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Table 1 Main design parameters

Project Value
Spectral (pm) 3—5
Focal length (mm) 165
F# 1.65
2w (%) 6
Operating temperature (°C) —40 ~ 60
Volume (mm) <110X 180
Transmittance >70%
Detector specifications 10241024
Pixel (pm) 12
Back focal length (mm) 44.35
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Table 2 Basic parameters of the design outcome

Surface Type Radius (mm) Thickness (mm) Material
1 Standard 106.6145 14.4174 Si
2 Standard 318.4318 1.4359
3 Binary2 133.0200 6.4509 Ge
4 Standard 81.6478 0.9497
5 Standard 44.2296 11.7351 ZNSE
6 Standard 53.1783 51.7726
7 Standard —17.9485 7.1483 Si
8 Even Asphere —13.3802 2.6471
9 Standard —17.8342 2.8460 TRG209
10 Standard —101.6392 2.2205
11 Standard —28.9845 5.9350 Si
12 Standard —19.6434 22.1818
13 Even Asphere —75.3242 4.4843 Si
14 Standard —40.8071 1.4049

3 FkE/ZoEIERERE
Table 3 Aspheric/Binary Aspheric Coefficient

Surface k 4th Term 6th Term 8th Term 10th Term 12th Term
3 —2.026 6.32E—10 2.84E—11 —8.17E—14 8.44E—17 —4.92E—20
8 0.371 6.04E—05 —2.22E—07 1.65E—08 —3.51E—10 4.81E—12
13 3.579 —8.17TE—07 2.29E—08 —2.54E—10 1.71E—12 —7.03E—15

®4 “REEITSH
Table 4 Binary surface design parameters

2 4 6

Surface Norm radius 0 0 0

3 424 —94.9047 2.6893 —24.5655
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Fig4 MTF curve at an ambient temperature of 20°C
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*5 BITER|EYNIAVIBARITEE
Table 5 The calculated values of YNI and I/IBAR for each aspect of the design result

S1 S2 S3 S4 S5 S6 S7
YNI —24.6342 29.4303 12.28006 —6.99433 —28.57270 —2.22844 —1.79405
1/
71.3574 6.0814 5.38989 3.10778 91.99163 0.91698 5.92995
IBAR
S8 S9 S10 S11 S12 S13 S14
YNI 1.8124 1.23411 —4.58633 —3.54623 5.83808 1.92536 8.98309
1/
BAR 0.3123 0.28168 9.85529 7.45936 0.88126 0.47445 2.84379

*® 6 FTHE YNIIEIEHE
Table 6 #T5IHE YNI{EIEE

Surface N,

3 —6.2766
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Curve of diffraction efficiency varying with wavelength
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Fig 13 S7 surface reflection ray tracing diagram
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Table 7 Basic parameters of the design outcome

Surface Type Radius (mm) Thickness (mm) Material
1 Standard 113.2590 —14.3564 Si
2 Standard 401.4268 1.4041
3 Binary2 160.9906 6.4774 Ge
4 Standard 95.1713 0.9944
5 Standard 48.8982 11.5073 ZNSE
6 Standard 60.9374 55.0263
7 Standard —16.9588 6.6965 Si
8 Even Asphere —13.8555 5.4143
9 Standard —16.5149 2.8732 IRG209
10 Standard —47.6464 0.8303
11 Standard —49.3868 7.1570 Si
12 Standard —25.4817 16.8398
13 Even Asphere —86.7351 4.1417 Si
14 Standard —46.8868 1.9559
=8 FEPkm/—tmEIETKTE R
Table 8 The coefficient of Asphere/Binary
Surface k 4th Term 6th Term 8th Term 10th Term 12th Term
3 —2.771 1.62E—08 —9.01E—12 —2.73E—14 3.89E—17 —2.52E—20
7 0 —8.54E—05 —7.88E—08 1.00E—08 —5.77E—10 1.01E—11
8 —0.259 —9.26E—06 —2.71E—06 9.07E—09 —1.95E—10 2.21E—12
13 1.651 —5.95E—06 7.81E—06 —9.13E—10 6.49E—12 —2.75E— 14
x99 “TEETSH
Table 9 Binary surface design parameters
Surface Norm radius pz o' o°
3 42.8 —92.9081 11.1636 —19.5789

*F 10 f78HE YNIfEIEE

Table 10 Diffractive surface YNI correction value

Surface

—5.7288

Modulus of the OTF
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Fig 20 MTF curve at an ambient temperature of 20°C
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Fig 23 Curves showing the variation of diffraction efficiency at different levels with wavelength
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Fig 24 The Narcissus light ray path diagram of S3 surface
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Optimization and Analysis of an Ultra—Low Narcissus in Mid-Infrared
Refraction—-Diffraction Hybrid Systems

