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Fig. 4:	 Relative sensitivity factor f of an extractor ionization gauge for N2 (f 
= 1.00), H2 (f = 0.45), CH4 (f = 1.37), CO2 (f = 1.38) and He (f = 0.18). 
[Reproduced from Ref. 2]

As mentioned above, the standard leak element 
can be used to calibrate in situ an ionization 
gauge; Fig. 4 shows the relative sensitivity fac-
tors of an extractor gauge measured with the 
conductance modulation method.1 The relative 
sensitivity factors for N2, H2, CH4, CO2 and He are 
1.00, 0.45, 0.37, 1.38 and 0.18 respectively; these 
measured values coincide closely with the data of 
previous studies.

In summary, we demonstrated the feasibility 
of using femtosecond laser micromachining to 
create a novel standard leak element, of which 
the molecular flow conductance for nitrogen can 
be achieved as small as 2 × 10-9 L s-1. (Reported by 
Che-Kai Chan)
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Conceptual Design of TPS Phase-III Beamlines

T he third phase of the Taiwan Photon Source (TPS) 
beamline project is officially launched in 2021. This 

third phase of the beamline construction project includes 
five insertion devices and four bending magnets, for nine 
beamlines in total. Of these nine beamlines, three are soft 
X-ray beamlines, one is a tender beamline and the other 
five are hard X-ray beamlines. The primary object of the 
third-phase beamline is to move the beamline of the cur-
rent Taiwan Light Source (TLS) to TPS, and also serve users 
and provide the most updated technology. The third beam-
line project includes the following beamlines:

1. TPS 11A In-situ Serial Protein Crystallography Beamline
2. TPS 14A Small-angle X-ray Scattering Beamline
3. TPS 20A Two Dimensional X-ray Diffraction Beamline
4. TPS 32A Tender X-ray Absorption Spectroscopy Beamline
5. TPS 33A Dragon Beamline
6. TPS 35A Soft X-ray Absorption Spectroscopy Beamline
7. TPS 38A X-ray Absorption Spectroscopy Beamline
8. TPS 43A Ambient Pressure X-ray Photoelectron  
	      Spectroscopy Beamline
9. TPS 47A High-resolution X-ray Absorption Spectroscopy  
	      Beamline

The current construction schedule of the third phase of the 
TPS beamlines is shown in Fig. 1. The planned schedule is 
from 2021 to 2026; the construction of these nine beam-
lines is estimated to take six years. The floor map of the TPS 
beamline is presented in Fig. 2.

The main purpose of the third phase of the beamlines is to 
relocate the beamlines of the current TLS and to continue 
to develop and to achieve the most important scientific 
topics. It contains more challenging protein crystallogra-
phy (PX) on site, mainly for proteins that cannot be suc-
cessfully resolved at present. The other eight beamlines 
include small-angle scattering, powder diffraction, dragon 
beamline, X-ray absorption spectrum, soft X-ray absorption 
spectrum, chamber pressure/vacuum photoelectron spec-
troscopy, soft X-ray absorption spectrum, etc.; all are trans-
ferred from the current TLS. The functions of these eight 
beamlines in operation is expected to replace the scientific 
research and development capabilities of TLS in the short-
est time. At the time of writing, a report of most conceptual 
design of these beamlines is finished, as introduced in the 
following paragraphs. 
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Port No. Phase-III Beamline 2021 2022 2023 2024 2025 2026

TPS 11A In-situ Serial Protein Crystallography Beamline
TPS 14A  Small-angle X-ray Scattering Beamline
TPS 20A Two Dimensional X-ray Di�raction Beamline
TPS 32A Tender X-ray Absorption Spectroscopy Beamline
TPS 33A Dragon Beamline
TPS 35A Soft X-ray Absorption Spectroscopy Beamline
TPS 38A X-ray Absorption Spectroscopy Beamline
TPS 43A

