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Abstract The standard spherical lens mounted in the Fizeau laser interferometer can usually be used only at a
specific wavelength. This paper presents a method to change the working length of the standard spherical lens by
adjusting the lens interval inside it, and two types of wavelength-variable standard spherical lenses are designed by
using this method, in which the caliber is 19.05 mm and the aperture coefficients are 5.6 and 8, respectively. The
reference wavefront quality of the standard spherical lens at each target wavelength meets the design requirements.
The tolerance is analyzed to ensure that the standard spherical lens possesses practical machinability. The
mechanical structure is designed according to the assembly and working principle of the wavelength-variable standard

spherical lens and an experimental standard spherical lens with aperture coefficient of 8 is developed. The peak-
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valley(PV) value of the transmitted wavefront under a standard 632.8 nm laser interferometer is less than A/10 @,

incident wavelength) and the actual processing error of the lens is within the tolerance range. The multi-wavelength

laser interference device and the experimental standard spherical lens are used to measure the surface shape of the

same spherical element. The measurement results under five wavelengths are basically the same. The experimental

results show that the wavelength-variable standard spherical lens can be used for actual detection. The research and

development of this kind of wavelength-variable standard spherical lens can save inspection costs, improve the

utilization rate of standard lenses in laser interferometry, and it has high engineering application value.

Key words imaging systems; optical design; standard spherical lens; variable wavelength; Fizeau interferometer;

surface profile measurement
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Fig. 3 Structural diagrams of multi-wavelength standard

spherical lens. (a) F,=5.6; (b) F, =8

0811004-3



$£58%5 £ 8HI/2021 £4 A/BAEREFFHE

Wavefront Wavefront

0 0
-2.93x107° -2.93x10°
-5.86x10 -5.86x10
-8.79x10 -8.79x10°
~0.01170 -0.01170
~0.01465 -0.01465
-0.01760 -0.01760
~0.02050 ~0.02050
—0.02344 —0.02344
~0.02637 -0.02637
~0.02930 ~0.02930

K4 FRUESESKTE 532 nm FAYEATAl. (a) F,=5.6; (b) F, =8
Fig. 4 Wavefront maps of standard spherical lens at 532 nm. (a) F,=5.6; (b) F, =8
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Table 1 Working wavelengths of standard spherical lens with F;, =5. 6 and corresponding intervals

Wavelength /nm 532 561 632.8 671 721 1064

Interval /mm 0.61 1. 20 2.37 2.86 3.41 5.84

2 F, =8 Mk R B Sk 8 LA 5 00 0 B 18] B

Table 2 Working wavelengths of standard spherical lens with F';, =8 and corresponding intervals

Wavelength /nm 532 561 632.8 671 721 1064

Interval /mm 1. 30 2.39 4.52 5.42 6.43 10. 86
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Fig. 5 Wavefront maps of standard spherical lens with F'; =8 at other 5 wavelengths. (a) 561 nm; (b) 632.8 nm;
(c) 671 nm; (d) 721 nm; (e) 1064 nm
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Table 3 Interval tolerance analysis at each working wavelength of standard spherical lens with F, =5.6
Wavelength /nm 532 561 632.8 671 721 1064
Upper limit position /mm 0.579 1.173 2. 339 2.831 3. 381 5. 809
Wavefront aberration /nm 58. 89 58. 74 59. 17 58.91 58.62 59. 48
Standard position /mm 0.610 1. 200 2.370 2. 860 3.410 5. 840
Wavefront aberration /nm 31.33 27.04 30. 44 28.38 28.41 28. 94
Lower limit position /mm 0.632 1.226 2.393 2. 885 3.435 5. 865
Wavefront aberration /nm 59. 64 59. 24 59. 36 59. 25 59. 05 59. 16
Tolerance /pm 53 53 54 54 54 56
B4 F, =8 RRIERR I Bk 1A TR K F B W 4R b
Table 4 Interval tolerance analysis at each working wavelength of standard spherical lens with F;, =8
Wavelength /nm 532 561 632.8 671 721 1064
Upper limit position /mm 1.226 2.314 4,444 5.342 6. 345 10. 780
Wavefront aberration /nm 59.32 59.91 59.99 59.72 59.99 59. 48
Standard position /mm 1. 300 2.390 4.520 5.420 6. 430 10. 860
Wavefront aberration /nm 16.92 16. 44 16. 39 15. 50 15.72 14. 47
Lower limit position /mm 1. 383 2.473 4.605 5.503 6.507 10. 945
Wavefront aberration /nm 59. 74 59. 91 59. 99 59.72 59.55 59.58
Tolerance /pm 157 159 161 161 162 165
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Fig. 6 Mechanical design scheme of multi-wavelength standard spherical lens. (a) Structural diagram; (b) sectional view
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Fig. 8 Physical object of wavelength-variable standard

spherical lens
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Fizeau laser wavelength-variable hight-precision

interferometer standard flat standard reflective
(632.8 nm) mirror spherical lens  spherical mirror
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Fig. 9 Principle diagram of standard spherical lens

transmitted wavefront measurement
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Fig. 10 Result of standard spherical lens transmitted

wavefront measurement
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Fig. 12 Surface profile measurement results under different wavelengths. (a) 532 nm; (b) 561 nm; (c¢) 632.8 nm;

(d) 671 nm; (e) 721 nm; (f) 3D figure
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Fig. 13 Schematic of coincidence error
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