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Abstract
highly tilted illumination. By replacing the highly tilted illumination with exiting light field of vertical illumination

A high-precision reconstruction algorithm is proposed for ptychographic iterative engine (PIE) with

and modifying the optical transfer function in free space, a computing formula suitable for calculating the large-angle
light propagation is obtained together with the corresponding iterative reconstruction algorithm. This proposed
method successfully avoids the under-sampling of steep phase ramp of light beam on a sample plane while ensuring
the computing accuracy for the diffraction intensity of the non-paraxial light beam on recording plane, overcoming
the most significant technique problem that hinders the further improvement in reconstruction accuracy and the

applications of single-shot PIE in various research fields.
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Fig. 1 Schematic diagram of PIE with highly tilted illumination. (a) Optical path schematic;

(b) flowchart of the algorithm
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Fig. 2 Diffraction patterns with different incident angles.

(a) Diffraction pattern calculated by spherical wave integration

based on Huygens-Fresnel principle with large incident angle; (b) diffraction pattern calculated by the revised

angular spectrum with the same incident angle; (c) diffraction pattern when the incident angle is 3°; (d) diffraction

pattern when the incident angle is 0°

&l 3 Ca) FEL 3 (b) 45 A4 T 530 o ) A o 3 I
ORI I % s AR 7 AL R B RN R 6.5 mm X
6.5 mm, JEME I /NAE 1~100 Z 8], #5067 K /NTE 0~
0. 1 Z [a], BBASG R GH 4 e /i ok 56°, 0 il 1) I £y
g 34° AR R 20 A5 A P& 3Ce) B o i TG fl #f A
K FEAERE R AH 7 86 B, 2 3fe - L L i A o7 A 3

900 um
—

J A B BE B AR AL 3 A5 AP 3 (D FrzR . R
PL 0. 378 mm R BEHEAT 7X7 KR, A2
B-FER B A AR A G E W T CCD i L iy
PTG BE, o rp AR MR 9 > A7 B9 06 BE /Y 98 22 40
K 4 itz s O 5 M8 7 o AR #4% BEOGBESL Bl v O
Fr XS BRI

0.30
0.25
0.20
0.15

Phase /rad

IS
—
S

3 BRI . CaORE AR I s () AR R AR AL 5 (o) BRI IR I 5 (D RSB AR 2

Fig. 3 Simulated initial value. (a) Amplitude of specimen; (b) phase of specimen;

(c¢) amplitude of probe light; (d)phase of probe light
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Fig. 5 Reconstructed results based on general ePIE algorithm with highly tilted illumination after 500 iterations.

(a) Amplitude of specimen; (b) phase of specimen; (c) amplitude of probe light; (d) phase of probe light
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Fig. 6 Reconstructed results based on revised angular spectrum and ePIE after 500 iterations.

(a) Amplitude of specimen; (b) phase of specimen; (c) amplitude of probe light; (d) phase of probe light
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Fig. 8 Reconstructed results at the angle errors from — 1.5 to 1.5°.
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Fig. 10 Experimental results based on revised angular spectrum and ePIE with highly tilted illumination.

(a) Amplitude of specimen; (b) phase of specimen; (c) amplitude of probe light; (d) phase of probe light
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Fig. 11 Experimental results based on general ePIE algorithm with highly tilted illumination. (a) Amplitude of specimen;

(b) phase of specimen; (c¢) amplitude of probe light; (d) phase of probe light
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