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Interferometric testing of convex freeform surface in industrial lens
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Abstract: Industrial lens elements have small aperture, large quantity and high precision requirements. Using
free-form surface on the convex surface of lens will lead to complex surface shape and large deviation, which
poses a high challenge of surface testing. An interferometric testing based on CGH was proposed. By using the
Zemax software, we optimized the optical design, established the model to analyze the influence by the
calibrating errors of industrial lens, and proposed an interferometric testing scheme of industrial lens. An
experiment by testing a freeform surface of industrial lens was provided to demonstrate the reliability of the
model and scheme. The experimental results show that CGH can realize the full aperture interference testing of
convex free-form surface industrial lens, and the testing result is 0.57 pym PV which meets the needs of lens
testing and verifies the reliability of interferometry by comparing with profilometer.
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Fig.1 Layout of convex freeform surface interferometric testing by CGH
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Fig.2 Requirements for interference testing of convex surfaces
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Parameter Value :§~ gg
: & 30
Radius of curvature R/mm —1.04e+002 B —0.2
k 0 Waves
Rex/mm 50/2 -1.0
Rey/mm 50/2 Lo o 10
x axis decenter/mm 0 X-pupil/rel.units .
. Wavefront function
y axis decenter/mm ) 2022/4/17
Zy —2.74e-007 0.632 8 um at 0.000 0°
Zs 2.62e-011 Peak to valley=32.016 5 waves, RMS=9.771 5 waves.
’ Surface: image
Zy 7.11e-015 Exit pupil diameter: 4.755 SE+01 mm
Zyy —3.45e-016 Tilt removed: X=—0.000 0, Y=—0.000 0 waves
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Fig.3 Deviation between freeform and best fitting spheric surface
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Fig.4 Design result of main section. (a) Optical layout; (b) Wavefront aberration
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Fig.8 Separation results of diffraction order. (a) Optical layout; (b) Separation results
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22 WML EANEDT Tolerances Value
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. . . -1.0
-1.0 0 1.0 -1.0 0 1.0 -1.0 0 1.0
X-pupil/rel.units X-pupil/rel.units X-pupil/rel.units
0.632 8 um at 0.000 0° 0.632 8 um at 0.000 0° 0.632 8 pum at 0.000 0°
Peak to valley=0.077 3 waves, Peak to valley=0.077 3 waves, Peak to valley=0.297 2 waves,
RMS=0.017 2 waves. RMS=0.017 2 waves. RMS=0.088 4 waves.
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Peak to valley=2.234 4 waves, Peak to valley=2.234 4 waves, Peak to valley=0.053 2 waves,
RMS=0.562 0 waves. RMS=0.562 0 waves. RMS=0.007 2 waves.
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Fig.9 Surface-shape error by tolerances. (a) 1 um errors in x direction; (b) 1 um errors in y direction; (c) 1 pum errors in z direction; (d) 1" errors in x

direction; (e) 1" errors in y direction; (f) 1" errors in z direction
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Fig.10 Experiment of testing. (a) Optical layout of experiment; (b) CGH
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Fig.11 Testing result of freeform surface. (a) Interferometry; (b) Profile measurement
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