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Abstract: Dual band-pass filter can simultaneously form two spectral channels to transmit at any position of the
element, so as to realize simultaneous detection of dual spectral channels. In this paper, an infrared dual band-pass
filter used at 100 K temperature was developed. Sapphire (Al,0;) was used as substrate, and Ge and SiO were
used as high (H) and low (L) refractive index thin films respectively. An infrared dual band-pass filter combined
with a shorter wavelength channel (2.60-2.85 pm) and a longer wavelength channel (4.10-4.40 um) was designed
and fabricated. Based on Fabre-Perot (F-P) filter structure, Ge and SiO thin films were deposited by electron beam
evaporation and resistance thermal evaporation on the two sides of the substrate. At the working temperature
(100 K), the filter transmittance of shorter channel is 91.2%, and the top ripple amplitude is 2.1%; the average

transmittance of longer channel is 87.7%, and the top ripple amplitude is 3.8%. Between the two channels
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(wavelength 3.00-3.95 um), the cut-off depth is less than 0.1%. The optical performance of the infrared dual band-

pass filter can meet the spectral requirements and contribute to more accurate infrared remote sensing and detection.
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Tab.1 Optical and mechanical properties of Ge, Si,
ZnSe and sapphire

Transparent Young's Linear expansion

Reiféz(;zve wavelength/ modulus/ coefficient/

pm N-'m? °C
Ge 4.0 2.0-12.5 10.3x10" 5.5x10°°
Si 34 14-8.0 13.1x10" 4.2x10°
ZnSe 2.4 0.8-14.0 5.4x10" 7.1x10°
Sapphire ~ 1.75 0.2-5.0 34.5x10" 6.7x107
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Tab.2 Preparation parameters of Ge and SiO layers

Substrate temperature/ Evaporation rate/ Vacuum pressure/

°C At 10*Pa
Ge film 250+5 6+2 6-8
SiO film 250+5 15+3 6-8
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Fig.l Transmission spectrum of Ge single layer film at 300 K and 100 K
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Fig.2 Transmission spectrum of SiO single layer film at 300 K and
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Fig.3 Refractive index fitting curves of Ge single layer film at 300 K

and 100 K temperature
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Fig.4 Refractive index fitting curves of SiO single layer film at 300 K

and 100 K temperature
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Fig.5 Designed transmittance curve of the short-wavelength band-pass

filter
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Fig.6 Designed transmittance curve of the short-wavelength band-pass
filter with transmitted longer band at 100K and 300K
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Tab.3 Refractive index of Ge and SiO single layer
film at 300 K and 100 K temperature

300K 100 K
Ge film 4.05 3.97
SiO film 1.78 1.77
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Fig.7 Transmission spectrum of the shorter band-pass filter film when
the optical thickness of the spacer layers are increased by 1%, 2%

and 3%, respectively
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Tab.4 Designed optical properties the shorter band-
pass filter film at 100 K and 300 K temperature

100 K 300K

Average transmittance 7, 92.0% 89.9%
Ripple amplitudes A 1.1% 5.5%
Left edge steepness g;. 1.1% 1.2%
Right edge steepness g 1.8% 2.0%
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Fig.8 Transmittance curves of the designed middle-wavelength band-
pass filter with transmitted shorter band at 100 K and 300 K

temperature
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Fig.9 Designed spectrum of the dual band-pass filter at 100 K and

300 K temperature
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Fig.10 Simulated monitor curve of single-wavelength POEM at 2 020 nm for the shorter band-pass filter film
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Fig.11 Measured transmittance spectra curves of the short-wavelength

band-pass filter film at 100 K and 300 K temperature
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Fig.12 Measured transmittance spectra curves of the middle-wavelength

band-pass filter film at 100 K and 300 K temperature

2.0 2.5 3.0 35 4.0 4.5 5.0
Wavelength/pum

P 13 XGHEIEE 76 100 K 1 300 K 5T B2 5 i 2k
Fig.13 Measured spectra transmittance curves of the dual band-pass
filter at 100 K and 300 K temperature
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Tab.5 Top ripple amplitudes and edge steepness of the

shorter and the longer channel

Top ripple  Left edge Right edge
amplitude  steepness steepness
Short-wavelength channel o o o
(2.60-2.85 um) 2.1% 1.6% 2.3%
Middle-wavelength channel 3.8% 1.3% 1.4%

(4.10-4.40 um)

3R 6 300~100 K f&i5 1 72 H 2K A0 B E R F T R
RHREBE

Tab.6 T,sp position shift value of the shorter and the

longer channels while temperature reduces

from 300 K to 100 K

Left T, sp position  Right 7} sp position
shift value shift value/nm

Short-wavelength channel
(2.60-2.85 pm)
Middle-wavelength

channel -29 -36
(4.10-4.40 pm)

48 40
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Fig.14 Sensitivity of each layer in the shorter band-pass filter
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Fig.15 Transmission spectrum curves of the shorter band-pass filter film
when random errors of 1%-3% introduced into the 5%, 10", 15"

and 19" layers
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