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Abstract  Ptychography is a newly developed phase-retrieval technique based on lighting-probe scanning of a
specimen in which the scanning step is smaller than the probe diameter. By using an iterative calculation, the
complex-amplitude distributions of the probe and the specimen could be reconstructed simultaneously. Ptychography
is a non-lens phase imaging technique with theoretically diffraction-limited resolution. Initially, the performance of
Ptychography is limited by its basic assumptions. With the development of related researches in recent years, its
characteristics have been gradually understood, and it has become increasingly mature as well. Nowadays,
Ptychography has been applied to phase imaging, wavefront diagnostics, and optical metrology in the fields of
visible, X-ray, and electrons. This paper discusses key factors that affect the reconstruction process and accuracy,
including multiple modes, scanning errors, light-spot errors, distance errors, and non-negligible specimen
thickness, and summarizes a development of key techniques to help overcome these factors.
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Fig. 5 Reconstructed results of wavefront. (a)—(c) Experimental results with partially coherent X-ray

reconstructed by singleemode Ptychography and (b) (c) are distributions of specimen and lighting probes

reconstructed by 12-mode Ptychography, respectively “*/; (d) left-bottom inset is reconstructed results of multi-

mode color imaging and top-right inset is imaging result under white-light microscope; (e) topography of reflective
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Fig. 6 Influence of translation error on reconstructed results. (a)(b) Reconstructed amplitude and phase of specimen and

lighting probe with scanning errors; (c)(d) reconstructed amplitude and phase of specimen and lighting probe with

accurate positions
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Fig. 8 Experimental results (a) Resolution plate

reconstructed  without  position  correction;

(b) reconstructed result of correlation matching

algorithm with position correction
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Fig. 12 Simulation results®" (unit of scale bar is 100 pixel). (a) Real distribution of specimen; (b) reconstructed result

when distance is reduced by half; (c¢) reconstructed result after lighting probe multiplies lens factor when distance is

reduced by half
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Fig. 13 Schematic of super resolution. (a) Light spot

detector area

recorded by facular detector with limited
numerical aperture; (b) schematic of amplitude

updating algorithm

K Fo F Fo 5051 3R B 13(b) 68 RHRIH
FEMKAARIR, B L =L +20+20,.0.0, HAEXL
53R Y8 B BV B 400 25 14800 e LA 1Y) 6B [+ B
TRE— D FERER o 2T P F Y 588 L,
AT LR MR PSR A7 A () A B i A

AR 12 A7 5 B8 A0 sk YA S OB BESE PR |2
HECET T35 F0 A5 DA A3 %) 45 R, A3 SO B Y B
— mVEB T LA R AL TR I AR A A L R
b AR AT LUK 0k 0 e A SR Ok XA
BIRAE A ROBUE AL ARG K e A0 7 PR 275 3
PETF, BPsE 348 79 3% K Ptychography (SR-PIE), &
14 7R () S5 30 25 AR G- W 35 00F 1 % Sk i T AT 1
AN ik 33 R RE 7 = BR A L 3 20 1 O IR IO B vE
JEAT Bl T 1 R A Bk R AT R 18 52 g, S 17T 4 5 6 &

@ ® v

14 B PRS R (0 (b) R ARl PIE &

HEAS B 1 A6 K 0 B R R AR AL 4 A (o) (DR
SR-PIE T #2153 (1 4% 05 AAH 7 43 10

Fig. 14 Experimental results of super resolution"™ .

(a)(b) Amplitude and phase distributions of

pollens  reconstructed by standard PIE;
(c)(d) amplitude and phase distributions of

pollens reconstructed by SR-PIE
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Fig. 15 Results of reconstruction experiments when light spots are partially saturated™" .

(a)—(d) Light spots with

increasing saturated area from 0; (e)—(h) resolution-plate distributions reconstructed by corresponding saturated

light spots in Figs. 15(a)—(d)
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Fig. 16 Schematic of amplitude updating

algorithm for under-sampling
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Fig. 17 Experimental results. (a)—(d) Under-sampled diffraction spots and corresponding reconstructed results;

(e)—(h) diffraction spots after linear interpolation for spot in Fig. 17(a) and corresponding reconstructed results;

(i)—(l) diffraction spot, lighting probe, and resolution plate reconstructed by under-sampled Ptychography

algorithm

35 BEEmaEBEREK

TEHEAH Prychography 595 135 MR dh (9 HH
SR AT Ak Sy BT O FIRE 07 Bk 2R R B e AR It
AR o B DA A A VRS B (L T 2R Ao A A il 1)
AT AN ] Z W I A S s HORE S B — B 1y 45 2R
W ELR ) 3PIE Sk i A7 i, AR T K R
A JEAE S TE il ) AT B OO )R AR R 19 s R
FES AT LLAEROCN o JRTBE N A YT R (O,,0,, -,
O, BANYIRIERE R 0,07 — 2 H G LA E A
J& BYAT S CAE S Y i )2 B BB O 3fe B YT )E A

JE AL REEE B A MR T — 200 Bk, it B 3 e
G — 29 Bl LR G G REIE B D )5 3135 LB
PR F o AT 9 W 1) TR 5 390 ) A% 9 1o R FH R ) ) 5
W, A 1] BT AL % — 2 4B R FH (1 20 (2) ) 24 /i )2
G A Y B AT R, A )R &l
— WA RS, AT AR 205 — 2 BB R
F G SR I 0 A, DTS2 B T JE AR B 0 2 R
Bl 20 AR &4 2 5 1R AR 45 5 o I 5 B BB %
X LU J5 AT T, 3PIE BB A8 A 28068 15 M FE 5 1647 43 J2 1
%, B .

0111010-11



(a) A=13.5 pm

J =675 pm 500 nm

(e) A=13.5X8 um

J

675 um

500 nm
(i) A=13.5X16 um

*

. 675 um

500 nm

S = DN W

]
Phase /rad

S = DN W

]
Phase /rad

S = DN W

'_
Phase /rad

K18 XL TFRELIEER, ()~ (D IEHREE; (o)~ (h) REEFEMHN 1/8; (D~ D) RELFKEE A 1/16
Fig. 18 Experimental results with X-rays. (a)—(d) Normal sampling; (c)—(h) sampling rate decreased to 1/8;

(1)—(1) sampling rate decreased to 1/16
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Fig. 20 Experimental results of 3PIE stratified imaging

[16]

. (a)(d) Images of different focusing slices recorded

by microscope; (b)(c) amplitude reconstructed by 3PIE; (e)(f) phase reconstructed by 3PIE
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Fig. 21 Basic principal of standard Ptychography.

(a) Traditional position-by-position scanning

mode; (b ) continuous recording mode;

(c¢) decomposition of continuous recording

process into multiple independent modes
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Fig. 22 Experimental results of Fly-PIE®” . (a)—(d) Diffraction spots recorded by continuous exposure when specimen is

translated with different speeds; (e) reconstructed results with single and multiple modes; (f) reconstructed

lighting probes with multiple modes
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Fig. 24 Experimental results reconstructed by Ptychography based on grating splitting ">/ . (a) Light spots;

(b) reconstructed amplitude of specimen; (c¢) reconstructed phase of specimen
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Fig. 25 Schematic of single-exposure Ptychography based on 4 f system
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Fig. 26 Experimental results with single-exposure Ptychography based on 4 f system™ . (a) (b) Reconstructed

amplitude and phase of specimen; (c) reconstructed lighting probe; (d) direct-imaging result
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