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Fig. 5: (a) Powder diffraction pattern for NIST standard material LaBg (660c) measured
with multi-crystal analyser; (b) peak resolution of (110) reflection.

energy and realistic mirror length, the grazing angle of the mirror is set at
2.5 mrad. Additionally, both mirrors have three reflection coatings, Pt, Rh
and Si, to minimize high harmonics contamination. From optical simula-
tions, the expected flux is 2.98 x 10'? photons/s with energy bandwidth
of 2.34 eV at 30 keV when the above optical parameters are taken into
account.

In the endstation, three different detection systems will be installed at
TPS 19A: (1) multi-crystal analyzer (MCA); (2) 1D position sensitive de-
tector, MYTHEN 24K; (3) 2D area detector. The full peak at half maximum
(FWHM) of LaBg standard from MCA, MYTHEN 24K, 2D area detector are
0.005, 0.02 and 0.06 degree respectively using 15 keV and 0.2 mm cap-
illary. The instrument resolution function is shown in Fig. 3. Obviously,
MCA has the best resolution. However, MYTHEN 24K can also provide
great data quality within minutes. Although the resolution of the area
detector is not as good as others, but when anisotropic information from
materials like thin film or fiber diffraction, is needed it will be a great tool.
For unknown or electron density study, MCA is undoubtedly the best
choice. However, in most of the global powder diffraction beamlines, to
simplify the design of the MCA no alignment mechanism for the crystals
is provided. We try to introduce a fine-tunable mechanism to make the

Fig. 6: Difference Fourier map of LaBs,
blue ball = La; brown ball = B.

alignment of every crystal more
precise and faster, as shown in Fig.
4. The final powder pattern of the
standard material LaBg is shown in
Fig. 5. An extremely narrow peak
width, high S/N ratio and low
background data was obtained.
The d-spacing resolution is up to
0.5 A, after detail structure analy-
sis, a difference Fourier map shows
clear bonding density distribution.
It proves the high quality data
required not only for structure
determination but also electron
density distribution studies. (Re-
ported by Yu-Chun Chuang, Chi-Yi
Huang, and Jui-Che Huang)

Soft X-ray Tomography at TPS

S oft X-ray tomography (SXT) is constructed at TPS 24A, which is an emerging technique to image an ultra-
structure of 3D frozen-hydrated cells and tissue. Particularly, SXT images present a natural contrast of individ-
ual organelles inside the cells in a nearly native state without the need of staining and sectioning. This technique
can visualize an entire 3D cell, which makes some bio-medical studies possible and sometimes easy, such as the
cellular reaction with antifungal peptoids,” immune T cells communication with bacteria,? degranulation of gran-
ule-containing vesicles in mast cell,®* and virus-induced endoplasmic reticulum alterations.* In addition, SXT can
be correlated with fluorescence 3D-structured illumination microscopy (3D-SIM) to provide the bio-sample with

structural and functional information.

SXT beamline is a transmission full-fill microscopy, it covers the energy range of 260-2,600 eV at the Taiwan
Photon Source (TPS) and is shown in Fig. 1. The photon beam from bending magnet source is collected by a
pair of Kirkpatrick-Baez (KB) mirror and a refocusing vertical mirror. The beam is focused to the exit slit position,
or secondary source position. This is the source for a condenser in microscopy. The optic of the plane-grating
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Fig. 1: Photography of SXT beamline.
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monochromator (PGM) with varied line spacing is
adopted to provide secondary source in a fixed posi-
tion at different energies for a condenser in soft X-ray
microscopy.® This beamline has been installed com-
pletely in the low energy part, between 260-1,200
eV. Commissioning started at the end of 2017. During
the beamline commissioning, a photodiode and gas
ion chamber are placed in downstream of the exit slit
for photon flux and photoabsorption spectrum mea-
surement, respectively. The results suggest that the
photon flux is above 3.0 x 10" photons s at a mo-
no-energy of 520 eV, and the resolution from K-edge
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Fig. 2: TPS 24A soft X-ray tomography.