TPS 47A High-resolution X-ray Absorption Spectroscopy Beamline
Ambient Pressure X-ray Photoelectron Spectroscopy Beamline

TPS 11A In-situ Serial Protein Crystallography 
Beamline
The study of structure-function relations of macromolecules 
is a major aim in modern life science; synchrotron-based 
PX has become a powerful and fundamental technique to 
achieve that purpose. However, crystals of important mac-
romolecules, such as membrane proteins, pathogenesis- 
related proteins and viruses, have typically small sizes and 
poor diffraction quality. In addition, some protein crystals 
are tougher to treat (e.g. difficult to harvest or to freeze); 
these samples are so-called “hard-to-handle crystals”. Under 
this condition, NSRRC will build the third new PX beamline, 
TPS 11A, to tackle this challenging issue. The X-ray source 
of TPS 11A is an undulator (IU22) in vacuum and of length 
3 m, producing a highly brilliant X-ray beam. TPS 11A will 
house a liquid-nitrogen-cooled horizontal double-crystal  

Fig. 1:	 Construction schedule of TPS phase-III beamlines.

Fig. 2:	 TPS phase beamline map; phase I is shown in red, phase II in blue, and phase III in green.

monochromator (DCM), a liquid-nitrogen-cooled double- 
multilayer monochromator (DMM), a horizontal focusing 
mirror (HFM) and a pair of Kirkpatrick-Baez mirrors to focus 
the beam to a fine spot. Among them, the DCM provides 
a high-energy resolution mode for phasing experiments 
de novo and the DMM offers usage mode with high pho-
ton flux for high-throughput screening or data collection. 
The expected focused beam size at the sample position 
is designed for a range from 10 to 1 µm. TPS 11A will be 
equipped with a single-photon-counting pixel detector and 
a high-speed robotic sample changer for automatic sample 
mounting and centering, making the data acquisition more 
efficient. TPS 11A, in particular, will provide four operating 
modes for PX communities: a standard goniometer, in-situ  
or tray (SBS plate) screening, fixed-target (microfluidic 
devices and thin-film sandwich) and injector (lipidic cubic 
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Fig. 3:	 (above) Optical hutch with DCM and 
DMM mode. (right) The endstation 
consists of a pixel area detector (PAD), 
diffractometer, sample cooler, auto-
matic sample changer and alignment 
tables of TPS 11A.

Fig. 4:	 SAXS/WAXS with double-crystal DCM/DMM mode of TPS 14A.

phase (LCP) extruder) data collection. The optional mini-κ 
goniometer of the high-precision micro-diffractometer 
enables crystal reorientation. Substantial user support and 
remote access are also provided. The schematic drawing of 
the beamline and the design drawing of the endstation are 
shown in Fig. 3.

TPS 14A  Small-angle X-ray Scattering Beamline
A new TPS 14A Small-angle X-ray Scattering (SAXS)  
Beamline, with a bending-magnet as X-ray source of TPS at 
NSRRC, is planned for nanostructure-based research. The 
beamline will be equipped with a double Si(111) crystal 
with high energy resolution (ΔE/E = 2 × 10-4) in energy 
range 5–23 keV and a double Mo/B4C multilayer monochro-
mator for 10–30 times greater flux (1012 photons/s) in the 
6–15 keV range. These two monochromators are incorpo-
rated into one rotating cradle for quick exchange. The SAXS 
instrument, situated in an experimental hutch, comprises 
collimation, sample and post-sample stages. The sample 
stage can accommodate various sample geometries for 

