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Fig. 1. (color online) Principle of three-dimensional

ptychographic imaging.
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Fig. 2. Arrangement and overlap state of the probes.
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Fig. 3. Flow chart of three-dimensional ptychographic imaging algorithm.
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Fig. 4. (a) Cell of meristem; (b) cell of vascular bundle.
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Fig. 5. (color online) Diagram of light path.
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Fig. 6. Reconstructions: (al)—(a4) Amplitudes of the reconstruction via single-wavelength method, dual-

wavelength method, tri-wavelength method and four-wavelength method in the first slice; (b1)—(b4) recon-

structed phases corresponding to (al)—(a4); (c1)—(c4) amplitudes of the reconstruction via single-wavelength

method, dual-wavelength method, tri-wavelength method and four-wavelength method in the second slice;

(d1)—(d4) reconstructed phases corresponding to (c1)—(c4). The illustrations: the complex amplitude of the

probes.
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Fig. 7. (color online) Relationship between the reconstructed amplitude and the iteration of the first slice
and the second slice under different number of wavelengths: (a), (b) Peak signal to noise ratio PSNR; (c),

(d) correlation coefficient Co.
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Fig. 8. (color online) Relationship between the reconstructed phase and the iteration of the first slice and
the second slice under different number of wavelengths: (a), (b) Peak signal to noise ratio PSNR; (c),

(d) correlation coefficient Co.
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Fig. 9. (a) Cell of meristem; (b) cell of vascular bundle;

(c) cell of onion epidermis.
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(e4)

(f4)

10 BIFEER  (al)—(ad) KUCONH— JZFE bR B S S PASHPY S A B HHRIE; (b1)—(b4) NEE—ZFEa N
Tofr il A B8 T 0 B R HIAR AL (e1)—(ed) KUKV ER —JR R i B X =B AU P K R R AOIRIE; (d1)—(d4) A
5 R DU BB R R X SRR ARG (e1)—(ed) IRIRITEE IR B b BB DB« = BRI DU 35 4 B i ) 4 1
(F1)—(f4) 955 —JRAF S DURRRA B o B B AL A4 B DR 2 AR IR

Fig. 10. Reconstructions: (al)—(a4) Amplitudes of the reconstruction via single-wavelength method, dual-wavelength
method, tri-wavelength method and four-wavelength method in the first slice; (b1)—(b4) reconstructed phases cor-
responding to (al)—(a4); (c1)—(c4) amplitudes of the reconstruction via single-wavelength method, dual-wavelength
method, tri-wavelength method and four-wavelength method in the second slice; (d1)—(d4) reconstructed phases cor-
responding to (c1)—(c4); (el)—(e4) amplitudes of the reconstruction via single-wavelength method, dual-wavelength
method, tri-wavelength method and four-wavelength method in the third slice; (f1)—(f4) reconstructed phases cor-

responding to (el)—(e4). The illustrations: the complex amplitude of the probes.
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Fig. 11. (color online) Relationship between the reconstructed amplitude and the iteration of the three slices
under different number of wavelengths: (a), (b), (c¢) Peak signal to noise ratio PSNR; (d), (e), (f) correlation

coefficient Co.
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Fig. 12. (color online) Relationship between the reconstructed phase and the iteration of the three slices

under different number of wavelengths: (a), (b), (c) Peak signal to noise ratio PSN R; (d), (e), (f) correlation

coefficient Co.
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Fig. 13. (color online) Optical setup of multi-wavelength ptychography in three dimension.
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(d1)—(d3) A5 EFE b A E R TR R IR IIAEAL; a(4), c(4) JRE s S IR IE WG 3RE SRR

Fig. 15. Reconstructions after 20 iterations: (al)—(a3) Amplitudes of the reconstruction via single-wavelength
method, dual-wavelength method and tri-wavelength method in the first slice; (b1)—(b3) reconstructed phases cor-
responding to (al)—(a3); (c1)—(c3) amplitudes of the reconstruction via single-wavelength method, dual-wavelength
method and tri-wavelength method in the second slice; (d1)—(d3) reconstructed phases corresponding to (c1)—(c3).
a(4), c(4) are the original reference graphs of the samples. The illustrations: the complex amplitude of the probes.
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Fig. 16. (color online) Topography maps of the phase in the first slice and the second slice.
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Fig. 17. (color online) Reconstructions after 20 iterations: (al)—(a3) Amplitudes of the reconstruction via single-wavelength
method, dual-wavelength method and tri-wavelength method in the first slice; (b1)—(b3) reconstructed phases corresponding
to (al)—(a3); (c1)—(c3) amplitudes of the reconstruction via single-wavelength method, dual-wavelength method and tri-
wavelength method in the second slice; (d1)—(d3) reconstructed phases corresponding to (c1)—(c3); (el)—(e3) amplitudes
of the reconstruction via single-wavelength method, dual-wavelength method and tri-wavelength method in the third slice;
(f1)—(£3) reconstructed phases corresponding to (el)—(e3). a(4), c(4), e(4) are the original reference graphs of the samples.

The illustrations: the complex amplitude of the probes.
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Experimental study on three-dimensional ptychography
for thick sample”
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Abstract

Ptychography is a new kind of lens-less imaging technology. What restricts the technique is the assumption of a
multiplicative interaction between the illuminating coherent beam and the specimen, and the ptychography cannot be
applied to samples thicker than a few tens of micrometers in the case of visible-light imaging at micron-scale resolution.
In the present work, we split a sample into axial sections, thereby realize three-dimensional ptychographic imaging of
thick samples at the millimeter level in a series of computer simulations and optical experiments. Our simulation results
reveal that by using single wavelength we cannot achieve good-quality images of thick samples. Thus it is necessary to
introduce more wavelengths for illumination. With increasing the number of wavelengths, the imaging quality of three-
dimensional thick samples can be enhanced continually. Then we make further study on the relationship between the
imaging quality and the magnitude of wavelength in optical experiments by using two groups of samples with different
thickness values. The results demonstrate that our experimental results are highly consistent with simulations. For
our concrete configuration in this paper, the best results of imaging and separation may be obtained for the case of
tri-wavelength. At the same time we make a reasonable explanation for the phenomenon of fold-over in the experiment.

Our results are important and meaningful for the practical utilizing of three-dimensional ptychography of thick samples.

Keywords: thick samples, three-dimensional ptychography, iterative engine, multi-wavelength
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