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Fig. 1. Major mechanisms and main features of artificial mi-

cro- and nano-structures for long- and very-long-wavelength

infrared detector enhancement.
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Table 1.  Representative work of different enhancement mechanisms in long and very long-wavelength infrared bands.
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Fig. 2. (a) Dispersion relation of SPP and propagation
mode in the dielectric, k;, and k,, are the wave vector along
the a-direction at frequency w; and w, on the SPP disper-
sion curve, respectively; (b) illustration of electric field of
propagation mode in the dielectric along the a-direction at
frequency wy; (¢) illustration of electric field of SPP mode at
frequency wy; (d) illustration of electric field of propagation
mode in dielectric along the az-direction at frequency ws;
(e) illustration of electric field of SPP mode at frequency wy;
(f) schematic of relationship curves of Re[k,] and Im[k].
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Fig. 3. (a) Schematic of graphene infrared detector with a hybrid plasmonic structure!; (b) details of the aperture nanoantennal®!;
(c) schematic of grating structurel!; (d) schematic of nanoantenna and slitP!; (e) schematic of SPP enhanced ultrathin type-II su-
perlattice detector®; (f) top: nBn ultra-thin infrared detectors, bottom: band structure of type-II superlattices®; (g) absorption
spectrums of the detector and the respective material layers in the detector. Inset shows the |H,| distribution of the detector3,
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Fig. 4. (a) Schematic of a pixel with backside-configured plasmonic structure’”; (b) top view of several pixels in the backside-con-
figured plasmonic structure FPAP,

110703-5


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 11 (2022) 110703

2.3 REFHHTILBECKLIIMRN S

& B EEA B LTSN BE DR A R T
W LT A BT 4 T o8 e B AR, 530 SPP 5L
() Je ke o s 55, HAT, AUE A SCEHRGE TR
SPP 3 50 25 F H K P 2T A i i) T4 . 2021 4E,
Li 8 BOL 3 11 T i 24 AN [ A 07 16 4 @ Jr B4 g
“ORE AN B R R HD AT A A, OR 1) SPP SR
8.095 Fl1 14.121 pm KU B, 5548, Zhou & BT
#3171 Ti/Ge/Ti,Ti/Ge/SizN, /Ti FITi/Si/Si0,/Ti
=R A R A, it SPP AL SRk AR
BT S TSR IE A Z R M, 20 S BG £1
A /A TN R B W i i i B A I AT AR
WL, e B LR PR LT AN, D A R BN Ti/Ge/
Si,N,/Ti W AR AE 8—14 pm 38 BBl P W% e 2% i
T 90%, 78 w5 AN P LT A B, X 0 S B 2% R
£ 6.5—13.5 pm yuF NF AR ILEEE 78%. X T
Ti/Si/Si0,/Ti WU, Zhou %5 B7 43 HIAFFE TR
[FZHCT AR ERICR (454 1) SESIOL
VLB (4549 2) 1AL B SR S5 4, anlEl 5(a),
(c) on. D5 EE5 REWIZEM 1 7E 14—30 pm B
W ICR R 92%, 454 2 I 35 8—30 pm.
FTLATI, R ARSI 25 A8 i i FH
K LTAMRI 251 58 IR A A = 85

3 RBEE BT K R R KR A
R 2

eyl A5 B ot (localized surface plasmon,

1.0

G
Z

0.8
0.6
0.4

Absorption

0.2
0

(d) 1.0

0.6
0.4

Absorption

0.2

0.8

LSP) JE AR AL 1 i1 Joy Wi X, A1 o 5E i SRR
LSP 1y &R FFAE 32 B0 T N TR 454 19 )X
L RIAR, DL i an 754 B FA %0548 R R
SR e R BRL A, R TR R G Y SR B
TR, [ G R R IR B A T
—AMKIE 3, R 159K E) i I AR RME S R
I LTI B T LIRS, BT 58 1 UL R I X
SR L.