thin films, and solution and solid samples. The post-sample 
section consists of a 1-m WAXS section with an area detec-
tor (hybrid photon counting or complementary metal-ox-
ide-semiconductor (CMOS) type), a vacuum bellows (1–8 
m), a two-beamstop system and the SAXS detector system 
with an area hybrid photon-counting detector, all situated 
on a motorized optical bench for motion in six degrees of 
freedom. Synchronized SAXS and WAXS measurements are 
realized via a data-acquisition protocol that can integrate 
the area detectors for SAXS and WAXS (Eiger2 X or X-ray 
flat-panel detector); the protocol also incorporates auto-
matic sample changing and programmable temperature 
control for efficient data collection protocols. In particular, 
the vacuum bellows of large inner diameter provides con-
tinuous changes in the distance from sample to detector 
under vacuum. The performance of the instrument is 
illustrated via several measurements, including (1) simul-
taneous SAXS/WAXS detecting hierarchical structure for 
block copolymer complexes, polymer crystallization and 
polymer composites, (2) SAXS/WAXS/ X-ray absorption 
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near edge structure (XANES) for studying the structural 
change of a flexible supercapacitor with an external force, 
(3) grazing-incidence small-angle X-ray scattering (GISAXS)/
GIWAXS for organic photovoltaic thin films formed in situ 
during spin-coating and thermal annealing, (4) GISAXS for 
silicate films formed in situ at the air-water interface, and 
(5) a microbeam SAXS/WAXS mode for structural map-
ping of textures. The schematic drawing of the beamline is 
shown in Fig. 4.

TPS 20A Two Dimensional X-ray Diffraction Beamline
For an investigation of any scientific great thought that 
might be possible through structural analysis of the ma-
terials, it is an important issue to investigate the chemical 
and physical properties. X-ray diffraction is the major and 
efficient technique to obtain structural information. The 
two-dimensional X-ray diffraction beamline includes two 
important methods of material analysis: powder X-ray 
diffraction (PXRD) and grazing-incidence X-ray diffrac-
tion (GIXRD). Both techniques are mature and popular in 
widespread scientific use, such as semiconductor science, 
material science, physics, chemistry, geoscience and phar-
maceutical science.

The two-dimensional X-ray diffraction beamline at TPS will 
have high throughput and be a world-leading material- 
science facility. The main optics compises a collimating mirror, 
a water-cooled DCM with Si (111) crystals and a focusing 
mirror. The X-ray beam will be focused at the sample posi-
tion (45 m) with beam size 300 × 300 μm2, and have ad-
justable X-ray energy in the range between 10 and 30 keV. 
The endstation consists of a multi-function sample stage 
and a large-area detector. A capillary sample-rotation stage 

is designed to collect high-quality powder-diffraction data 
and to eliminate the effect of texturing. Another stage, a 
high-precision hexapod stage can meet both demands to 
perform grazing-incidence diffraction experiments and 
sample environment device setting. For the detection 
system, an area detector of large sensitive area (311 × 327 
mm2) and small pixel size (75 × 75 μm2) is sufficient to meet 
the needs of versatile researchers in all aspects of study.

The major functions of the two-dimensional X-ray diffrac-
tion beamline are listed as follows.
•	Grazing-incidence diffraction: Diffraction data measure-

ments for thin film, bulk and pellet samples.
•	Powder-diffraction studies: Structural characterization or 

Rietveld refinement for crystalline samples.
•	High-throughput studies: Quick measurements for a large 

quantity of powder samples.
•	In-situ studies and non-ambient environments: Measuring 

diffraction datasets during varied non-ambient environ-
ments, such as heating/cooling, increasing/decreasing pres-
sure, various gas flows and charge/discharge of a battery. 
The schematic drawing of the beamline and the design 
drawing of the endstation are shown in Fig. 5.

TPS 32A Tender X-ray Absorption Spectroscopy 
Beamline
The tender X-ray absorption spectroscopy beamline in TPS 
covers a unique energy range (1.7–10 keV), allowing the 
collection of the spectra at K-edges for chemical elements 
from Si (1839 eV) to Zn (9659 eV) and L-edges for the 
second-row transition metals. Even the M-edges of some 
rare-earth and 5d elements can be measured. As the ener-

Fig. 5:	 (above) Optical layout of beamline TPS 
20A. (right) The preliminary design of 
the endstation consists of a rotation 
stage, a hexapod stage and a large- 
area detector.