photoabsorption spectrum of N, gas is at least 2,000;
it meets the beamline design specifications. The mi-
croscopy is designed with an association of capillary
condenser and an objective Fresnel zone-plate as the
objective lens. In addition, two alternatively objective
zoneplates with the width of outermost zone 25 nm
and 40 nm are provided to achieve a spatial resolu-
tion of 15-30 nm for 2D imaging and 50 nm routinely
for 3D tomography. Moreover, a charge-coupled
device (CCD) detector is applied to acquire the im-
ages from different projections. Due to the variable
focusing positions of the images from zoneplate at
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Fig. 3: Schematic diagram of SXT correlation with fluorescence 3D-SIM.
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different energies, the detector is designed to be
moveable, traveling to meet the required distance at
the focusing position. Figure 2 shows the photogra-
phy of SXT endstation at TPS 24A.

The microscopy with some optics in the vacuum
chamber is located downstream of the secondary
source, sequentially with the optics of a stopper,
capillary condenser, sample, zoneplate and a detec-
tor. Moreover, the location of sample is 43 m from the
bending magnet source. To assist studying bio-sam-
ple in the region of interest, this endstation is also
equipped with a high resolution fluorescence 3D-SIM
which is located 70° off from the beam of SXT on-line
correlated with SXT. Figure 3 shows a schematic dia-
gram of SXT correlation with fluorescence 3D-SIM. In
commissioning, the photons with 520 eV are provid-
ed to image the sample. Before the image measure-
ment, the position of capillary condenser and zone-
plate has to be optimized by adjusting the movement
of the stages. A phosphor screen, which is placed in
the downstream of zoneplate, is adopted to monitor
focused photons, those photons are collected by cap-
illary condenser and zoneplate. Following, a spatial
resolution of 50 nm Half-Pitch for standard Nested L's
sample was obtained, and around 45 nm in 2D image
of tungsten pin was achieved. Currently, tomography
of tungsten pin sample was acquired by rotation the
sample stage, and the images were reconstructed.
Figure 4 displays the 2D and 3D images of a tungsten
pin sample. Soft X-ray beamline at TPS has performed
preliminary commissioning results with photon en-
ergy of water window at 520 eV. To avoid radiation
damage, bio-sample and its environment should be
kept under cryo-condition. Therefore, some challeng-
ing missions, such as cryo-sample transferring system,
cryo robot system and cryo-sample rotation, will be car-
ried out in the coming year. (Reported by Lee-Jene Lai)

(a) (b)

Fig. 4: Images of (a) 2D and (b) 3D of tungsten pin sample were
acquired at TPS 24A.
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Quick-Scanning X-ray Absorption Spectroscopy

Beamline at TPS

he newly constructed beamline, TPS 44A, conducts X-ray absorption spectroscopy (XAS) experiments, col-

lecting X-ray absorption near edge structure (XANES) and extended X-ray absorption fine structure (EXAFS)
spectra. It is equipped with a new quick-scanning monochromator (g-mono) which provides the conventional
step by step scan (s-scan) but also an on-the-fly scan (g-scan). The g-scan experimental technique facilitates the
collection of XAS spectra on the millisecond timescale. This opens up the possibility of experimental measure-
ments under in-situ/in-operando environments to monitor such things as the charging/discharging of batteries

and the chemical processes within catalysts.



