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Fig. 1. (color online) (a) Principle of ptychographic imaging; (b) arrangement and overlap state of the probes.
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Fig. 2. (a) Sample for simulations; (b) cross-section (indicated by black line in sample); (¢) amplitude and

(d) phase of the probe at the plane of the sample.
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Fig. 3. Reconstructions after 960 iterations. (al)—(a4) Amplitudes of the reconstruction via single-wavelength method,
dual-wavelength method, tri-wavelength method and four-wavelength method; (b1)-(b4) reconstructed phases corre-

sponding to (al)—(ad); (c1)—(c4) corresponding cross-sections, location indicated by the black line in panels (al)—(a4).
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Fig. 4. (color online) Relationship between the reconstructed amplitude and the iteration under different

number of wavelengths: (a) mean squared error M SE; (b) correlation coefficient C|,.
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of wavelengths: (a) mean squared error M SE; (b) correlation coefficient Cl,.
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Table 1. MSE and C, values of reconstructed ampli-
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tude under different number of wavelengths after 96

iterations.

Bk MK =K Rk
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MEREC, 097670 0.99522  0.99778  0.99830
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Table 2. MSE and C, values of reconstructed phase

under different number of wavelengths after 384 iter-

ations.

K WK =Ek Bk
WhH# MSE 037109 0.35752  0.34901  0.35496
AR C, 077214 0.78195  0.78918  0.78609

(al)

6 [AISRERE MR R I%AX 960 YR E R 45 R
(b1)—(b4) Ay U Ffrip K H R T 56 W 5 S (AR 7

(a1)—(a4)

PR 7= %) B SR AR B2 M

2 WK B JEAT I AR A B K R 75 RE T,
L S B A MR R xR R R A . A A S P
fEOL, 18 LR BN SLI6 2 12kt L, [T i A v
TN A% 135150 53 AW 7 (12 E 1) 168 75 B AN R i
FE S BRI R OR, SCRERLLT UL I F A5 P 470
FAREDT), LU RIS REEE MR A, AH RIS AR A AN
BB R R R, 45 RN 6 R, N T &L
M 7 X AN R BN B o B S, ST
VU 175 0 T % i A0 AR 2 £ 48 75 22 ARH 5% 2R 4,
K7 AN 8 s

MIEL6 AT B, BEANRRH, UM RE T B 4R
e, JGHIE P L Z A5 B 2 R e % BT R4S
RBEWAEIEATE T IE L, PRk B P
PUMRRE RO o8, 2R R R B I2 0 B e

3.2

MR BRI R L =AY U K R SR I

Fig. 6. Reconstructions with the same noise after 960 iterations. (al)—(a4) The reconstructed amplitudes and

(b1)—(b4) the reconstructed phases via single-wavelength method, dual-wavelength method, tri-wavelength

method and four-wavelength method.
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Fig. 7. (color online) Relationship between the reconstructed amplitude and the iteration via different number

of wavelengths method under the same noise: (a) mean squared error M SE; (b) correlation coefficient Cg.
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Fig. 9. (color online) Optical setup of multi-wavelength ptychography.
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Fig. 10. Reconstructions after 240 iterations. (al)—(a3) The reconstructed amplitudes and (b1)—(b3) the

reconstructed phases via single-wavelength method, dual-wavelength method and tri-wavelength method

(the insets illustrate the probe complex amplitude).
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Fig. 11. (color online) Reconstructions after 300 iterations. (al)—(a3) The reconstructed amplitudes (black

bar corresponds to 1 mm) and (b1)—(b3) the reconstructed phases via single-wavelength method, dual-

wavelength method and tri-wavelength method.
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Fig. 12. (color online) Reconstructions after 300 iterations by depressing the noise. (al)—(a3) The recon-

structed amplitudes and (b1)—(b3) the reconstructed phases via single-wavelength method, dual-wavelength

method and tri-wavelength method.
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Fig. 13. Comparison of results: (a) lens imaging result; (b) reconstructed amplitude of 300 iterations via

dual-wavelength method.
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Fig. 14. (color online) Comparison of topography maps: (a) reconstructed amplitude and (b) reconstructed
phase before noise depressed; (c) reconstructed amplitude and (d) reconstructed phase by depressing noise

(the insets illustrate the probe complex amplitude).
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Abstract

We perform a series of computer simulations and optical experiments for multiple-wavelength ptychographic imaging
to analyze the relationship between the imaging quality and the magnitude of wavelength. Two kinds of samples including
the grating-like and the biological sample are tested. Our experimental results are highly consistent with simulations,
demonstrating the feasibility and effectiveness of the multiple-wavelength ptychography. Compared with the single-
wavelength ptychographic imaging, it can achieve very good imaging quality with a fast speed of iterative convergence
and a high robustness to the noises in the case of multiple-wavelength ptychography. In addition, optical experiments also
reveal that with the magnitude of wavelength increasing, the complexity of the ptychographic system is grown up within
increased noises and errors, which causes the imaging quality to keep no enhancement or even to get worse. For our
concrete configuration in this paper, with a simple digital procedure for noise depressing, the best results may be obtained
for the case of dual-wavelength. Furthermore, it implies that there is an optimized condition for multiple-wavelength
ptychography. We find that it requires mainly analyzing the balance between the multiple-wavelength-benefited noise-
resistance and the systematic complexity for the optimized condition, which may be really important and meaningful

for the practical utilizing of multiple-wavelength ptychography.
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