gy range of tender X-rays is not 
easily accessible with a grating 
monochromator, two DCMs, 
with a pair of either Si(111) or 
InSb(111), will be installed in this 
beamline. The double-bounce 
high-order harmonics-rejection 
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mirrors (HHRM) inserted before the collimating mirror 
(CM) and the DCM has a key role and is an effective way to 
decrease the thermal load of the CM and first crystal of the 
DCM. The overall beamline performance will thus attain 
acceptable high levels to deliver a photon flux ~1012 @ 5 
keV (photon/s) and a resolving power (E/∆E) up to 7000. 
Beamline TPS 32A will provide X-ray spectroscopic tech-
niques such as X-ray absorption spectroscopy (XAS) and 
hard X-ray photoelectron spectroscopy (HAXPES), along 
with a microprobe imaging capability. XAS technique will 
be routinely employed to probe the electronic and atomic 
structures of specific elements in the sample. The detection 
limit of the multi-sensor fluorescence silicon-drift detector 
(SDD) might reach about monolayer (a few ppm) levels. In 
contrast, HAXPES with a high-quality electron-energy ana-
lyzer can probe properties in deeper layers of the samples 
and access core-level electrons. Various furnaces, cryostats 
and in-situ cells for varied sample environments will be 
available on request. This beamline will hence be suitable 
for application to various scientific and industrial fields that 
include physics, chemistry, material science, chemical engi-
neering, geology, biology, earth and environmental scienc-
es. All designs are to provide diversified and user-friendly 
experimental conditions and environments to maximize the 

scientific output. Figure 6 shows the schematic drawing of 
the beamline (above) and the design drawing of the end-
station (below).

TPS 33A Dragon Beamline
Soft XAS is a technique for the study of the element-specific 
electronic structure of matter, and provides information 
about the valence state. Soft XAS is a promising method 
to study strongly correlated electron systems because the 
photon energy of soft X-rays covers the L-edge absorption 
of 3d- and 4d- transition metals. Furthermore, the magnet-
ic circular dichroism (MCD) in soft XAS is a powerful tool 
to study the magnetic properties, and to determine the 
spin and orbital moments of materials to study the funda-
mental electronic and magnetic physical properties. A vast 
development of a system for renewable energy materials 
has become an important topic due to the current energy 
crisis. Soft X-ray absorption spectroscopy combined with an 
in-suit/operando electrochemistry cell becomes an import-
ant setup to study the physical and chemical properties of 
energy materials, such as renewable fuel, solar cells, super-
capacitors, CO2 reduction, catalysis of air pollutants, etc. 
TPS 33A Dragon Beamline at TPS phase III is expected to 
provide renewed research opportunities for the subject of 

Fig. 6:	  (above) Optical layout and (below) endstation setup of TPS 32A tender X-ray absorption spectroscopy beamline.



Facility Status 103

Fig. 7:	 Optical layout of TPS 33A Dragon Beamline.

magnetic materials and energy materials. The energy range 
of the TPS Dragon Beamline is focused on 90–3000 eV. 
For quick polarization switching, we use an orbital-bump 
scheme; the source includes two EPU66, a fast kicker system 
and a phase corrector at a long straight section of TPS. The 
total length of the beamline is about 44 m from the center 
of the straight section to the sample position. The photon 
flux at the sample position is required to be more than 1 × 
1012 photons·s-1 with energy resolving power 20,000. The 
beam size at the sample position is required to be about 10 
× 10 µm2 at both branches. The key part of this beamline is 
a novel design of monochromator system—the active-mirror 
and plane-grating monochromator (AM-PGM). This design 
lets us have a capability to perform parallel detection in 
transmission or reflection XAS and MCD at endstation-I. 
Endstations-II and -III are for high-magnetic-field magnetic 
circular dichroism (HF-MCD) and in-situ/operando XAS,  
respectively. The schematic drawing of the beamline is 
shown in Fig. 7.

