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Fig. 1. (color online) (a) Mollenstedt biprism; (b) Fresnel

biprism; (c) scheme of shearing interferometric PIE.
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Fig. 2. (color online) Numerical computations in ideal condition: (a) Amplitude and (b) phase distributions setting in

numerical simulations; (c) phase distributions of biprism (line A) and its original guess (line B) in iterative computation;

retrieved (d) amplitude and (e) phase distributions using proposed shearing interferometric PIE technique; (f) convergence

curve during iterative calculation.
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Fig. 3. (color online) (a) Phase distributions of actual biprism and those with errors in phase values and locations,

A and B represents biprism phase with errors in phase values, C represent biprism phase with error in location, D is

the actual phase of biprism; (b) convergence curves during iterative calculation with original biprism phase guess

with errors.
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Fig. 4. (color online) Convergence curve during iterative calculation, subplots describe re-

trieved sample amplitude distributions with 5, 25, 75 and 150 iterations, respectively.
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Abstract

Ptychographic iterative engine (PIE) method can provide high-resolution amplitude and phase distributions in
short-wavelength imaging, such as electron beam and X-ray imaging. Traditional PIE relies on the sub field of view
(sub-FoV) scanning, and the coincidence between these adjacent sub-FoVs is required in order to ensure the high accuracy
in sample information retrieval. However, in the applications of electron beam imaging, attachments or contaminants on
the sample surface will be dragged with the probe light during the sub-FoV scanning due to the adsorption of charges, and
the inevitable attachment and contaminant shifting will change the probe light, therefore generating inconsistent probe
light, and reducing the imaging resolution and accuracy, since the deteriorated probe light destroys the PIE scanning
demands. In order to maintain the high resolution and accuracy in the electron beam imaging, the attachment and
contaminant shifting during the sub-FoV scanning should be avoided. Here, a shearing interference based PIE using
Mollenstedt biprism is proposed in this paper. Méllenstedt biprism is widely used in the electron beam imaging, and by
applying the voltage to the wire, the generated electrical field can control the deflection of the electron beam, working
similarly to a biprism modulating the wavefront passing through it. In the proposed approach, setting the Mollenstedt
biprism after the sample, and changing the voltage on the Mollenstedt biprism, the beam deflection angle proportional
to the added voltage can generate a series of interferograms with different fringe densities. Because the traditional
sub-FoV scanning is replaced by wide-field scanning by changing the voltage on the Mollenstedt biprism, the proposed
method can maintain the stable probe light, avoiding the inevitable attachment and contaminant shifting, and both the
amplitude and phase can be retrieved from these interferograms by using a modified PIE algorithm. In order to verify
the proposed PIE method, besides the theoretical analysis, numerical calculations are provided. The biprism phase
distribution is adopted to simulate the electron beam deflection caused by the Mollenstedt biprism. Additionally, by

changing the voltage on the wire, different biprism phase distributions are generated to produce various interferograms.
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By the modified PIE method, accurate amplitude and phase distribution within error less than 0.2% can be obtained
through using less than 50 iterations, indicating a rapid convergence rate. Moreover, the errors in the imaging system,
such as phase deviation, position shifting, and rotation are also quantitatively analyzed. Numerical computation proves
that the direction of the biprism can be precisely determined according to the frequency distribution of the fringe, and the
accurate sample information can still be retrieved even with a deviation of 30% in phase deviation and 30 ym in position
shifting, proving the deviations of the direction and position of the Méllenstedt biprism, as well as the phase distribution
can be corrected automatically in the iterative process. Finally, the modified PIE relying on the lensfree configuration
can reach the resolution of the diffraction limit in imaging similar to those PIE approaches. The proposed technique can
overcome difficulties of current PIE in using electron beam, thus promoting the development and application of PIE in

electron microscopy.

Keywords: Mollenstedt biprism, coherent diffraction imaging, phase retrieval, electron beam interference
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