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Analysis and Suppression of Stray Radiation in Uncooled Thermal Infrared
Imaging Spectrometer
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Abstract The uncooled thermal infrared imaging spectrometer with small size, low cost, and long life has great potential
for detecting high-temperature targets, but its severe internal noise will reduce the detection sensitivity. The main noise of
uncooled thermal infrared imaging spectrometer includes the detector noise, the noise caused by the stray light from the
surface of the opto-mechanical component, stray light noise generated by the non-working order of the grating, and the
background radiation noise of the opto-mechanical component. The noise equivalent temperature difference (NETD)
formula containing the above noise is derived. Taking the Offner thermal infrared imaging spectrometer as an example, the
relationship among NETD, the F number of the system, and the optical properties of the inner surface of mechanical
components is analyzed. Then, the ability of opto-mechanical surface polishing to suppress the internal background
radiation noise of the spectrometer is studied. Finally, the linear relationship between pixels is used to remove the
remaining noise, so that the detection signal is basically consistent with the target signal.

Key words instrumentation; uncooled infrared imaging spectrometer; internal thermal radiation; stray radiation

suppression; noise equivalent temperature difference; surface polishing
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Table 1 Parameter indexes of spectrometer

Parameter Value
F number 2
Focal length //mm 60
Wavelength /pm 7-14
Spectral resolution /nm 100
Pixel size /pm 25
Field of view /(%) 3.48

Image size(mm X mm) 3.84X1.75

W TR o H bR Sk AHT S T R S8R 3R] Y
BEE A | 38 1 BEEE () R 5T 28 0 O R G B 2 LR AE IR 2%
b W E B RGeS S B A, Hoh 5
M1 A =458 M3 AR BRI B, Bt M2 9 BR800t &
G b — JL ORI BRTET S 5055 5 2 ARDRT B o7 T DG 1
FEIEA B ARARF S 135 mm X 150 mm X 40 mms

1 OO
Fig. 1 Light path diagram of spectrometer
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Table 2 Parameters of uncooled infrared focal plane array"”
Parameter Value Parameter Value
Image array size (x,Xx,) 384X 288 Thermal capacity C 4.34 X 107"
Pixel area A /m’ 6.25 X 107" Thermal conduction G /(W-K ) 5X107°
o AP L
Pixel fill factor B 0.7 Temperature contrast AT (W-K '*m?) 2.426
Bias voltage Uy, /V 2 Boltzmann constant £ /(J-K ") 1x10 %
Absorption i length f7-14
Image read-out frequency f; /Hz 50 SOTPHON M Waveiengii range o pm 0.90
€714
Transmission of system in wavelength range of . . ) . »
0.7 Uniformity correction frequency /, /Hz 1.66 X 1077
7-14 pm ¢,
1/fnoise constant K /m’ 4.0x 107" Resistance R/Q 2.6 X 10*
Volume of vanadium oxide material v /m’ 3.5X 107" Temperature coefficient of resistance « 0.02
Total noise voltage of ROIC Ve /V 1.4 x10°° Infrared modulation frequency w /Hz 30
Bolometer temperature T /K 300 Input referred noise voltage of ROIC V., /V 0.8 X 10°
Noise voltage of each analogue-to-digital converter - Current noise from ROIC input including .
5.7X 1077 . 8.0 X 10
Ve /V bolometer bias current source Iy /A
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Table 3 Optical properties of system components

Treatment method

Component

Brighten surface

Blacken surface Surface with black nickel

Balffle (300 K) Vanes Reflectivity: 0. 98, absorptivity: 0. 01, scattering rate: 0. 01
M1
M2 Reflectivity: 0. 95, absorptivity: 0. 03, scattering rate: 0. 02
M3

Foreoptics (300 K)

Reflectivity: 0. 94,
absorptivity: 0. 05,

Mechanical wall

scattering rate: 0. 01

Reflectivity: 0. 05,
absorptivity: 0. 90,

Reflectivity: 0. 40,
absorptivity: 0. 20,

scattering rate: 0. 05 scattering rate: 0. 40

Slit (193 K)

Reflectivity: 0. 05, absorptivity: 0. 90, scattering: 0. 05

Spherical mirror

Reflectivity: 0. 95, absorptivity: 0. 03, scattering rate: 0. 02

Convex grating

Reflectivity: 0. 90, absorptivity: 0. 10

(order: 1,grating constant: 0. 74 mm)

Spectrometer (300 K)

Absorptivity: 0. 05,
reflectivity: 0. 94,

Mechanical wall

scattering rate: 0. 01

Absorptivity: 0. 90,
reflectivity: 0. 05,

Absorptivity: 0. 20,
reflectivity: 0. 40,

scattering rate: 0. 05 scattering rate: 0. 40

4 BRSBTS

Table 4 Analysis result of stray radiation

) ) Stray radiation of blacken
Stray light source .,
surface /(W-mm ?)

Stray radiation of surface with

Stray radiation of polished

black nickel /(W +mm™?) surface /(W+-mm™?)

Foreoptics 3.930x10°"°
Slit 7.940X 1077
Spectrometer 1.710x 107"
Grating 7.820X1077

5.330x10" 9.362x10""
1.570X<10°° 4.370x10°°
1.290x 107" 5.910X107°
2.830X10°° 1.160X10°°
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