3.1 RBEESHTEEILEH

Xt T 58 SRR A 42 I sl A B/ NER, AN HH
NS AR B AR R B0 T, RTAI Mie B 1%
F b Tk R HAE LR I BIUR TR A,
Ja/NER A LT i AR 2 SRR P

3€m
E, = Ey, 5
€+ 2em 0 (5)
n(n-p)—p1l
By — B PPl (6)

An eoem T2’

E, Z/NRNER KRB, B, /NSRRI
RKikK, By RAFHBEG I RIGRE, ¢ ZaE/N
BRAYI HL PR, e, AEERIMY LR HLPRER, p A HE
TR, m A A D s BN AR B [ £, Oy
AR T B8 SO0 5 DI AN D] g 4 S A S
RE, BCE TR A0 25 [R] A HAB TN S5 A8 1 15
#L, Mie RIS TCEAT B ff A 23520, i A BR oo
125 A BR 22 00 S BUE SR A TR . LSP 13
RS T )z B TR SO HL BRI 9Ok
Hom | PLEOCTER IR A W LR LSPAL Y Tl

™~ 1

;PSP 22:PSP 22:PSP 4,..SP!
ye:PSP  yz:LSP yz:LSP yz:LSP

Average absorption = 92%

0
6 8 10 12 14 16 18 20 22 24 26 28 30 32

Wavelength /pm

Bl 5 (a), (b) ZH 1R 5 B B IR BT (c), (d) G544 2 i 328 P B HL g i i 71

Fig. 5. (a), (b) Schematic and absorption spectrum of structure 1%7; (c), (d) schematic and absorption spectrum of structure 2/°7.
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Fig. 6. (a) Preparation methodology of the HgSe quantum dot detector with Au plasmonic structures*’); (b) enhancement of differ-

ent plasmonic disk arrays with different radiusi*¥; (c) schematic of graphene-HfO, heterostructure infrared detector!”; (d) absorp-

tion spectrum of the graphene detectors at different Fermi levels when vanadium dioxide is in its insulating phase*; (e) absorption

spectrum of the graphene detectors at different Fermi levels when vanadium dioxide is in its metallic phasel*?.
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Fig. 7. (a) Different coupling behavior of TM and TE polarized light/>
detector®'; (c) photocurrent spectrum of the quantum well detector under different polarization angles®!
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; (b) scanning electron microscopy image of the quantum well
; (d) field intensity distri-

bution of 0.8, 5, and 20 pm when light polarization perpendicular to graphene nanostrips®.
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Fig. 8. (a) Absorption spectra of metals and quantum wells in plasmonic microcavity structures before optimization®; (b) absorp-

tion spectra of metals and quantum wells in plasmonic microcavity structures after optimization’®”; (c) schematic of metal microcavity

quantum well24,
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Fig. 9. (a) Schematic of MIM quantum well detector!®; (b) responsivity spectrum of MIM and standard 45° coupled quantum well
detector!®); (c) experiment value (black) of optical method and the calculated value (red) of change material parameters traditional
method to extend cut-off wavelength®; (d) flow chart of fabrication of MIM microcavity structurel%.
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Fig. 10. (a) Schematic of the HgCdTe photon-trapping structure infrared detector™”; (b) absorption spectrum of mid-wavelength in-
frared HgCdTe plain structure detector and photon-trapping structure detector(™); (c) absorption spectrum of long-wavelength in-
frared HgCdTe plain detector, without dielectric-filled photon-trapping structure detector, and dielectric-filled photon-trapping
structure detector’; (d) schematic of enhanced absorption of HgCdTe detector based on metal thin film horizontal skin propaga-

tion model™®!

enhancement at 7-11 pm['l,

6 A% 50 BE A SMR N

A7 5 R T 2H ) T A B, R AR T
A FAL 5 | AR S A8 AR ARG BTAR AL 53
fi. 2002 4, Bomzon %5 "7 #& 14 1] H] Pancharat-
nam-Berry A7 [ {85624 704k A8 AR [ A R Y
Wiy, B TE 2016 4F, Capasso 55 ) il & 1w ¥
B Fb T1O0, TN S5 F 2H 0 e R 1, A et mT
S EUEFLA IR ESE (100 Nikon CFI60)
FEADL AR S K 0 PR 1) JU 5 ok A R 45 440, A
N R R AR T — A Oy . A
PRGN USRS AR A, O RO
PRGNSR —INGENERR.

