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Research progress of artificial microstructure

thin layer infrared detector (Invited)

Du Jiayuan, Zhao Xinyu, Hu Xinhua"

(Key Laboratory of Micro- and Nano-Photonic Structures (Ministry of Education),
Department of Materials Science, Fudan University, Shanghai 200433, China)

Abstract: The thin layer of infrared detection material guarantees the uniformity of the materials and reduces the
signal noise in infrared detection. The absorption of infrared detector is limited by the thin layer of infrared
detection material attributing to small volume. According to the characteristics of different infrared detection
materials, artificial microstructure can effectively improve the performance of infrared detector. The strategies of
enhancing the absorption of thin-layer infrared detection materials were introduced. The strategies were based on
metal back plate, metal grating and asymmetric Fabry-Perot cavity. They could have an excellent performance in
their own adaptive scenarios. Meanwhile, the mechanism of adjusting the absorption peak height and width by
artificial microstructure was also elaborated briefly. The application of artificial microstructure in several infrared
detectors was demonstrated. Finally, an artificial microstructure HgCdTe infrared detector was designed, which
could achieve broadband absorption in 3.5-5.5 um atmospheric window. The absorption peak reached 91.8% and
the relative peak width was 41.8%. In most of frequency in the atmospheric window, the absorption enhancement
is higher than 6. The development of artificial microstructure opens up the design idea of traditional infrared
devices, and provides theoretical basis and guidance for new infrared devices.
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Fig.1 Three kinds of artificial microstructures for enhancing absorption
of thin layer infrared detection materials. ( I ) Unstructured, (1)
metal film as perfect mirror behind thin layer, (Ill) metal grating

in front of thin layer, (IV) asymmetric Fabry-Perot resonant cavity
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Fig.2 (a) Strategies for enhancing absorption of thin layer infrared

detection materials; (b) Schematic diagram of general resonance;
(c) Absorption mechanism of HgCdTe infrared detector with
artificial microstructure: (D Distribution of |E,| in structure v,
which is obviously concentrated in F-P cavity; @ Distribution of
|E,| in structurelll, which is concentrated in the SPP. The sections
are the x-y plane as shown as green square, and the metal part in
the sections is framed by the white dotted line. 4/a = 0.75, 2y =

3.9 um, t3 =310 nm

20211002-3



ISk A2

%14

www.irla.cn

% 50 %

4 ANIREHLIMRNES

2008 4 Hu 5t & 2 - R W58 #LH — 12 4 8 6l
F— 2 4 R W B F-P LR I 58 T & 1 40 4h
PRI 5 R SRR, FEX TR 5T v, 25 e —A
a7 Ak P B AR R Y B b R 4 A R TR
1y 1 —HE B M A H, b — A2+ 4 JE
K oa, W54 B A Z B B AE Ve R A0 X F 4t
W, A S A8 08 TR B R a, HEAR B9 IE 7 B AL B3
hA. AT LR E (O HE Bk
12.43), FIHIA R84, FEMPALER 2 09 il e il ds &
RN o WA IR)ZE5 0 (- FE O 12.43+
0.51). A VRZ 5020 [ 3% AT 2% 18 (4 B 2
BIH 6,(K 3(0) TARREIEE 1) A2 2
FER 14 B A WIS o VS 008 T B Y 4 VHE S B 005 A
TELT AN BT - 56 42 U A S R LG I, A /R 4
) FEL G U0 4 4 SR A A AR B AR, AR A 2, X T R

F 4 1l A 10 DA 25 4, O A 45 A Y g ok R R
TFIRIZ R AW . A V52 5 A A WS ) A T 4 v e
&tz ml, —4E 15 B 29 R 35%, A TE AR
30%. I HL AR 2 00 0 05 7E KT BBl A5 A B (0~
60°) #RE PRAF FRAR Y 55 B2 (— 4R LR T 30%, — 4k
T KT 25%). 38 i X i )2 4 G 45 4 ) JE
ty R 25 L A/a BV, AT LSS B R AL B e AN 4T
MG 5 1A WSO B 2R B TR

2013 4F, Zhang Fl Hu #F — 0058 T & 64544
B i B LT AN R IR A WOReR >, 5 i ar
AR 25 AN [F] 1 — SR, - BIFLL AN RN A5 J0 1 Wi
e A AGHE (A i Bk N e R BRI
) 1 RE ). IR E7E K I 5T AR 45 R AN
F-P AR s 45 44, T AR B0 23 1 4 M 45 4 £ 78
e HA BT BHZ LA RZ L5 (k1 s
MR, MBS E G 8 E, 2784 e
A I 2 Z [0 o 2% 1 45 B TR e, S i 5 &)
S-S ST L R A SR . A S K
\/<sm(9>/ﬁ+(z/a> (1) = ma /A, B 2 A 5
(10 2 T A 3 TR U0 1) L B0 8 Y 2 2 T A 95 170
I HAE T HE2 A 5 R 3, P L REIG of B 7
BIZ TR . IR IS B S50 4~5 5. LA, 1%
W75 T B2 A sebRma B, 115 T AR
T BF (IQW) A1 5L B i F BF (RQW) ARl 25 5 . i

J&, WS E AN S 4 s e 4 U L 28— 3%
AORRAR RO, 1224544 JC 1 U B AT A MR OOR .
2015 4, Chang 1 Hu 7E 8% & G 25 1 8 1Y i
TBFZE LB T — 20 2P, 92 GRS
b G SRR X A S G ST, e 2 TR )= ) 401
WAL ) it B )2 0 WSO8 3 2 TE AR G ) T
TBEER 14 55, 2 T2 G L =A% . i — Db
WE5E R, AT LRI A 2ty = A/ (Ano) RAG FEIU JE 1Y
S AEIR R, Forh n R0 2 TR . X R TT
1B 5 5EBRE 22 58T 100 nm, RO F 50 R 4L
FHZEAN 3% Bl FRALUON S5 )23 6 2 1) o BF 45 4, i

Resonators layer
W
Dielectric layer

~_

®) 1D Grating layer f
t}
L |}
EER “
- B W Metal film layer | ¢,

Fd 3 AEXSFK F-P SR N TGS LA RS . (a) AR
FRWAA . & ER NP IEIREG IS, + TR
N L SRR w, IR EER a, i T2 0 EIE A (b) BT
A (B ZLAMRIN #3 RIS 80 TE A HgCdTe 2L /MR #5345
i 224 gy BN RO, BT JE A I, 42 et
AR —EEHE, o nl DU —4et. et EA o, B E
S Ao @ JECANZERIEEE N 1, 48 IR Y5 B
1y, TRUAY BT (MCT) EIERER 13

Fig.3 Schematic of asymmetric Fabry—Perot cavity artificial micro-
structures infrared device. (a) Perfect metamaterial absorber !
The top layer is array of cross resonators, which has length /,
width w and period a, the bottom layer is the ground plane;
(b) Schematic of quantum dot (well) infrared detector and
HgCdTe infrared detector with high-efficiency and broad-
band *» %2, The top layer is metal grating and the bottom layer is
metal film. Metal grating can be 1D grating or 2D grating. The
period of grating is a and the length of hollow part is 4. The
thickness of metal grating layer, metal film layer and detection

medium (MCT) layer is #,, ¢4 and £, respectively
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