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Optical design and optimization of a mid—infrared plane grating

spectrometer system
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Abstract: Using the infrared thermopile array in the system as light receiver, with miniaturization and
meet the requirements of certain spectral working range and spectral resolution as the system design task,
according to the theory of spectrometer and the aberration, a mid —infrared plane grating spectrometer
based on the structure of Czerny—Turmner was designed. A double off-axis parabolic reflector was used as
the fore —optical system to reduce the size of other optical elements, the toroidal focusing mirror was
adopted to correct astigmatism. The ZEMAX software was applied to design, optimize and analyze the
fore—optical system, imaging system of the spectrometer. Final analysis results show that the spectrometer
system working range from 8.04 pm to 13.96 pm, spectral resolution is better than 80 nm, F number is
2, optical size of the system is 150 mmx200 mmx70 mm, and satisfy the design task.
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Tab.1 Design reference task of mid—infrared plane

grating spectrometer system

Item Parameters
Spectral range 8-14 pm
Spectral resolution A <80 nm
F# =2
Aperture diameter D <55 mm
Spectrum width L 38 mm

Active area per pixel 0.45 mmx1.5 mm

Pixel pitch p 0.5 mm
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Fig.2 Diagram of infrared thermopile array capture spectrum
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Tab.2 Optical parameters of plane grating

spectrometer system

3 XFRGHREIT

DR BREERELRH RN, XRZEEATARZ
MEELRGRH, tRESBEAFEGCESR
SR S SR 88 O R RS B3 e & i A
BEBRREHET T RIS,

31 MIEXBARBITRIER

B BOLB A VE R B AR IR A 5 e sk b,
LT WERRFTL, BAT, ¥ MM ECHA S
M=E=RA RERKKTMUEHB YRR, H
FOEMERAEMESR, AR TR HikEEA
FEBARX G EREH, 5553 HW
G F 0T RET BT E K

(1) F A A AT E G

KRB FERNKRR,  EHRMBNFEHR, £
G My T 5 R WU T . BT R K S B i an
K3 k3P,

<\ Primary mirror Collimating

B3R ERMAXINE B E
Fig.3 Layout of Cassegrain—type fore—optical path
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Tab.3 Parameters of Cassegrain

Radius of curvature Diameter ,
Surface Conic
/mm /mm
Primary mirror -60 55 -1

Seconary mirror -27.692 20 -3.313

Ttem Parameters
Grooves 50 lp/mm
Grating Size 30 mmx30 mm
Blaze wavelength 10.6 pm
Focal length f, 105.99 mm
Collimating mirror
F# 2
Focal length f; 105.99 mm
Focusing mirror
F# 2
Slit WidexHeight 364 pmx1 500 wm
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Fig.4 Layout of double off—axis parabolic reflector optical path
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Tab.4 Parameters of double off—axis parabeolic

reflector
Surface Angle of ooff—a)us Diameter Conic
1°) /mm
Primary parabolic reflector 30 50.8 -1
Secondary parabolic reflector 30 25.4 -1
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