The constructions of TPS 44A was completed at the
end of 2017 and opened to users in September 2018.
The banding magnet with a magnetic field 1.19 T is
used to produce a beam spot approximately 250 (H)
x 750 (V) um? in size with a photon flux of 3 x 10"
photons per second. The Ni K-edge EXAFS spectra of
a Pt/Ni nanocomposite was used to test the perfor-
mance of the g-scan experimental technique. Figure
1 displays the normalized Ni K-edge EXAFS spectra
obtained via both the s-scan and g-scan respectively,
in transmission mode. The g-scan data were collected
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Fig. 1: The Ni K-edge XANES and EXAFS spectra of Pt/Ni nanocom-
posites.
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with the g-mono oscillating at 1 Hz for 2 min-
ute. Two spectra were completed every second
which means that 120 spectra were averaged
to produce Fig. 1 with its improved S/N ratio.
The s-scan mode took about 30 minutes for
one spectrum (compared to 1 minute for g-scan
mode). The resultant spectra perfectly overlap in
both the XANES and EXAFS regions, indicating
the reliability and reproducibility of the g-scan
method. The data collection time has therefore
drastically decreased due to the successful de-
velopment of g-scan technique, improving the
operating efficiency of the beamline. The very
fast data acquisition rate also reduces radiation
damage seen in biological research opening up
new possibilities in this area of science. The right
inset of Fig. 1 shows the Ni K-edge k-space os-
cillation data of Pt/Ni nanocomposite. The spec-
tra collected via g-scan is much smoother than
s-scan, particular at the region of k value larger
than 8, indicating that the g-scan experimental
technique is not only a faster way to acquire
data but it also improves the data quality. The
conventional measurement methods for higher
and lower concentration samples are transmis-
sion and fluorescence XAS respectively. Typically,
the transmission mode is not suitable for a sam-
ple with a white line edge-jump smaller than
0.1. Figure 2(a) presents the Cu K-edge XANES
spectrum of Cu doped Pt/Ni nanocomposite
after 2 minutes at transmission mode using the
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Fig. 2: The Cu K-edge (a) XANES and (b) Fig. 3: The Pt Ls- and Ru K-edge XANES and EXAFS spectrum of Pt and Ru stan-
EXAFS spectrum of Cu doped Pt/ dard foil.

Ni nanocomposites.
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g-scan collecting method. The
spectrum is very smooth in the
XANES region although the white
line edge-jump of absorption co-
efficient was only 0.03. The clear
phase and strong amplitude of
EXAFS oscillations can be seen in
Fig. 2(b) makes the data suitable
for EXAFS data processing. This
study indicates that the g-scan
experimental technique improves
the detection limit of XAS trans-
mission measurement.

The most important reason to
develop the g-scan experimental
method was to provide a time
resolution technique for the study
of chemical processes on the
millisecond timescale. The studies
of chemical reactions, such as
oxidation/reduction process, ion
exchange/absorption and so on
are important to those studying
pure and applied sciences. The Pt
Ls- and Ru K-edge XANES/EXAFS
spectra of Pt and Ru standard
foils are used to demonstrate

the stability of the g-scan exper-
imental technique, see Fig. 3.
The up/down spectra collected
at frequencies up to 10 Hz have
excellent reproducibility in both
the XANES and EXAFS regions
proving that TPS 44A can now
provide a time resolution of 50
milliseconds to users. An in-situ
test case measurement of a Zn/
Cu battery during its charging/
discharging cycle was carried out
with a 1 Hz oscillating frequency,
and the results are shown in Fig.
4. Bing-Joe Hwang's group, from
National Taiwan University of Sci-
ence and Technology, designed
the Zn/Cu battery for this studly.
To measure the Cu K- and Zn
K-edge XAS spectra, the range of
photon energies scanned can go
up to 2,000 eV and by optimizing
the oscillating range of the g-mo-
no, both the Cu K- and Zn K-edge
spectra can be collected in one
scan. Clear features relating to
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Fig. 4: The in-situ measurement of Zn/Cu battery at the Cu K- and Zn K-edge
XANES spectra.

copper metal were found in the Cu K-edge XANES spectra (Fig. 4(a)), but
the Zn K-edge XANES spectra (Fig. 4(d)) shows an increase in unoccu-
pied 4p states of the Zn atoms during charging/discharging. Figure 4(c)
shows the time dependence of the Zn K-edge XANES region after a back-
ground from the Cu atoms has been subtracted. The monotonic increase
in intensity contains three different slopes, indicating that there are three
different states at the Zn electrode. The first region is the original elec-
trode, the second is that when Zn atoms are deposited at the electrode
from the electrolyte, and the third is the releasing of Zn atoms. The atoms
are released faster than they are deposited.

This test case showed that the states of Zn electrode can be observed in
real time under charging/discharging conditions via the in-situ/in-op-
erando XAS measurements. The experimental result provided critical
information on the dynamics within the battery device not possible with
the conventional XAS measurement methods. The g-scan experimental
technique is therefore a new powerful tool, provided by TPS 44A for
energy material research and chemical reactions in general. This instru-
ment brings new opportunities for scientific research to the academic
community in Taiwan and has become a very important facility for the
study of both basic science and industrial/applied research. (Reported by
Chih-Wen Pao)





