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Holographic Zone Plate Interferometer for Testing Aspheric Surfaces
Analysis of Performance and Characteristics of Three Basic Configurations
Kazutoshi NakajiMa
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A generalized form of the zone-plate interferometer for testing aspheric surfaces is described.
It involves the use of computer-generated zone plates to produce aspheric wavefronts. Three
basic configurations, or modes, are presented and discussed both theoretically and experimentally.
To analyze the performance and characteristics of the interferometer, computer software to
simulate all the three modes on the basis of wave optics has been developed. By means of the
interference patterns calculated, the performance of the systems can directly be evaluated. The
results are; (1) when the zone plate of aperture determined by geometrical optics is used,
the phenomenon of fringe distortion due to diffraction effect occurs in the peripheral zone of
a surface being tested in each mode, and (2) the fringe distortion can be corrected by using
the zone plate whose aperture is 5-10% larger than that determined by geometrical optics. It
is concluded that testing with an rms error of less than 0.01 wave-length is attainable in any
mode. Experimental results verify the analysis and confirm the high quality performance of the
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interferometry.
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Fig. 1 Three basic configurations of the in-
terferometer. (a) mode 1, (b) mode 2, and
(c¢) mode 3. MZP is a zone plate for recon-
structing an aspheric wavefront in each mode,
and FZP for a spherical one.
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Fig. 2 Expansion of the interferometer to il-
lustrate the procedure for analyzing the perfor-
mance of the systems. (a) mode 1, (b) mode
2 (and mode 3).
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Fig. 3 Illustration of the diffraction integral
in the two-dimensional field.
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Fig. 4 Complex amplitudes of the reference waves of mode 1-mode 3, (a) in Ss-planes in Fig. 2
and (b) the observation surfaces. The zone plates of apertures determined by geometrical optics
are used. As for the phase, the difference from the optical path length is shown. The sample is a

parabolic surface, where F number is 4.
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Fig. 5 Complex amplitudes of the test waves in the observation surfaces of the same systems as

in Fig. 4.
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Fig. 6 Profiles of the interferograms obtained
from Fig. 4 (b), Fig. 5, and Eq. (29). (a)
mode 1, (b) mode 2, and (c) mode 3.
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Fig. 7 Interference patterns in mode 1-mode 3 made by giving a positive tilt with
respect to the 7-axis. Assuming that the optical data are perfect, fringe distortion due

to diffraction effect is observed.
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Fig. 8 Complex amplitudes of (a) the reference and (b) the test waves in the observation surfaces
of mode 1-mode 3 when the apertures of the zone plates are 5% (mode 1), 6% (mode 2), and 10%
{mode 3) larger than those determined by geometrical optics, respectively. The sample is the parabolic
surface.
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Fig. 9 Profiles of the interferograms obtained
from Fig. 8 (a) mode 1, (b) mode 2, and
(c) mode 3.

Fig. 10 Interference patterns in mode 1-mode 3. The data of the zone plates are the
same as in Fig. 8. Compare the patterns with those of Fig. 7.
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Fig. 11 Observation of fringe distortion due to diffraction effect in (a) mode 1, (b) mode 2, and
(c) mode 3, with a positive tilt introduced in each mode. An F/3.3 spherical mirror and an F/4 FZP

were used in the experiment.
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Fig. 12 A pair of zone plates for testing an F/4 parabolic mirror in mode 1.
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Fig. 13 Result of test of the parabolic mirror in mode 1; (a)
tilt=0 and (b) a positive tilt introduced.
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Fig. 14 Result of test of the parabolic mirror in mode 3. In (a) the
MZP of aperture determined by geometrical optics is used. In (b) the
MZP whose aperture is 10% larger than that in (a) is used.
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