TPS 35A Soft X-ray Absorption Spectroscopy 
Beamline
Soft XAS performed at a synchrotron light source with in-
tense and tunable X-ray beams is well known as a powerful 
tool to determine the electronic structures, such as valence 
state, spin state and site symmetry of the element-specific 
absorbing atoms of materials by exciting electrons in a rel-
atively shallow core layer into unoccupied energy levels or 
unbound continuum states. The soft XAS technique at TPS 
35A beamline operating in photon energy range 100−3000 
eV enables one to probe broad elements such as the 
3d-transition-metal (L2,3-edge spectrum), rare-earth (M4,5-
edge spectrum) and ligand elements (K-edge spectrum) 
such as carbon, nitrogen, oxygen, fluorine, phosphorus, 
sulfur, which are commonly observed in diverse practical or 

potential applications such as a two-dimensional semicon-
ductor, superconductivity, pyroelectricity, giant magnetore-
sistance, magneto-optical, semi-metal, electro- or photo- 
catalysis, lithium-ion battery (LIB) and other characteristics. 
Endstation TPS 35A will also provide new scientific oppor-
tunities for the investigation of the interfacial phenomena 
occurring in the electrode/electrolyte of a LIB, and hydro-
gen evolution/oxidation, oxygen evolution/reduction, car-
bon dioxide reduction of electro- (or photo)-catalysis mate-
rials, respectively, which have received enormous attention 
in recent years because of the development of SiN-window-
sealed liquid (or gas) cell system. Beamline TPS 35A at TPS 
utilizes the light generated from an elliptically polarized 
undulator (EPU) with a rapid energy-scanning-speed 50 
eV/20 s by continuously varying the undulator gap with 
the minimum gap 15.0 mm and switching among the 
harmonics number 1–5. The estimated photon flux on the 
sample with maximum 3.6 × 1012 photons·s-1· (0.1% bw)-1 
and beam size ~100 × 100 μm2 can be obtained based on 
an optimized design of beamline optics as shown in Fig. 8. 
Endstation TPS 35A as shown in Fig. 8 enables collection 
of partial/total electron-yield and fluorescence-yield X-ray 
absorption spectra to probe a material at varied depth from 
the surface state (~1 nm) to the near-surface state (~5 nm) 
and to the bulk state (~100 nm), which will be available to 
meet the demands of all users in exploring the properties of 
materials in a wide range of disciplines.

TPS 38A X-ray Absorption Spectroscopy Beamline
There are at present four XAS beamlines (TLS 01C1, TLS 
07A1, TLS 16A1, and TLS 17C1) at TLS and one quick- 
scanning X-ray absorption spectroscopy (QXAS) beamline 
(TPS 44A) at TPS. In the TPS Phase-III project, we plan to 
build a new beamline at bending magnet port #38. This 
beamline TPS 38A is designed to cover an energy range 
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Fig. 8:	 (above) Optical layout of the TPS 35A beamline. (left) Schematic view of  
endstation TPS 35A.

Fig. 9:	 (above) TPS 38A optical layout. (below) Schematic view of XAS and XES endstations.

XES endstation XAS endstation
4.5−34 keV for XAS experiments 
and serve a wide range of users. The 
beamline will consist of several optical 
devices including a three-reflective 
-stripe (Si, Rh, Pt) collimating mirror 
(CM), a Si(111) channel-cut quick- 
scanning monochromator (Q-Mono), 
a bilayer-coated (12.5 nm Al2O3/50 
nm Pt) toroidal focusing mirror (TFM) 
and a two-stripe (Si, Rh) HHRM. With 
grazing angle 4.5 mrad of HHRM, the 
high harmonic ratio 1 × 10-4 can be 
achieved with flux greater than 2 × 
1011 photons/s at 10 keV. Under opti-
mized conditions, the calculated spot 
size is 56 × 64 µm2 (H × V) full width 
at half maximum (FWHM) at the focus 
position. The main techniques at TPS 
38A are conventional transmission 
and fluorescence XAS, high-energy 
resolution fluorescence detected 
XAS, and X-ray emission spectroscopy 
(XES). The rapid-scanning capability 
of the monochromator will allow 
time-resolved measurements of chemical 
reactions and structural transformations 
under conditions in-situ and operando. 

