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Wavelength calibration for miniature fiber optical spectrometers
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( 1. College of Electronics and Information Engineering Sichuan University Chengdu 610064 China; 2. Research Center of La-
ser Fusion Chinese Academy of Engineering Physics Mianyang 621900 China; 3. Institute of Applied Electronics Chinese A—
cademy of Engineering Physics Mianyang 621900 China)

Abstract: In order to improve the measurement accuracy of the miniature fiber spectrometer a complete calibration scheme
was obtained based on the standard emission spectrum of mercury and argon lamp and three-order linear fitting of the least
squares. Calibration results show that the arithmetic mean error is less than 0. 167nm standard deviation is less than 0. 217nm
and the fitting related degree is high. Test results show that after calibration the wavelength uncertainty is better than the
0. 11nm the error is less than 0. 15nm and the wavelength repeatability can reach 0.0lnm. This result is beneficial for
improving the measurement precision of spectroin the practical applications.
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Fig.3 Emission spectrum of mercury and argon lamp

Table 1

Standard wavelength and ordinal numbers of CCD’ s pixels

Table 3 Error analysis of difference order fitting wavelength

average number

of CCD pixels

standard wave—

length A, /nm

average number

of CCD pixels

standard wave—

length A, /nm

90.0
275.6
290.6
424.0
957.4
1108.4
1118.8
1713.4
1766. 4
1873.8
1932.6

365.01
404. 66
407.78
435.84
546.08
576.96
579.07
696. 54
706.72
727.29
738.40

1998. 4
2065.
2112.
2233.
2268.
2323.
2405.
2493.
2547.
2887.
2945.

0 A B~ 00 B~ 00 00 B~ 00 A

750.39
763.51
772.4
794.82
800. 62
811.53
826.45
842.26
852.14
912.30
922.45

Table 2 Difference order fitting wavelength and its difference value compare

with standard wavelength

the third the second the first the third the second the first
fitting fitting fitting A, —A; fitting fitting fitting
waveleng— waveleng— waveleng—  /nm error error error
th/nm th/nm th/nm /nm /nm ( A /nm
365.04 364.67 372.81 0.04 0.03 0.34 ~F7.8
404.53  404.52  409.21 0.11 0.13 0.14 4.55
407.7 407.72  412.15 0.12  0.08 0.06 4.37
435.7 436.03  438.31 0.09 0.14 0.19 2.47
545.93  546.65 542.92 0.19 0.15 0.57 3.16
576.74  577.22  572.53 0.16 0.22 0.26 4.43
578.96  579.31  574.57 0.2 0.11 0.24 4.5
696.47  696.38 691.18 0.15 0.07 0.16 5.36
706.69  706.57  701.58 0.11 0.03 0.15 5.14
727.2 727.09  722.64 0.06 0.09 0.2 4.65
738.43  738.25 734.17 0.16 0.03 0.15 4.23
751.3 750.69  747.08  0.37 0.91 0.3 3.31
763.54  763.28  760.21 1.84 0.03 0.23 3.3
772.34  772.15 769.51 0.16 0.06 0.25 2.89
794.85 794.58 793.16 0.15 0.03 0.24 1.66
801.31 801.12  800.11  0.45 0.69 0.50 0.51
811.42  811.25 810.89 0.25 0.11 0.28 0.64
826.41  826.19 826.89 0.16 0.04 0.26 0.44
842.36  842.28 844.23 0.02 0.10 0.02 1.97
852.09 851.98 854.75 0.11  0.05 0.16 2.61
912.08 912.52 921.42 0.30 0.22 0.22 9.12
922.09 922.75 932.88 0.17 0.36 0.30 10.43

order arithmetic variance standard
mean difference/nm /nm deviation/nm
1 3.979 6.336 2.517
2 0.237 0.015 0. 121
3 0. 167 0. 047 0.217
3 1
3
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Table 4 Measurement result for specific spectral

peak emission spectrum

He-Ne laser mercury lamp 1 mercury lamp 2

standard wavelength/nm 632. 80 435.58 546. 08
the first measurement/nm 632. 67 435.54 545.98
the second measurement/nm  632. 69 435.62 546.01
the third measurement/nm 632.70 435.59 545.93
AN g 0.13 0.04 0.15
A 0.11 0.03 0.11
0.01 0.04 0.11
4
3
o 0. 167nm
0.217nm .
0. I1nm 0. 15nm
0.0lnm
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