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Fig. 1. Schematic diagram of dual plane ptychographic ima-
ging.
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Fig. 2. Schematic diagram of the terahertz dual-plane pty-

chographic simulation.
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Fig. 3. Sample for ptychographic simulation: (a) Input amplitude distribution; (b) input phase distribution.
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Fig. 5. Comparison of simulation results with ePIE and dp-ePIE: (al) and (bl), (c1) and (d1), (el) and (f1) are the amplitude and
phase reconstruction with ePIE algorithm; (a2) and (b2), (¢2) and (d2), (e2) and (f2) are the amplitude and phase reconstruction

with dp-ePIE algorithm.
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Fig. 8. Setup of continuous-wave terahertz dual-plane pty-
chography.
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PERR A, Xk T R 2% I A R e >, Al AR
AR . AR ZIAE 500 pm B D4 LS
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SRl 190—220 pm, ZIPRIEEE 50 pm, K
0.1 um, & 9(b) NEES S

(a) (b)
K9 RRMEA M =ARERENES  (a) = MfrEi
T (b) FE S &
Fig. 9. Sample of recyclable polypropylene triangle pattern:
(a) Model of the sample; (b) picture of the sample.

ZUW K IR | Z2 A R IR B XU i T SR R
AR SR TUAREE | B IR AR A M
TR GG R k. W RGE & T T
W B R s 2% 5 RIPR I 245 1 1) 38 )2 GOt . —
T, FIR 295 A5 A AT 818 Ik 2% O f 1A B
K, BB 2%, T B RO S IR
LA REXT AR 2% OGRS A TR, XE LM
KA D), S 2 P IR TR R 5 —

Jrit, IS KM 2E AL A, BRI R GU4h
ey g FRLEX R . 22 A0 BE IR T ik A 2Rk T 0 S o
SZAR DL S IR 2% D RO AL SRR, ANl WD
WG MERE . SRR PR AL RS B
OBt LB N ME. 5 BRI AR L, SRR SR TT
IEANT ZP B 22RO A i 25 s wmish
AL IR R 2% IR D RO 18], ARl
s R G IARE TL R 25 W AL R e

4.2 BRGERRESH

14 B M 2% U B B )72 R AT LATA R S 3
G A5, B8 43 BE 3 52 BT B K AT R AT S
A, B AR 2 EM 2 SRR B e, T DL 2
GRS FRIN i R A R RIS AEAS D
SN B AT B S A RIATIHE S, A2 LT
ARG R, T [ SRR TR S Bl SR
A TR A 20.2 mm, ICR0E 1T HEE R 23 mm.
A (1) IHEZ R G 7 PR R 182 pm.
B I A 2 T A N R R SR B T AR AT
EIE.

53 BIA ] ePIE ., dp-ePTE 5% X 5 17 i kb 31
J AR S TR A T DB ) S e it o SR AR AR B R K
K, R IR R AR o AR A T 500 R AR )
), AELHE N TR AR RIS AT 55 8. Pk E
HEEE R LA 10 Fros. O T AR & dp-ePIE
A ePIE Bk E @ KU i, FIHIESH45
BTN /77 (no-reference structural sharpness,
NRSS) P 3L AR [F] 32 A R B 8 2 i IR

R

%g JRIE /arb. units

AN /rad

ePIE dp-ePIE

ePIE dp-ePIE

10

NRSS =0.7879

NRSS =0.8211

—0.33

NRSS =0.8232 NRSS =0.9831

10 PP R H S A AR 10 YR AT MO 35 A9 o e 4

(a2), (b2) R dp-ePIE 1% 4R M7 431 K AR 07 43 A

(al), (b1) 43 M 3R ePIE %3k T d# IR 07 4 A AR/ A5 ;

Fig. 10. The reconstructed results after 10 iterations by two different reconstruction algorithms: (al), (bl) Represent the amplitude

and phase reconstructed based on ePIE algorithm: (a2), (b2) represent the amplitude and phase reconstructed based dp-ePIE al-

gorithm.
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Abstract

Terahertz (THz) radiation lies between the millimeter and infrared region of the electromagnetic spectrum,
which is typically defined as the frequency range of 0.1-10 THz and the corresponding wavelength ranges from
30 pm to 3 mm. Terahertz radiation due to wide spectrum, high penetration, low energy, and other important
features, has been a valuable tool for imaging and non-destructive testing on a submillimeter scale. Continuous-
wave (CW) terahertz ptychography is a type of phase-contrast technique with advantages of simple set-up and
large field-of-view. It retrieves the complex-valued transmission function of the specimen and the probe function
at the same time. The extended ptychographic iterative engine (ePIE) algorithm is used as the reconstruction
algorithm in the field of ptychography, because it is relatively simple, and can use computer memory efficiently.
However, the problem of algorithm convergence delay makes us unable to acquire the reconstruction result very
quickly. Since the ptychography is a problem of retrieving phase information, physical constraints affect the
convergence speed of the algorithm strongly. In this paper, we propose a dual-plane ePIE (dp-ePIE) algorithm
for CW THz ptychography. By moving detector along the axis and capturing diffraction patterns of one zone of
an object at two recording planes, then, two sets of patterns used as the constraints simultaneously can increase
the diversity of experimental parameter. Hence, the convergence rate can be improved. The simulation results
suggest better reconstruction fidelity with a faster convergence rate by the dp-ePIE algorithm. The dual-plane
terahertz ptychography experimental setup is built based on 2.52 THz optically pumped laser and Pyrocam-III
pyroelectric array detector. Compared with other methods to increase the diversity of measurement, the setup
of dual-plane ptychography can be compact and simple, thus reducing the terahertz wave transmission loss. A
polypropylene sample is adopted and it is approximated as a pure phase object. No-reference structural
sharpness (NRSS) is utilized as a quantitative evaluation index. It takes 45.086 s to achieve NRSS value of
0.9831 by using the dp-ePIE algorithm in 10 iterations, while the NRSS value and calculation time for e-PIE
algorithm are 0.9531 and 57.117 s (20 loops), respectively. The experimental results show that the dp-ePIE
algorithm can obtain high-quality amplitude and phase distribution with less iterations than the traditional
ePIE algorithm.

Keywords: terahertz imaging, ptychography, phase retrieval, dual-plane
PACS: 87.50.U—, 42.30.—d, 42.30.Rx DOI: 10.7498/aps.69.20191310
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