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Design and application of long wave infrared high transmittance
two-dimensional photonic crystals

WANG Chao' ,ZHANG Yi’,WANG Han',AN Ze-lin' ,WANG Chao', WANG Ru-zhi'
(1. Key Laboratory of Advanced Functional Materials of Ministry of Education, Institute of New Energy Materials
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Abstract : In recent years, improving the photon absorption rate of infrared detectors is one of the key researches in in-
frared detection,among which increasing the transmittance of incident light is an important step. The application of tra-
ditional multilayer antireflective films is limited by adhesion, thermal mismatch and lack of stability. Photonic crystal is
a kind of reflection improvement effect which can be achieved by machining microstructures directly on optical sur-
face. It does not have such problems as above,and shows a good reflection improvement effect. However, the complex
structure of the current photonic crystal design poses difficulties for process machining. Based on the above problems,
several simple geometric structures of ZnS photonic crystal are designed in this paper,including cuboid, cylinder, hex-
agonal prism and pyramid structure. In the long wave infrared band of 8 ~ 10 wm,the best average transmittance of
each kind of photonic crystal structure is above 90 % ,and pyramid has the best anti-reflection effect. The pyramid ar-
ray structure is designed,and the transmission simulation results show that the pyramid array gap can maintain more

than 98 % transmission in a certain range. Finally, the influence of the thickness and temperature of different substrate
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materials on the transmission of photonic crystal is investigated. The research in this paper can provide some reference

for the research of photonic crystal anti-reflection and the design of micro and nano optical devices.

Keywords : infrared detection ;long wave infrared ; photonic crystal ; anti-reflection design
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Fig. 1 Schematic diagram of photonic crystal simulation model
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Tab. 2 Studied photonic crystal materials and structure size
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Fig. 2 Simulation model and the effect of photonic crystal

thickness on average transmittance
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Fig. 3 Effect of simulation model and photonic crystal height

on average transmittance
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spacing on the average transmittance
4 EJEMF HeCdTe |2 B MK IRIFE XS K F &4
HEER R
ARG IR R HeCdTe J5 B2 AIIRIR 3 52



1890 Bt 5 4 sk

LEREE

OK Xif 6T Sh AR 1) 1 338 58RI 520
4.1 HE KA A HeCdTe B & 38 F & K% 4 &
&

T 4] SIS 41 kE HeCdTe (%) 1K 2% 1 #5232 5t
I, W] HgCdTe J& J3 Xof 5 - & 1A 1) 18 388 RUCR A7 HE —
FEFSIR, PRITIZ ) X HeCdTe B4 LS5 By i F A —
EMEHEEH . 5B T 3.5 95 ZnS & F ARG T
AR, S F R 3 wm, HgCdTe B4R H
JE LRI T ~10 pm, 2K 1 pm, A11& 7 (a)
Ji7R o ZnS 4 FIETEARBIET R AR - 35938 51 5 1
D5 BLEE AN 7(b) iR, bt HgCdTe 1k} S F 14
T, ZnS S b 7R ) 38 35 ROR B BT T, 4
HgCdTe #HEVEEE KT 6 pm B, ZnS £ FIE TR
T TR I 1 1 B R AE 90 % LI E o XS b TR
& HgCdTe A RHERERE N, W HeCdTe X i M i 5
Han, 520 HeCdTe X6 55T/

HgCdTe

(a) HgCdTe b H R AR AL IEAIL A

HgCdTe/ER— T M
—=—1 um 69.07%
—e—2 um 76.34%

3 um 88.24%
—v—4 um 93.13%

5um 92.26%
|<—6 um 89.46%
0.64 [|»—7um 92.08%
—e—8 um 94.80%
—*—9 um 94.11%
|—&—10 pm 98.44%

0.7 1

0.5

T T
8.0 8.5 9.0 9.5 10.0
Wave length/um

(b) NI HgCATeRHE B b MR F40 125 S 36
7 HgCdTe BPRHE AL b KXt T AR 2 55 A R

Fig. 7 Thickness variation of HgCdTe material and its effect
on photonic crystal transmittance
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