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Fig. 1 (Color online) Soft X-ray ptychography system at BLO7LSU of SPring—8. (a) Schematic illustration of the op-
tics. (b) Photograph of the vacuum chamber for the ptychography system.
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Table 1 Parameters of the Wolter mirror optics.

Distance between light source and sample 13.8m
Working distance 20 mm
Mirror length 200 mm
Grazing angle (Ellipsoidal part) 22.1 mrad
Grazing angle (Hyperboloidal part) 42.5 mrad

BLO7LSU OEBR 27— 3 VO 513.8 m IZ & E
LTW5b, £/, IT—HOHSA%#22.1 mrad (F5H
i) L42.5mrad (WEImHRS) &L, Auz XK
HHE & L7 & &2, 1000 eV LT ik X # fHI T30 % LA
FORBREHERL T B, IT—DRI, BEOHE
ZFat ZOHIRIC L V200mm & 7% 5> TW5b, D Ealx
Z, Table 1IZ/RF /NG A—2 T 3 VX —3 55— %Gt
o fEBLL 7o,

EEHEFIHL TEEATT 5 2R 5 —0%E, 7
AT HHERICED COMFEIEHE & X ALEITZL &
Vo ZD72®, REHIERBHERIC LS FFICHE—ICR
DT ERTETH S, &9 LA-RIFRIIEEE « SUBHZE D%
EEE, XBOBEBBIIEEN L2 FEY 57 1 % in-situ/
operando FHHlZ 17> ET, BEEO OLEN « BHER
KIBICH OB Z EMTE S, EBEOFHEIKE, FHRHII 55—
20 mm FIROEN S SHEIZ300 um 57 + — N AL 7L
BICHEL TW5, SN 3 5 B K & A1
T, A7 57 4 BORE LS 5/ TH %, Fig.1
IV AT LADFEREETRT, AR FTICiE=E oy =7
AF =Y L 1EOEBEATF—I BB, 243757 4
ICHBELRERERESC YT 7 4 MR RER Vv T Vs
BRIz >TWb, X4 a7 57 4 TiE, #AF»56 KT

gt Jan. 2023 Vol.36 No.1 11



...
0.4 o_ Y

> ‘*

- ~

031 LR

iv] \

v 02 N

o o

CC N
01 S

..

OO 1 1 1 1 1 1 "

250 500 750 1000 1250 1500 1750 2000
Photon energy (eV)

Fig. 2 Reflectivity curve of the mirror optics. The dotted line and
circles show the theoretical and experimental reflectivity,
respectively.
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Fig. 3 (Color online) Evaluation of the spatial resolution of the ptychography system. (a) Scanning electron micro-
scope image of the test pattern. The dotted rectangle area was observed with soft X-ray ptychography. (b-k)
Reconstructed absorption (b, d, f, h, j) and phase (c, ¢, g, i, k) images at 400 eV, 800 ¢V, 1200 eV, 1600 eV, and

2000 eV.

12 ST Jan. 2023 Vol.36 No.1



PEYZRE T2V — 357 —2FALIERXBRYAA7T 714K

EDRF

]
Absorption (arb. units)

B
Phase (arb. units)

| -.

Fig. 4 (Color online) Soft X-ray ptychography image of a mammalian cell. (a) Visible light differential interference
contrast image. (b-k) Reconstructed absorption (b, d, f, h, j) and phase (c, e, g, i, k) images at 600 eV, 250 eV,
350eV, 450 eV, and 1200 eV. The magnified images to the right of the main images are taken from areas cor-

responding to the dotted rectangles shown in (d).
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Fig. 5 (Color online) Stereo imaging of CHO-K1 cell using the
soft X-ray ptychography system. The images were taken by
tilting the sample holder by 45° (a), 0° (b), and —45° (c).
The magnified images to the upper right are taken from areas
corresponding to the dotted rectangles in the center image of

(a).
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Development of soft X—ray ptychography system
using Wolter mirror
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Abstract We have developed a new soft x-ray ptychography system using a total-reflection Wolter mirror
as an illumination optics. This new system, installed at BLO7LSU of SPring—8, provides seamless
imaging with a half-period resolution of 50 nm in the wavelength range of 250 eV to 2 keV availa-
ble at the beamline by taking advantage of the achromatic property of the total-reflection optics.
In this article, we describe the details of the optics of the developed ptychography system and in-
troduce the imaging results of mammalian cells measured as a demonstration sample.
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