6.1 BEEEWITIENH

Eiamﬂi{éiﬁﬁﬁéﬂﬁiﬁﬁzéﬁ%ﬂﬁ%%ﬁ Al
XF A G R AT TR 0 SE B IR e A | 5
REEETIRE. E#%%é}ﬁél%mﬂu S AR

; (e) quantum efficiencies of HgCdTe plain structure and HgCdTe advanced structure with lateral transmission mode

2R 5 ok SR AR I BRI i 1 L e bR B e
HMAHEWE . R TR A R
INTAHEEEAR L RAMIR RGBS, aT LU
BEOREUE G B2 B BORN R IMAI .
BB N E’J?l‘ﬁ{jﬁ?ﬁ (790 3l R 4 T A =X

onf (2,9) ( — Va2 +y? +f2) (11)

A BN BIBOT IR, fRRERKIE, o, y &
BAITES R L B TERG SR SR RE N
E R AR R AR AN IR P, X
PRI g B B ARG 2 5 R RS el E A
RERITHIOCRESE, AT B o PRI A5 A (R I LE . S
B LT NP BUER A0 A SR AR AR, AR —
JBeE B B LAY B SRR B L, e K
e B FAS P LT NI f - 1 [ 51 4 1 F oL
BERXSBAR, I TAERERAR, 75 2R HIE & TR
PRI LT R R T SR AR 25 1. A, H TR %

SRR RSO IR AT R B, fefk

110703-12


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. 71, No. 11 (2022)

110703

PR AR PR B R GE R, ASGE H e —
SE ISR ) RO, 5 XA AR T B
BB OEA RGBT i BEAT B LLR B e A

6.2 BERGMIIEECHELIIMRINZE

R 375 45 235 FA) 3 DR 2T AR 5 DA B 24 AR, E
THAE G LU MG 5 S5 5 T Y 35 U0, H e ]
DL 801 ST 2T Ah-Hh T AR 5193 B — 2 T 1Y
TAE.

T 32 B 34 5 K I 20 MR I 8 0 H Y, Hou
85 B BT T IR MR TC AR RN S I B IR A ) R B R
F R FHFLLAMGEM g v, 28025 A i AR E RN
Kl 11(a) e (BT o0 A A S ) 2R
R f4 300 pm, #8755 H A I0E Y 3 um,
K BN 8 pm &1 Si [RAEA R, B EAEHR 60 um.
7 ANE R B B AR M 0.5—2.5 pm 28 Ak DL B 2
om IR AE Ak, 1] 11(b) BYRUE D5 B 25 S W R 7D
£ 10 pmAb, FRIMEFCHI/NH 26 pm B, FRIEF
SR PR RE 5 A B B LIRS
86%, FH AL T JCHE 2 1 45 K I 1R 0 2% W R Y
19%, BRIMERWIBCRIGSR T 445, BLAME BB oR
Y LLAMARIN A 7E 8—14 pm (191 34 W e 8 v] 35 3|
80%, N 11(c) Fizs.

R BE LA FRRREA RO RS, MR
D28 6 BT BRI P ] B A A AR s IR {H A
AR AR BRI T TS SRR, G I IR
J T WA B L AR R s AT
) RN Sy N DO B ST 9S8 25 N ZA RN T a7

F1RD L 375 T 45 R ) JO T 0 JRE A 2 A R R LA,
N T R E G R AERCR, FE A — RO R
KAPIUAR. W 0 BRI B S A A A MEP-
I FEE R, LRI ) i PR s 2

7 JE R B T KR L ) R
KW E KR LSRN &

BRI T4 2 B LR SR BLRI b, i A7 e T
T3 AN BRAILR BT A TN 25 R 1 A e
FCR LA AR, 5B IR 2 101 2 RO | IR
RO AT EOTE.

7.1 BEREEEHITIGEILS

2011 4F, Garcia-Vidal 55 21 §E A T 75 22 18
SRR 5E L K b, FEERTIR AR, HA
B RS & R R T A5 B oo AL AR H AL, e T
56 L AR P AEAE 4/ LB S Y 5 B S 4.
H1 T 58 36 H SR PO SRR T4 BT, R
W B AR 1Y 58 55 HL AR b 2 T R A AR PR
Ji% 2% T 45 25 40T (spoof surface plasmon, SSP).
HAROCR S 56 6 S b MR s /NLAY L
S G, U/ LM R N T, 4
&l 12(a) FHIE 12(b) Fi7R, A /LIRS ) 58 35
LR R T DGR R I A R0 L. 7R M
FAPLLAMNEBAL, & IR G Rt T 58 3%
HLAAR, BE 7R 4 R TP i 4/ ML 3 —
Ak WA, AT SSP Ry e X ] T i 21 4
TR 5.

