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Optical parameters measurement of infrared filter

based on envelope-full spectral fitting inversion method
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Wuxi 230000, China)

Abstract: The high performance measuring methods to measure the optical parameters of infrared band-
pass filter with complex multilayer were significantly important to improve the design and technology of
the infrared filter development. Firstly, the traditional spectral measurement methods were fully analyzed,
and an envelope-full spectral fitting inversion method was proposed. The basic idea, physical model and
optimization algorithm of the new method were discussed in detail. Secondly, a technique for fabricating
a single-layer film and infrared filter with high transmittance and wide cut-off medium-band bandpass in
the 2 000—8 000 nm spectral range was designed, and the experiments to compare the difference between
the actual spectrum and the spectrum calculated with the optical parameters measured by the new method
were performed. The results show that the new method not only has very high precision performance, but

also can identify the quality of the film process and can determine the dispersion of the film by the
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measurement results. The another set of experiments on the measurement of optical parameters of infrared

filter illustrates that, compared with traditional full spectrum fitting inversion method, the new method not

only has high—precision measurement results, but also can quickly and accurately locate the divergence

between the actual plating thickness and the design thickness with the measured optical parameters, then a

better high—performance infrared filter was developed.
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Fig.1 Transmission spectrum curve of medium wave infrared filter
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Tab.1 Fitting constants of two materials’ refractive

index and extinction coefficient

Fitting constants Ay A, A, B, B,

. ZnS  2.2856 0
Fitting

0.74575 0.0001128 7.9353

results
Ge 4.1924 0.45105 0.43969 0.0002179 8.0137
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Fig.2 Refractive index and extinction coefficient of the ZnS film

vs wavelength
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Fig.3 Refractive index and extinction coefficient of the Ge film

vs wavelength
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Tab.3 Thickness measurement results of long wave

