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Research on Infrared Anti—reflection Thin Film Devices with
Compatibility of Electromagnetic Shielding

WANG Jian, XU Jun—qi, SU Jun-hong, LI Yang, SHI Yun-yun
(Shaanxi Province Thin Film Technology and Optical Test Open Key Laboratory, Xi'an Technological University,
Xi'an 710021, China)

Abstract: Photolithography mask and thermal evaporation deposition technology were used to fabricate a
thin film devices compatible with electromagnetic shielding infrared window, which could realize the device
to possess the efficient anti-reflection of infrared signals in the band of 3~5 pm and shield electromagnetic
signals in the frequency band of 12~18 GHz. The cross—sectional symmetric metal grid microstructures
which met requirements were prepared on the double—sided polished Si substrate by photolithography mask
and vacuum thermal evaporation deposition technology, the highly efficient anti-reflection infrared in the
3~5 pm band was prepared by ion beam assisted electron beam thermal evaporation deposition technology.
In order to improve the transmittance of the metal grid further, an infrared anti-reflection film was
deposited on the metal grid coating with a cycle g of 550 um and different line widths. Results show that the
peak transmittance of the infrared anti-reflection film at 3~5 pm is 99.8% and the average transmittance is
99.3% through the measurement of vacuum Fourier infrared spectrometer. The electromagnetic shielding
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effectiveness in the 12~18 GHz frequency band of the metal grid was measured by vector network
analyzer, and obtained the overall electromagnetic shielding efficiency of the compatible
electromagnetic shielding infrared window thin film device in the 12~18 GHz band is better than 27 dB,
the peak transmittance in the 3~5 pum infrared band is 86.3% , and the average transmittance is
86.1%. On the premise of ensuring the electromagnetic shielding efficiency is unchanged (=27 dB),
the transmittance of the metal grid films has increased by 37.6% (the grid cycle g is 550 pm, line
width 2a is 30 pm). The improvement of shielding efficiency can be achieved either by adjusting the
cycle and line width of the grid, or selecting a substrate material with lower resistivity.

Key words: Electromagnetic shielding; Infrared; Vacuum thermal evaporation; Metal mesh; Anti-

reflection film; Transmittance; Shielding effectiveness
OCIS Codes: 310.1210; 310.6188; 310.6870
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Table 1 Photolithography process parameters of the grid

Craftsmanship Time/s Temperature /°C
Ultrasonic cleaning 600(10 min) 60
) ) 12(low speed 800 r/min) 25
Spin—on photoresist ) )
20(high speed 2 000 r/min) 25
Bake 90 90
Exposure 15 25
Development 15 25
MR ITZ EENEE S RN CBWP R X0 ¢ N T B DU E SR [P Re T X7 ¢
(a) g=550 pm, 2a=30 pm (b) g=550 um, 2a=40 pm
(c) g=550 um, 2¢=50 pm (d) g=500 pum, 2¢=100 pm

1 100Xt 8 4T WO 4 A
Fig.1  Microstructure of grid under 100X optical microscopy
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Table 2 Shows the metal film preparation process

. . . ) Vacuum degree of  Deposition rate/
Film material ~ Temperature/C Evaporation method Beams/mA

work/( X 107" Pa) (nmes™")
Cu . 100 0.53
120 Electron beam evaporation heat 1.0
Cr 30 0.34
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(a) 25% optical microgrid microstructure (b) 100x optical microgrid microstructure

W2 &8 RS ESAE A

Fig.2  Microstructure of metal grid film
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Fig.3 Matrix method for solving multilayer films
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Fig.4 Simulation curve of infrared antireflection coating in 3~5 pm band
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Table 3 Thin film preparation process parameters

Vacuum degree of  Deposition rate/

Film material ~ Temperature/C Evaporation method Beams/mA )
work/( X 10 *Pa) (nmes™ ")
ZnSe ) 0.23
170 Electron beam evaporation heat 30 1.0
BaF, 0.97
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Fig.5 Transmittance-shielding efficiency test curve of metal grid
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Fig.6  The measured curve of infrared antireflection coating in the 3~5 pm band
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Fig.7 Structure diagram of thin film device compatible with electromagnetic shielding infrared window
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Fig.8 Transmittance—electromagnetic shielding effectiveness of thin film device
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Table 4 Comparison of transmittance before and after the infrared antireflective coating on the metal grid

Line width 2a/pm 20 30 40 50
Average transmittance before antireflection coating/ % 50.3 48.5 46.1 45.0
Average transmittance after antireflection coating/ % 91.8 86.1 84.3 80.6
Increment A/ % 40.5 37.6 38.2 35.6
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Table 5 Electromagnetic shielding effectiveness of electromagnetic shielding infrared window film devices

2a/pm
M20 M30 M40 M50 S20 S30 S40 S50
SE/dB
Si substrate 4.2 4.2 4.2 4.2 23.0 23.0 23.0 23.0
Film 16.6 17.0 19.4 20.5 27.9 29.0 29.8 33.1
Metal mesh 12.4 12.8 15.2 16.3 4.9 6.0 6.8 10.1
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