(a) Bi-material Photosensitive 100 100
Anchor legs ares . Lhermal (b)
isolation legs rt
\ \ 80 } (26 nm, 86%) 80
X X
ul EEEE § M § .
=1 b=t [
a a
£ £
o 40 o 40}
123 123
¢ ' o (26 um, 19%) 2
\ < 20 " — Metalens 20 |
Silicon T T T T I T I I T I TTM tal — Non-metalens
substrate ctalens 0 ’ ) . . . 0
0 10 20 30 40 50 60 8 9 0 11 12 13 14
Incident infrared light Length of side/pm Wavelength /pm
11 (a) 82 B0 AR WY A U8 L0 A I 255 75 5 T8I B4 () A7 10 3% 5 4 A 1) D8 L AR DU AE A [R) DG BT AR R 1 W LG B ()

BRI ELLIMRIN GTE 8—14 pm Wi 4

Fig. 11. (a) Schematic of metalens integrate with long-wavelength infrared detector®!; (b) absorptance of long-wavelength infrared

detectors with and without metalens under different photosensitive areas®!; (c) absorptance of infrared detectors with metalens at

8-14 pmbY,
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Fig. 12. (a) Schematic of a one-dimensional groove array on the surface of a perfect electrical conductor, the groove parameter is

width a, depth h and period d?!; (b) schematic illustration that replaces the groove array by the anisotropic effective dielectric layer/!];

(c) dispersion relation of excited surface bound wave when a/d = 0.2 and h/d = 159 (d) schematic of a two-dimensional metal hole

array enhanced quantum well detector®; (e) infrared response of quantum dot infrared detectors with and without two-dimensional

metal hole arraysi®; (f) electric field distribution near the hole at 9.39 um/®.
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Fig. 13. (a) Schematic of tapered antenna focusing infrared light field®!); (b) near-field image showing electric field | E,|? distribution!*!;

(¢) schematic of graphene/hBN/graphene multilayer structure with square hole array®; (d) absorption spectrum of graphene/hBN/

graphene multilayer structurel”; (e) in-plane electric field distribution at mode [1, 0]1*.
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Fig. 14. Development prospect of the new generation of infrared detectors with high-integration of artificial micro- and nano-struc-

tures and infrared detectors.
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Artificial micro- and nano-structure enhanced long and
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very long-wavelength infrared detectors
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Abstract

The infrared detectors own the ability to convert information carried by photons radiated by objects into
electrical signals, which broadens the horizons of human beings observing the natural environment and human
activities. At present, long and very long-wavelength infrared detections have many applications in atmospheric
monitoring, biological spectroscopy, night vision, etc. As the demand for high-performance infrared detectors
grows rapidly, it is difficult for traditional infrared detectors to arrive at performance indicators such as high
response rate, high response speed, and multi-dimensional detection. The artificial structure designed based on
micro- and nano-optics can be coupled with infrared photons efficiently, and control the degrees of freedom of
infrared light fields such as amplitude, polarization, phase, and wavelength comprehensively. The systems
integrated by infrared detectors and artificial micro- and nano-photonic structures provide additional
controllable degrees of freedom for infrared detectors. And they are expected to achieve high quantum efficiency
and other merits such as high response rate, excellent polarization, and wavelength selectivity. In this review
paper, the research progress of the application of artificial micro- and nano-structure in the long and very long-
wavelength infrared bands is presented; the advantages, disadvantages, and the application status of different
mechanisms are described in detail, which include surface plasmon polaritons, localized surface plasmon,
resonant cavity structure, photon-trapping structure, metalens, spoof surface plasmon, gap plasmon, and
phonon polariton. In addition, the development prospect and direction of artificial micro- and nano-structure in
long-wave and very long-wave infrared devices are further pointed out.

Keywords: infrared detector, artificial micro- and nano-structure, long- and very-long-wavelength, plasmons
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