Yang Ding'?, Pang Ruiguo'?, Lu Zuofeng'’, Wang Xianya'?, Gao Shuangyan'’, Li Xuyang'’
(1 The Space Optical Technology Research Laboratory of the Xi'an Institute of Optics and Precision Mechanics , Chi-
nese Academy of Sciences, Xi'an 710100, China)

(2 University of Chinese Academy of Sciences, School of Optoelectronics, Beijing 101400, China)

Abstract: This paper aims to realize an ultra-low Narcissus design for a cooled MWIR refraction—
diffraction hybrid optical system containing a Diffractive Optical Element (DOE) , while maintaining high
imaging performance under a large relative aperture. The study is focused on three tasks: examining the
applicability of conventional Narcissus evaluation criteria in a hybrid optical system, establishing a
quantitative analysis route based on actual ray tracing, and obtaining an optical design with significantly
suppressed Narcissus irradiance at the focal plane. The objective is to reduce residual Narcissus noise
beyond the level achievable by routine low—Narcissus design, so that both image uniformity and
temperature—measurement accuracy can be improved in a high—resolution cooled infrared imaging system.A
combined qualitative and quantitative procedure was adopted. First, the conventional YNI and I/IBAR
criteria, together with the diffractive correction of YNI for the DOE surface, were used to obtain an initial
low—Narcissus solution and to evaluate the Narcissus tendency of individual optical surfaces. Second, in
view of the limitations of these surface—based criteria in a complex hybrid system, a quantitative evaluation
framework based on NITD (Narcissus Induced Equivalent Temperature Difference) and reverse ray
tracing was established to characterize the Narcissus effect at the focal plane. In this framework, the
propagation paths of Narcissus rays were traced surface by surface, and the contribution of each optical
surface to the focal-plane Narcissus irradiance was quantified. For the DOE, the analysis considered not
only the design diffraction order, but also non-high-diffraction—efficiency wavelengths in the design order
and the contribution of non-design diffraction orders. For the refractive part, the dominant Narcissus
sources were identified through NITD contribution analysis and ray—path tracing. Based on these results,
targeted optimization was carried out by adjusting the DOE structural parameters, modifying the optical
power distribution of the rear group, and introducing additional aspheric degrees of freedom where
necessary. The final design was implemented in ZEMAX for a 3 - 5 pm waveband, with a 165 mm focal
length, F/1.65, 6° full field of view, 1024 X 1024 detector format, and 12 um pixel size. The results show
that YNT and I/IBAR can indicate the Narcissus tendency of individual surfaces, but they cannot accurately
represent the actual Narcissus level of a complex refraction—diffraction hybrid optical system. Even when
the calculated YNI or I/IBAR values of some surfaces appear favorable, the corresponding surfaces may
still produce substantial contributions to the total NITD after full-path ray tracing is considered. For the
DOE, the analysis demonstrates that Narcissus is not determined only by the nominal design—order rays;
rays at non—high-efficiency wavelengths in the design order and rays generated by non—design diffraction
orders also contribute to the focal-plane Narcissus irradiance. In the initial design, the maximum detector
NITD reached approximately 0.2309 K, and the dominant contribution originated from the rear group,
with surface S7 acting as the principal Narcissus source. After targeted optimization, the irradiance of
DOE-related Narcissus rays arriving at the focal plane decreased from about 270.4 to 160.9, corresponding
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to a reduction of approximately 40.5%. At the same time, the maximum total NITD was reduced to
0.0490 K. The dominant Narcissus contribution shifted from the original surface to S10, while the
contributions of most other surfaces became lower and more balanced. In the optimized system, the
Narcissus associated with S7, S8, and S9 was effectively suppressed, and the rear group was reconfigured
by using aspheric surfaces at S7, S8, and S13, together with increased curvature of S9 and S10, so that
reflected Narcissus rays were less likely to be recollected onto the focal plane. Meanwhile, the system
maintained good imaging performance over the operating temperature range.For a cooled MWIR refraction—
diffraction hybrid optical system, ultra-low Narcissus design cannot depend solely on conventional surface-
based criteria such as YNI and I/IBAR. A more effective design route is to combine preliminary criterion—
based screening with NITD-oriented actual ray tracing, then perform path-oriented optimization aimed at
both suppressing Narcissus generation and weakening the recollection of Narcissus rays by the rear group.
When the original structural degrees of freedom are insufficient, additional optical-surface freedom,
especially the introduction of aspheric surfaces, is necessary to balance imaging performance and Narcissus
suppression. The final design verifies that an ultra-low Narcissus level can be achieved in a DOE-
containing cooled MWIR imaging system, and indicates that the key issue in further improvement lies in
controlling the localized distribution of residual Narcissus irradiance on the focal plane.

Key words: Refraction—diffraction hybrid system; Mid-Infrared; Narcissus; Ultra-L.ow Narcissus; High
resolution
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