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Fig. 1. Diagram of the setup for PIE.
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Fig. 2. (a) Amplitude and (b) phase of sample; (c) amplitude and (d) phase of illumination; (e) one of recorded diffraction patterns;
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(f) iterative convergence curve of reconstruction; (g) amplitude and (h) phase of recovered sample.
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Fig. 3. Diagram of frequency domain convolution of illumination with sample in coherent diffraction imaging.
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Fig. 4. Diagram of diffraction pattern and detector target surface pixel plane undersampling (sampling interval of 3).
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Fig. 5. (a) Spectrum of illumination; (b) diagram of overlapping calculation in sample and illumination spectrum; (c) one of recor-
ded diffraction patterns; (d) distribution of recovered sample spectrum; (e) amplitude and (f) phase of recovered sample; (g)—(i) dis-
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Fig. 6. Diagram of diffraction pattern and detector pixel size (Q = 2).
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Fig. 8. Diagram of diffraction pattern and width of detector target surface.
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Fig. 10. (a) Spectrum of sample in numerical simulations; (b) one of recorded diffraction patterns; (c) recovered spectrum of sample;
(d) recovered amplitude of sample; (e) differences of phase between recovered and initial (unit: rad). In (al)—(a4), distances of adja-
cent extreme points are 20, 10, 10, 10 pixels, respectively. An illumination, adopted in (el), (e2) and (e4), has a valid spectrum with
11x11 pixels, which are shown in (a) and (b). An illumination, adopted in (e3), has a valid spectrum with 5x5 pixels, which are
shown in (a) and (b).
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Fig. 11. (a) One of diffraction patterns recorded by detector when the width of the invalid region (W) is larger than A\zWg;

(b) one of the diffraction patterns recorded by the detector when the width of the invalid region (W;) is smaller than AzWg;

(c) amplitude and (e) phase recovered with (a); (d) amplitude and (f) phase recovered with (b).
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Effect of detector photoelectric parameters on ptychographic
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Abstract

An analytical solution model for ptychographic iterative engine (PIE) is proposed. In this model, PIE can
be described as a system of linear equations between the sample and the illumination in the frequency domain.
This system of linear equations (AX = B) is derived with the spectrum of the illumination as the coefficient
(A), the spectrum of the sample as the unknown (X), and the intensity of the diffraction pattern as the vector
(B). Hence, the sample can be recovered by solving this linear system. In PIE, the detector (such as Pike F-100,
AVT) has a large resolution, meaning that 1000 x 1000 linear equations can be generated by recording a single
pattern. It is still the case, however, that the number of obtained equations is smaller than the number of
unknowns, leading to the inability to obtain a unique solution about the sample. Relative motions of sample
and illumination, can generate more diffraction patterns to construct a sufficient number of linear independent
equations. For coefficient (A), since the initial illumination is known, the illumination after shifting can still be
obtained by recording its shifting distance. Hence the unique solution for the sample can be directly obtained by
solving this linear independent system of equations. Simultaneously, the photoelectric parameters of the
detector have a significant influence on the imaging quality of PIE. Using this linear system, the photoelectric
parameters of the detector can be characterized by the number of linear equations and unknowns in each
equation. According to the conditions that there is a unique solution in the system of equations and the
requirements of the photoelectric parameters (such as pixel sampling interval, width of target surface, pixel size,
sensitivity and dynamic range), the influence of the reconstruction for PIE is quantified theoretically.
Obviously, the numerical simulation results based on this theory not only verify the correctness of the
theoretical analysis and predictions, but also reveal the physical mechanism of recovering high-quality results in
imperfect photoelectric parameters of detector, which can contribute to improving the quality of their

reconstruction and optimizing the experimental setup.

Keywords: detector photoelectric parameters, phase retrieval, coherent diffractive imaging, ptychographic

iterative engine
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