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Design and Fabrication of Near-infrared Narrow-band Filters with
Wide Rejection Band
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Abstract: In order to meet the special requirements for filter coating of the space optical communication
system, a narrow-band filter with high rejection in near-infrared band was prepared. The filter can reduce
the interference of the stray light perfectly in the range of deep background. Through analyzing the
characteristics of the coating materials, continually optimizing the film system design curve, an easily
prepared narrow-band filter film structure was obtained. Thin films were prepared through electron beam
evaporation method and ion-assisted deposition technique, and the thickness of the filter was controlled
using crystal-controlled and light control monitoring methods at the same time. By continually optimizing
technical parameters, the transmittance of the central wavelength increased, and the filter membrane
with better spectral performance was obtained successfully. After the spectrum testing, the average
transmittance of the filter is lower than 0. 3% at the band of 800~1 530 nm and 1 600~1 800 nm, the
transmittance at 1 565 nm is higher than 92% and the full-width at half maximum of the filter is 18 nm,
and the technical requirements of the optical system are satisfied.

Key words: Optical films; Narrow-band filter film; Vacuum coating; Ion-beam assisted deposition;
Optical character; Film system design; Thickness monitor
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Table 1 Technical index requirement for 1 565 nm
narrow-band filter
FWHM/ nm 1742
Center wavelength/nm 1565+3
Peak transmission >92%
Outside-pass band transmission <0.3%

Cut-off region/ nm 800~1 530.1 600~1 800
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Table 2 The character of some commonly used

materials of near-infrared

Materials Transparent band/pm  Refractive index/pm
ZrQ, 0.3~12 1.95(1 565 nm,200C)
H, 0.36~7 1.96(1 565 nm,200C)
Ta, O 0.35~10 1.97(1 565 nm,200C)
TiO, 0.3~10 2.17(1 565 nm,200C)
SiO, 0.2~9 1.44(1 565 nm,200C)
MgF, 0.11~10 1.35(1 565 nm,200°C)
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Fig. 1 Spectral transmittance of the multiple cavity

narrow-band filter
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Fig. 2 Spectral transmittance of the ultra-broadband
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Fig. 3 Spectral transmittance of interference cut-off filter
designed by TiO, and SiO,
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Fig. 4 Spectral property of interference cut-off filter

designed by Si and SiO,
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Table 3 Design parameters of the narrow band filter

Layers-Front Layers-After

Film The multiple cavity Interference
structure narrow-band filter(Fig,1) cut-off filter(Fig. 4)
Materials TiO, and SiO, Si and SiO,
Reference

1 565 nm 1 160 nm
wavelength
Physical 8. 27 5 97
thickness et pm et pm
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Spectral transmission of the 1 565 nm filter
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Table 4 Size of the material’s tooling

Material Size of tooling
TiO, 111%
SiO, 99. 6%

Si 77.1%
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Fig. 6 Materials of the residual evaporation amount
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Table 5 Parameter of ion assisted deposition technique

Ttem Value
Vacuum/pa 3.0X107°
Polar voltage/V 270
Accelerating voltage/V 220
Anode voltage/V 50
Neutral current/A 15
Ton beam current/mA 30
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Fig. 7 Measured transmittance curve of the multiple cavity

narrow-band filter
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Fig. 8 Measured transmittance curve of the interference
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Table 6 Comparison of theoretical curve and measured curve

Multiple cavity

narrow-band filter

Filter coated on

both sides

The interference

cut-off filter

Theoretical transmittance at 1 565 nm/ % 95.70 95. 80 98. 66
Measured transmittance at 1565nm/ % 92.75 94. 20 94. 58
Theoretical average transmittance of outside-pass band/ % 0.03 0. 06 0.15
Measured average transmittance of outside-pass band/ % 0.218 0.185 0. 254
Theoretical FWHM/nm 17 \ 17
Measured FWHM/nm 18 \ 18
0131002.
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