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Optical Field Analysis and Diffraction Restraint of Microminiature

Fourier Transform Spectrometer
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Abstract In order to further realize the miniaturization of the Fourier transform infrared spectrometer, a spatial light
modulator and a point detector are introduced in the Fourier transform infrared spectrometer which is based on multistep
micro-mirror. The phase of incident optical field is modulated by the multistep micro-mirror, and the distributed
measurement is conducted for each interference order using the spatial light modulator. The two multistep micro-mirrors
are regarded as two phase diffraction screens, and the spatial light modulator is regarded as an amplitude diffraction
screen. The interaction between optical wave and each diffraction screen is analyzed. It is found that the interference
optical field is modulated by the spatial light modulator and the diffraction optical field at the multistep micro-mirror
margin. The incident optical field is cut off by the multistep micro-mirror margin, which results in the diffraction effect.
In order to inhibit the influence of diffraction effect on the system, a method which extends the step order of the multistep
micro-mirror is proposed. By means of enlarging the interference area, the influence of the marginal diffraction effect on
the internal effective interference order can be avoided. The results indicate that this method can eliminate distortion of
the interferogram sequence and achieve signal spectrum recovery effectively.
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Fig. 1 Schematic of microminiature Fourier transform spectrometer and distribution of OPD
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Fig. 2 Equivalent light path diagram of transmission light path
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Fig. 3 Images of interference light intensity corresponding to different modulation units at on-state.
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Fig. 6 Interferogram sequence after filtering
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Fig. 8 Optical field distribution of incident light field passing through multistep micro-mirrors
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Fig. 9 Interferogram sequence after Fig. 10 Recovered spectrum after
extending step order number extending step order number

1130002-6



ol

10

11

12

6.9 s 0
7.10 s o
E=6.5X10"",

b o

Weng Shifu. Fourier transform infrared spectrometer M. Beijing: Chemical Industry Press, 2005 34-56.

. [M]. : , 2005 34-56.
Griffiths P R, de Haseth J A. Fourier transform infrared spectrometry[ M]. 2™ ed. New Jersey: John Wiley &. Sons,
2007 ; 19-41.
Saptari V. Fourier-transform spectroscopy instrumentation engineeringl M]. Washington: SPIE Press, 2004 17-26.
Manzardo O. Micro-sized Fourier spectrometers[ D]. Neuchatel: University of Neuchatel Institute of Microtechnique,
2002 29-54.
Manuilskiy A, Andersson H, Tungstrom G, et al. Compact multichannel optical Fourier spectrometer[ C]. SPIE, 2006,
6395: 639504,
Liang Jingqiu, Liang Zhongzhu, Lii Jinguang, et al. Micro spatial modulation Fourier transform infrared spectrometer[]J].
Chinese Optics, 2015, 8(2) . 277-296.

, , s [Jl. , 2015, 8(2): 277-296.
Fu Jianguo, Liang Jingqiu, Liang Zhongzhu. Analysis and design for the optical system of a static infrared Fourier
transform spectrometer[ J]. Acta Optica Sinica, 2012, 32(2): 0222006.

, , . (J]. . 2012, 32(2).
0222006.
Feng C, Liang ] Q, Liang Z Z. Spectrum constructing with nonuniform samples using least-squares approximation by
cosine polynomials[J]. Applied Optics, 2011, 50(34): 6377-6383.
Li Jinguang, Liang Jingqiu, Liang Zhongzhu. Error synthesis and statistical analysis on stepped mirror array by Monte
Carlo method[ J]. Acta Physica Sinica, 2012, 61(22): 220701.

s , . Monte Carlo [Jl. , 2012, 61(22): 220701.
Feng C, Wang B, Liang Z Z, et al. Miniaturization of step mirrors in a static Fourier transform spectrometer: theory and
simulation[ J]. J Opt Soc Am B, 2011, 28(1): 128-133.
Li Naiguang. Fourier optics[ M]. 2™ ed. Beijing: China Machine Press, 2006: 89-90.

[(M]. 2 . : , 2006 89-90.

Lii Jinguang., Liang Jingqiu, Liang Zhongzhu. Study on spectrum inversion of spatially modulated Fourier transform
spectrometer[ J]. Spectroscopy and Spectral Analysis, 2012, 32(6): 1694-1699.

; ; . L. , 2012, 32(6): 1694-1699.

1130002-7



13

14

15

Jian Xiaohua, Zhang Chunmin, Zhu Baohui, et a/. The data processing method of the temporarily and spatially mixed
modulated polarization interference imaging spectrometer[ J|. Acta Physica Sinica, 2010, 59(9): 6131-6137.

) ) .. [1]. , 2010, 59(9): 6131-
6137.

Feng Yutao, Sun Jian, Li Yong, et al. Broad-band spatial heterodyne interferometric spectrometer[]J]. Optics and
Precision Engineering, 2015, 23(1): 48-55.

. . . 1. » 2015, 23(1): 48-55.
Mu Tingkui, Zhang Chunmin, Li Qiwei. et al. The polarization-difference interference imaging spectrometer - [ .
Concept, principle, and operation[J]. Acta Physica Sinica, 2014, 63(11): 110704.

, ; y T. [J]. » 2014, 63(11): 110704.

1130002-8



