Opto-Electronic Engineering Art|C|e

¥ & x #

20175 ,5544% , 5 7H

LWIR 03K < 50 /Al 14 5 S iR
PRSI
ke L2 O NF L) g #1120 R E L2

KARE 12, kPR 12

VRHER R AL A 56 F TSR, K 300072;
2R E B AR E TR A S E R, K 300072

TM transmission T/%

HWE: ARZKELIMaIRARSE RGP RIS AL, RGBT 5 AR LS AT RA R IR M 809 Bl , &
HIHRAL T —AF SR AR RO LK KM, Z A A FET T S, UM X 48 5 ARLAE A R, BAT AT B
0.6 ym #= 0.4 ym, EAMEH 1 um, &= 50%. F) 8 B A49E K BT it Bk MM ATAT LE, 7~15 um
LG A 0~B0° ASHE B 0 BARFIAR IS4 514 5) 87.54% A L, 3 bk it 47 dB. iZ XA 10.6 um 49 MiXEK T,
TM &4+ % 534 90.80% HEA 50 dB vA L#9i¥ ik, AAEIRANR] 6938 E4a 0, 1hikE TR BRG. TALRE
T, MR AN RO ST A R AT 6 IR R A

KHEIR: ATATRE, WELRKAM, SRS IL; KAMAIRS; Kkast

FESES: 0436.3 XEktREE: A

Design of long-wavelength infrared polarizer
based on sub-wavelength aluminum-ZnSe grating
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Abstract: A dual-layered sub-wavelength grating consisting of two kinds of materials, aluminum and ZnSe, is de-
veloped to improve the performance of polarimetric elements in long-wavelength infrared (LWIR) polarization imag-
ing system. Parameters of the designed grating’s morphological structure are optimized on the basis of analyzing the
effects on the polarization performance through the rigorous coupled wave theory, which helpfully calculates the dif-
fraction efficiency. With a rectangular profile, the grating designed for applications in LWIR band has periods of 1 ym
and 50%-fill-factor. The depths of aluminum and ZnSe in the grating region are 0.6 um and 0.4 ym respectively. ATM
transmission greater than 87.54% with an extinction ratio exceeding 47 dB is achieved in the 7~15 ym band when
the angle of incidence is from zero to sixty degree. The grating maintains an extinction ratio better than 50 dB and
TM transmission over 90.80% above 10.6 um incident wavelength, which is superior to single-layered aluminum
gratings with the same depth in the transmission performance in comparison. The simulation results show that this
grating has excellent polarization performance in the broad LWIR band.
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Fig. 1 Anillustration of the geometry for the rectangular-
groove grating.
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Fig. 2 Transmission data measured through a 10 mm
thick ZnSe substrate from Thorlabs.
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Fig. 3 Profile of the designed grating. (a) Incomplete etching of aluminum layer. (b) Fine etching of aluminum layer. (c)

Excessive etching of zinc selenide layer.
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Fig. 4 Influences on polarization performance from four different metal materials. (a) TM transmission
results for various metal materials. (b) Extinction ratio results for various metal materials.
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Fig. 5 Critical period simulation diagrams.
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Fig. 6 Polarization performance versus fill factor.
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Fig. 7 Relationship of polarization performances and grating depths. (a) Results of varying aluminum depth on
dual-layered grating. (b) Results of varying ZnSe depth on dual-layered grating.
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Table 1 Results of polarization performances in different layer depths.
hq/pm hy/um Ttm /% ER/dB hy/pum hy/um Ttm /% ER/dB
0.4 0.2 87.62 29 0.6 0.4 92.84 41
0.4 0.4 89.57 40 0.8 0.2 92.85 31
0.4 0.6 90.80 50 0.8 0.4 95.62 41
0.6 0.2 90.26 30 0.9 0.8 98.64 62
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Table 2 Performances comparison of WGP with different structures.
Designs for WGP Wave band/pm Period/ym Fill factor ~ Etched depth/pm Trml% ER/dB
Silver grating!™® 8~14 5 0.56 8 Over 30 34 (A=8 um); 13(A=14 um)
Aluminum grating!™® 8~14 6~14 0.5 0.3 70~80 With no detailed data
Al/ZnSe grating 7~15 1 0.5 1 Over 87 49(A=8 uym); 52(A=14 um)
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