pass film in medium wave infrared filter

Tab.2 Thickness measurement results of short wave Full F“VC'
ope-full
pass film in medium wave infrared filter Design SPe,Ctral . spectral )
. . fitting Relative . . Relative
Layers Material thickness . . fitting
Enve- mversion error . . error
Full /nm R inversion
lope-full thickness .
. spectral thickness
Design .. . spectral . /nm
. . fitting  Relative .. Relative /nm
Layers Material thickness . k error fitting error
S. 0 [
/am ln.VSFSI({n inversion 1 Ge 109.18  110.47 1.18% 109.53  0.32%
thl/CkﬂebS thickness 2 ZnS  277.38  280.36 1.07% 278.57 0.43%
nm /nm 3 Ge  141.88 143.50 1.14% 142.39  0.36%
4 ZnS  277.95 280.93 1.07% 279.14 0.43%
1 ZnS  659.95 662.28 0.35% 660.89  0.14%
5 Ge 161.97 163.79 1.12% 162.58 0.38%
2 Ge 303.13  305.32 0.72% 304.21 0.36% 6 ZnS  325.57 329.03 1.06% 327.00 0.44%
7 Ge 163.87 165.71 1.12% 164.49 0.38%
3 ZnS  527.66 522.68 0.94% 525.12 0.48% 3 70 34027 343.87  1.06% 34177 0.44%
4 Ge  303.48 300.75 0.90% 302.06 0.47% 9 Ge  154.67 15641 1.13% 155.24 0.37%
10 ZnS  296.89 300.06 1.07% 298.18 0.43%
5 ZnS  506.07 501.31  0.94% 503.64 0.48% 11 Ge 16094 16275 1.19% 16155 0.38%
6 Ge 286.56  283.99 0.90% 28523  0.47% 12 ZnS  332.66 336.18 1.06% 334.12 0.44%
13 Ge 174.16  176.11  1.11% 174.84  0.39%
7 ZnS 51254 507.71 0.94%  510.08  0.48% 14 ZnS  318.39 321.78 1.06% 319.78  0.44%
8 Ge  287.33 284.76 0.90% 285.99 0.47% 15 Ge  163.19 165.03 1.12% 163.81 0.38%
16 ZnS  304.74 307.98 1.07% 306.06 0.43%
9 ZnS 508.75 503.96 0.94%  506.31 0.48% 17 Ge 164.81 166.65 1.12% 165.43  0.38%
10 Ge 98104 97042 0.80%  980.63  0.46% 18 ZnS  314.99 318.34 1.06% 316.36  0.44%
19 Ge 161.34 163.15 1.12% 161.94 0.38%
11 ZnS 51768 512.80 0.94% 515.19  0.48% 20 ZnS  343.06 346.69 1.06% 344.58 0.44%
21 Ge 166.50 168.36  1.12% 167.13  0.38%
12 Ge  279.39 276.90 0.89% 278.09 0.46%
22 ZnS  323.01 326.44 1.06% 324.42 0.44%
13 ZnS  503.47 498.74 0.94% 501.05 0.48% 23 Ge 153.33  155.06 1.13% 153.90 0.37%
24 ZnS  300.05 303.15 1.02% 301.35 0.43%
(%)
14 Ge ~ 290.13 287.53  0.90%  288.78  0.47% 25 Ge 171.20  173.01 1.05% 171.86 0.38%
15 ZnS  512.09 507.27 0.94% 509.63  0.48% 26 ZnS  311.77 31498 1.02% 313.12  0.44%
27 Ge 151.21 152.82 1.05% 151.76  0.37%
16 Ge 27315 270.72 0.89% 271.88 0.46% 28 ZnS  248.92 251.51 1.03% 249.96 0.42%
17 7Z0S  515.96  511.10 0.94% 513.48 0.48% 29 Ge 102.56 103.69 1.09% 102.88 0.30%
30 ZnS  181.71 183.62 1.04% 182.41 0.39%
18 Ge 286.72 284.15 0.90% 285.39 0.47% 31 Ge 118.79 120.08 1.07% 119.19 0.33%
-
19 7nS 51391 509.07 094% 51144  0.48% 32 ZnS 25296 255.59 1.03% 254.03 0.42%
33 Ge 118.72  120.01 1.07% 119.12 0.33%
20 Ge 282.55 280.02 0.89% 281.24  0.46% 34 ZnS  219.68 221.97 1.03% 220.57 0.41%
3! A 43 1.10 69 0.2
21 ZnS  504.11 499.37 0.94% 501.69 0.48% 3 Ge 8746 88.43 0% 87.69  0.21%
36 ZnS 20454 206.68 1.04% 205.36 0.40%
22 Ge  283.64 286.05 0.90% 287.30 0.47% 37 Ge 118.76  120.05 1.07% 119.16 0.33%
38 ZnS 25848 261.17 1.03% 259.57 0.42%
23 ZnS  530.84 525.83  0.94% 528.29 0.48% )
39 Ge 01.15 92.16 1.10% 91.41 0.28%
24 Ge 291.81 289.19 0.90% 290.45 0.47% 40 7ZnS 210.35 212,55 1.04% 211.20 0.40%
41 Ge 82.01 8293 1.11% 82.22 0.26%
.
2 ZnS - 51139 50237 1.76% - 507.89 0.68% 42 ZnS  232.64 235.06 1.03% 232.03 0.26%
26 Ge  275.21 272.01 1.16% 273.63 0.57% 43 Ge  290.67 285.67 1.75% 287.12 1.24%
a4 ZnS  252.87 24935 1.41% 250.83 0.81%
27 ZnS  285.41 275.36  3.52% 280.22 1.82% 45 Ge 5154 48.00  7.38%  49.80  3.50%
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Fig.6 Comparison of spectral spectra and inversion calculated

spectra of medium wave infrared filter

2.3.2 LLAPIER B AR 0GR A T H

LT AU R B it R, — R uk e s b SR
LR 5 2 SR U2 HR 2 5 BE AR X B0 Y DR E 2
JIN T JBE JBE 5% 25 B 43 50 W L A O R L BRI R 2.3
A — 4 3 D S 1) U O R A5 B2 TR R S R A I R 22
AU EEE R 5 A RN MR S TR B AR R iR 22
BRI AR A — 4 9k U i 11 98 0 e 4% 2 5 B
JEEAB IE 5% 22 5K SRR | PR IEAT IS R B OR N
RN O EAW N v I o i N I e T A
mE 7 iR,

100%

—— Initial measurement transmission
--~- Inproved calculation transmission
95%[

90%| f \

85%[ f ‘

Transmission T

80%r ‘ ‘

; ) L Foail | i \ L F
3200 3400 3600 3800 4000 4200 4400 4600 4800

Wavelength/nm

75%

T 7 Bt IR £ A g e R 92 A RO 1 S 0 T L
Fig.7 Comparison of improved infrared filter measured
transmittance spectrum and front measured

transmittance spectrum
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