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Design of athermal mid-infrared imaging spectrometer based

on Offner scheme
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Chinese Academy of Sciences, Suzhou 215163, China)

Abstract: An athermal mid-infrared imaging spectrometer based on the Offner scheme was designed to
meet the requirement of mid-infrared spectrum analysis. According to the solution of the athermal
equations, athermal structure could be designed reasonably through reasonable combination of materials
with different thermal properties. Method of solving the initial structure and optical software optimization
was introduced based on the analysis of Offner structure principle. A push broom imaging spectrometer
with 3—5 wm spectral range was designed by this method, and its operating temperature range is from
—-40 C to 100 C depending on the achromatic optimization. The spectrometer has good spectral
performances, the dispersion spot diameter of which is less than 30 wm in the full field of view. The
spectrometer’s transfer function value is greater than 0.35 at the spatial cutoff frequency of 16.7 lp/mm,
and its spectral resolution is less than 15.6 nm.
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Fig.1 Principle of mid-infrared imaging spectrometer structure
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Fig.2 Offner structure principle

Yl AR AR Ry
__h
k= mgAA )
AL BB R S8 101 g,
R\=R;=2R, (5)
YA S T AR
sing—sinf=mA, (6)
EBRA 6 N
-0
IR o N
-
p1= 2 (8)
ASPOCAR R H 4
H,=sin6,-R, 9)

1104004-3



9Nk TAE

%11 4 www.irla.cn % 46 &
NS R H, 5 oretartn] .| 0
H,=sing, - R, (10) f
225 Py S SN 3 527 N - _
RBMEIE PR S, H . 2 ;}/j;ﬂ*ﬁ*ﬂ‘
B=—2 (11) ‘
gmR; BT A 2T AR BRAZ OB TS TAE B [ R

£ L i, Offner 14) 4 25 K ] LA i IR 141 3 i
7N SR AR AR E

Spectral Wavelength Grating Incident
detector range angle
[ ont ] [ 8a ] [ em ]
| [ ] I |
[ ] [
Formula (4) Formula (6)
Formula (8)

Formula (11) | Formula (10) Formula (9)

Pl 3 Offner 446 45 F4) SR fif Ui 7

Fig.3 Solution procedure of initial Offner structure
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Tab.1 System parameter requirements

Parameter Value
Spectral wavelength/pwm 3-5
Pixel size/pm 30
Spectral width/mm 3.84
Image length/mm 4.8
Slit length/mm 4.8
Slit width/pm 30
Grating density/lines - mm™ 40
Grating order +1
Focal length/mm 20
F number 5
Field angle/(°) 13.8x0.1
Spectral resolution/nm 15.6
Temperature range/C -40-100
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Tab.2 Initial structure parameters of Offner

Parameter Value
0/(°) 30
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0,/(°) 15
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Ry/mm 48
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H,/mm 24.85

H,/mm 33.86
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Fig.5 Offner spectral structure
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Fig.6 Offner spectrometer structure after thermal elimination
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Fig.12 Mid-infrared imaging spectrometer
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