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Diffraction Efficiency of Diffractive Optical Elements with Antireflection
Coatings Within a Certain Incident Angle Range

Yang Liangliang*, Liu Chenglin, Shen Fahua, Zhao Yongbing
School of Physics and Electronic Engineering, Yancheng Teachers University,

Yancheng, Jiangsu 224007, China

Abstract For the diffractive optical elements (DOEs) in imaging optical systems, a range of incident angles is the
normal working situation, and the introduction of antireflection coatings (ARCs) to DOEs affects polychromatic
integral diffraction efficiency (PIDE). Relying on the phase function of DOEs, we modify the microstructure
heights with ARCs in this paper. Furthermore, we build theoretical models of the relationship between the
comprehensive PIDE and modified microstructure heights of single-layer and multilayer DOEs working within a
certain incident angle range. With DOEs working in the infrared waveband as an example, we comparatively analyze
the diffraction efficiency and PIDE with ARCs designed by the common method (CM) of maximizing the PIDE to
obtain microstructure heights and by the proposed modified method (MM) based on modified microstructure
heights. The simulation and calculation results show that both the change in incident angles and optical thicknesses
of ARCs will induce the decline in the PIDE of DOEs with ARCs. With the MM, the comprehensive PIDE is
95.528% and 99.449%, respectively for single layer DOEs with a substrate of ZnSe working in the incident angle range of
0°-30° and multilayer DOEs in the 0°-~20° range. This method provides a reference for the optimal design of DOEs.
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Table 1 Average polychromatic integral diffraction efficiency (PIDE)and modified microstructure
height of single layer DOEs
ZnSe ZnS
Parameter S S S S S S
=0 f=15 7=30 =0 =15 7=230
Theoretical PIDE /% 95.670 95. 626 94,773 94. 754 94.692 93.658
Actual PIDE /% 94. 834 94.729 94.402 27.267 26.873 25.785
Modified microstructure height /pm 6.525 6.520 6.504 2.729 2.706 2.639
Modified PIDE /% 95.670 95.670 95.656 95. 370 95. 373 95. 380
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Fig. 4 Modified diffraction efficiency of single layer DOEs. (a) ZnSe; (b) ZnS
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Minimum PIDE 94. 309 91. 965 25.420 20. 335
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Comprehensive PIDE 94. 667 94.014 26. 646 24,874
Modified comprehensive PIDE 95. 664 95.528 95. 370 95. 351

F2 PR AT LVE MY E T 95% . A G A
350 0°~15°F1 0°~30°0f, 5 — 4~ ¥ )2 DOEs Y
S 5 BV I A B RCR t CM 3 55 45 S 4y
SIHEES T 0,997 AN E 43 RUR 1L 514 A AR A A
)2 DOEs - IR R T 68. 724 AN 43 &5 Fl 70, 477
ANE A, AL 82 DOEs g & TAETE— & A
SHA BB 8 R TAELE — & A G BTy L 1
25 REE T Y 8 AR 4351 B4 AT S 250 1 5 ) 4 N RE 22
R ) 2 214 IR A A A S LA R
3.2 %E DOEs BT RS

R A A A D% 40 A BE RS £ )2 DOEs,
FR BRI AR BE B R (K ZnSe F1 ZnS, i E 4 5K

AT N 8. 80 pwm I 11, 12 pom , f45 #) =5 )
A3 5K 120, 601 pm A1 —133. 111 pm, 38435 5 7] B
R 3.1 WA MMIER ., RAE CM, 24 A G 3
KE] 25°0F, £ )22 DOEs 78 & 71 3 4 4b (1 fir 5 20%
STBENE ., FTLL, R AT R AT, A G R BE
£ 10°F1 20°,
3.2.1 REINH AR % & DOEs #9474 20 5 547
S A BE 4R 5k 0L 10°F 20°HF, £ )2 DOEs
A ISR ) B V8 AT S 50 N A B 3 R R AL ) Y
SEBRATET AR E 7 (W R, AIULLCRA CM
B2 R 37 WS (9 A7 S R AE A T AR D B N
TREAR B &, N R B R g P N K

a5, KRR IE A S ST RS TR AT SRR K A FIFH(12) &R 5] T 22 DOEs £ 1E)5 14
L0 p————— 0.6 e —— L.000 ——— —]
(a) incid le is 0° (b) e S 100 ’(C) B E
2 0.98 T incidentangleislr | & 05 T T meidentangen2oe | 8 . e
= — - — - incident angle is 20° = 5 incident angle is 0 f
€ 096 - 3} _ 1 .2 099 T {ident angle is 10°
g .7 € 04 -7 ) — - — . incident angle is 20°
£ 0904 7 g ~ " g 7
< U - ) =] /
p L = 0.3 P = 0.990 .
2092 - 3 z == 8 p
g . g 02} .- = g 1
e <L o .
g 0% e & o . £ 0985\ s
a088 .- ant = A R
0.86C 0E— 0.980
8 9 10 11 12 8 9 10 11 12 8 9 10 11 12
Wavelength /um Wavelength /um Wavelength /um

7 £)2 DOEs WATHRE, (O FISH ; (b) SZBR1E ; (OB TE )R B1{E

Fig. 7 Diffraction efficiency of multilayer DOEs. (a) Theoretical diffraction efficiency; (b) actual diffraction efficiency;

(¢) modified diffraction efficiency
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