LT
RIS AR 73 ' R 8 5 ) 45 98 5 1 2800 ' L R
v, MR RAL G APD T B Y 35 il 18 AR Y



14 FRRAE A5 ZHEL LA R DGR 57

Gold film I=-4
P? I=-6
CPLGbeam'

K19 (a)ZE & AHOLIA ] OAM 23 AR ZR 7 B8 I I SEM IR, A5 18] < S [l sl i A SO R A B o B2 A1 P, (b) 2588 7K A
TR SR AR ER IR, (¢) He T [ 22 % 52 R 2 TRl A2 D6 AT s ) LR PR RSB S 5, (d) 1 s i) Dl 2 g 5
gﬁi_\‘g@ [83, 84,88, 89]

Fig. 19 (a) Left: schematic and SEM image of the phase modulation OAM beam splitter, right: scattered intensity profiles of the
device for incident beams with different angular momentum, (b) schematic of the plasmonic spin-Hall nanograting, (c) schematic

illustration and simulated results for determining the optical singularities by the spin-multiplexed metasurface, (d) schematic for de-

termination of free space optical singularities ™" *- **- %’

Mg P 48 ) A

3) B XL GLER I #4540 K R TR AT A Ak
AR A A AT R o A I, T 45 4 1 K R
Rl B E R 2 — . AR SCPIEIARR, R
fR DAL GELT AN APD 8 I A =5 32 P B R
PRIXE S5 X 0, 1 P SR 5 44 RN 2D/3D 5 it 45 4544 APD
AHARHE H 538 2 1 T2 1 A B OT RUIE 25 F R 15 R
B R TE  H R PRI 5 8 A T R\ K
LR SRR 5 1N T AR5 ) 7 6 T A
DR TEN: , S A5 /N s P Re T & e

2T A I 5 2 A R AL A RS B Ak
B S fas . W 20 iR, B bRk B R Hr e i
ZRIAFAE B AT S IR 22, A AR AR o A1} Py 252
P TR R B AL = A R BE R A, BRTE 5 AN &
A AR LM RIS HE 1 - 35 ) b A T 5 T 4
WL BB T W 2 A R A A B BT L APD
SERG 5 9K R 20 7 1 Jm IR Ry e R
D57 235 1 B AL 7 5 SEUIKG 5 A AR R R 1) S 0 45 4%
S B 2E S S, B A S B AR R N 25 . B
XPHT—AREL MG 25 1 & 8, 3X =N 7 ATy o ek
TR o ML A 5 22075 1T 1) R T L v Jo o

® Anisotropy 2D materials

® Nanowire-compositional gradients
® (QDs-size gradients

® Nanoantennas

Large area
materials

N
Fabrication
of FPA performance

Low symmetry structure

New structures
Structure of sub-mean free path

® Artificial surface microstructure
@ Structures of combining QDs with APD
@ Staircase avalanche photodetector

@ Bulk photovoltaic effect

® Ballistic avalanche effect

® Differential detection technique
® APD based on schottky junction and heterojunction o .

LI

120 HRDR BT TS Y R FUET— AR 1 K
Ji Ji

Fig. 20 Summary of new materials, new structures, new
concepts and development prospects of next generation infra-

red detectors
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