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Optical system design of wedge beam splitter
splitting mid-wave infrared Fizeau
interferometer

Yang Shuai'?, Li Yangl‘z*, Zhang Wenxi"”’, Wu Zhou", Qin Rikangl, Fan Yaoxuan"?

! Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China;
?School of Optoelectronics, University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: To solve the problem of beam splitting limitation of cemented cubic beam splitters in the mid-wave
infrared band, the optical design scheme of mid-wave infrared Fizeau interferometers based on wedge splitting is
proposed. At the working wavelength of 3.39 um, to reduce the return error of the interference system and improve
the measurement accuracy, a two-reflection folding collimating optical path structure is adopted, which not only
ensures a good collimating wavefront, but also optimizes the design of the optical wedge to take into account the
wavefront quality of the interference imaging. ZnSe and CaF, materials are used, the collimator of the
interferometer is a single plano-convex aspheric structure, and the imaging lens is composed of two separate
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spherical mirrors. Through the Montecarlo simulation tolerance analysis, the collimator wavefront PV of the
collimator within 0.1° field of view is better than A/4. The normalized field of view imaging wavefront PV of the
interferometric optical path is better than A/5; The interferometric system return error is smaller than A/50 at 0° field
of view placed on the standard surface and the surface under test is tilted within 0.05°.

Keywords: midwave infrared interferometer; wedge beam splitter splitting; aberration theory; optical design
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Fig. 8 lllumination path of the wedge splitting medium wave infrared Fizeau interferometer
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Table 2 Collimator and imaging lens design parameters

Wavelength/um F# Focal length/mm
Collimator 3.39 5 762
Imaging lens 3.39 5.82 35

.3 ks E ksl Fizeau THAURSE £ %4ak Adk

Table 3 Lens data of the wedge splitting medium wave infrared Fizeau interferometer

Comment Surf. type Radius Thickness Material Semi-diameter Conic Tilt about X

OBJ Standard Infinity Infinity - Infinity - -

1 Collimator Even asphere 1091.615 26.000 ZnSe 78.000 -1.862 -

2 Standard Infinity 580.000 - 78.000 - -

3 Wedge beam splitter Coordinate break - 0.000 - 0.000 - -17.500

4 Standard Infinity 5.000 CaF, 25.400 - -

5 Coordinate break - 0.000 - 0.000 - -0.200

6 Standard Infinity 0.000 - 25.400 - -

7 Coordinate break - 0.000 - 0.000 - 0.200 (P)

8 Coordinate break - 166.347 - 0.000 - 17.500(P)
STO Standard Infinity 26.960 - 3.000 - -

10 Imaging lens Standard 37.274 6.000 ZnSe 9.000 - -

11 Standard 30.000 5.000 - 9.000 - -

12 Standard 164.984 5.000 ZnSe 9.000 - -

13 Standard -52.379 33.554 - 9.000 - -
IMA Standard Infinity - - 3.503 - -
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Table 4 Tolerance table for the collimator

Tolerance types Tolerance data
Radius/% 0.1
Surface irregularity(RMS)/A(A=0.6328 um) AN40
Conic +0.01
Thickness/mm +0.05
Surface tilt/(°) +0.05
Surface dec/mm +0.05
Element tilt/(°) +0.05
Element dec/mm +0.05
KPR AT, 0 3 0140 3 U E I Aif PV A 0.30 : :
90% LA IOIERIL T A/4, fldl 10 . L
FHAURAOE I — (L 7 AR B AT PV 3948 T o 020p
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ZEAIAG eI T P8R 1, X Ag ik Monte carlo simulation probability/%
HEATAZEHT, 28 1000 SRR BB, T B 10 A4S BRI £ M

ASURAGO G A — Ak fe KA G DT PV AT 98% HER Fig. 10 Monte carlo simulation tolerance analysis of the collimator
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Fig. 13 Stray light analysis diagram of the wedge beam splitter. (a) Schematic diagram of stray light introduced by reflection from
the front and rear surfaces of the wedge beam splitter; (b) Light traces at the aperture diaphragm surface
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Optical system design of wedge beam splitter
splitting mid-wave infrared Fizeau
interferometer

Yang Shuai'? Li Yangl'z*, Zhang Wenxi"?, Wu Zhou"?, Qin Rikangl, Fan Yaoxuan'

1. Monochromatic point light source
2. @50.8 mm wedge beam splitter
3. 101.6 mm reflector

4. Collimator

5. Reference flat

6. ¢50.8 mm mirror
7. 925 4 mm mirror
8. Aperture

9. Imaging lens
10. Detector

lllumination path of optical system of wedge splitting medium wave infrared Fizeau interferometer

Overview: The mid-wave infrared interferometer is an important precision instrument for measuring the refractive
index uniformity of infrared materials, wave aberration of infrared optical systems, and spherical surface shape. Its
optical system design has certain difficulties. In the spectroscopy scheme, it is difficult to realize spectroscopy by using
the glued cubic beam splitter, and it is easy to introduce aberration mainly by image dispersion in the interferometric
spectroscopy system by using the flat beam splitter. To investigate the design difficulties of the optical system of the mid-
wave infrared Fizeau interferometer and the limitations of the spectroscopic scheme, this paper proposes the design of
the mid-wave infrared Fizeau interferometer based on optical wedge spectroscopy. The use of optical wedge
spectroscopy can effectively correct the image scattering aberration introduced by flat beam splitter spectroscopy in the
interferometric imaging wavefront, which can improve the quality of the interferometric imaging wavefront, reduce the
return error of the interferometric system, and improve the accuracy of measurement. This paper focuses on the effect of
the collimator, wedge tilt angle, wedge angle, and other parameters on the optimized wavefront of the interference
optical system. According to the above analysis, the optical system design of the mid-wave infrared Fizeau
interferometer was completed. The twice reflective folding collimated optical path is used to ensure a well collimated
wavefront of the interferometer by controlling the angular aberration design of the single plano-convex aspherical
collimator, and the imaging aberration and normalized field-of-view imaging wavefront of the interferometric optical
path are strictly controlled to reduce the return error of the interferometric system and improve the interferometric
accuracy. At the working wavelength of 3.39 um, ZnSe, and CaF, materials are used, the collimator of the interferometer
is a single plano-convex aspheric structure, and the imaging mirror is composed of two separate spherical mirrors.
Through the Montecarlo simulation tolerance analysis, the collimation wavefront PV of the collimator within 0.1° field
of view is better than A4, and the normalized angular aberration of the exit aperture is better than 3.01x10™ rad. The
normalized field of view imaging wavefront PV of the interferometric optical path is better than A/5, the MTF value is
better than 0.38 at 25 Ip/mm, and the maximum imaging distortion of the interferometric system is smaller than 0.1%.
The interferometric system return error is smaller than A/50 at 0° field of view placed on the standard surface and the
surface under test is tilted within 0.05°. The mid-wave infrared Fizeau interferometer based on optical wedge
spectroscopy provides a new idea for the design of optical systems for mid-wave infrared interferometers.

Yang S, Li Y, Zhang W X, et al. Optical system design of wedge beam splitter splitting mid-wave infrared Fizeau
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