The XAS experimental station will consist of several grid-ion chambers, slits, optical 
choppers, high-precision motorized stages and a multi-sensor SDD to perform 
time-resolved XAS measurements in transmission and fluorescence modes. The 
XES experimental station will consist of a wavelength-dispersive spectrometer 
based on a Von Hamos geometry and a 2-dimensional area detector for time- 
resolved studies. We plan also to offer the capability of powder diffraction using a 
2-dimensional area detector and a Raman spectrometer. Those techniques can be 
used in combination or separately to measure various characteristics of the same 
sample. Various reaction cells and micro-reactors, combined with XAS/XRD and 
XAS/Raman will be developed for specific purposes. Applications are consequently 
expected to cover a broad span of various disciplines from materials, chemistry, 
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to form APXPS endstation I. This endstation will continue 
to be used mostly for gas-solid research but operating at a 
much greater pressure up to 100 mbar. APXPS endstation 
II at the end of this beamline will be designed to study the 
liquid-solid interface using the dip-and-pull method, espe-
cially related to electrochemistry applications. The schemat-
ic drawing of the beamline and the design drawing of the 
endstation are shown in Fig. 10.

TPS 47A High-resolution X-ray Absorption  
Spectroscopy Beamline
High-energy-resolution hard-X-ray absorption spectroscopy 
(HER-XAS) and high-energy photoelectron emission spec-
troscopy (HAXPES) are advanced and powerful techniques 
for the determination of valence state and local atomic 
electronic structure of absorbing atoms in materials, and 
have become popular and wide applications for experi-
mental technology of synchrotron research. The evolution 
of the valence of a sample is crucial to a comprehensive 
understanding of dynamic processes with experimental 
conditions in situ/operando. For this purpose, TPS 47A 
High-resolution X-ray Absorption Spectroscopy Beamline 
is dedicated to nanomaterial research and next-genera-
tion semiconductor development on applications in situ/
operando. Two experimental endstations—HER-XAS and 
HAXPES—are to be built and installed on this beamline. TPS 
47A is a beamline with great brightness and high energy 
resolution using an undulator device and a high-resolution 
crystal monochromator, as well as also providing a small 
beam spot, less than 20 µm, in both endstations. The high- 
energy-resolution X-ray-absorption spectral measurements 
can provide more detailed information about electronic 

physics to environmental and biological science as well as 
industrial fields. The schematic drawing of the beamline 
and the design drawing of the endstation are shown in Fig. 9.

TPS 43A Ambient Pressure X-ray Photoelectron 
Spectroscopy Beamline
Ultra-high vacuum (UHV) X-ray photoelectron spectros-
copy (XPS) is a powerful tool for surface analysis and can 
be applied to study the chemical state and elemental 
composition of surface layers in solid samples. In contrast 
to a high-vacuum requirement of UHV-XPS, ambient pres-
sure XPS (APXPS) can conduct a real-time investigation of 
gas-solid, liquid-solid and liquid-gas heterogeneous reac-
tions at a pressure up to the mbar range. This capability 
allows researchers to study critical physical and chemical 
processes previously inaccessible in many research areas, 
including catalysis, energy storage and environmental 
science. Here we report a dedicated, high-photon-flux 
beamline for AP/UHV XPS experimental endstations at TPS 
43A. The optical design of this beamline is based on an 
AM-PGM; the X-ray source is from an elliptically polarizing 
undulator with magnetic period 56 mm, which can pro-
duce a photon flux greater than 1012 photons·s-1, in energy 
range 200 to 3000 eV with resolution power 10,000. Three 
experimental endstations arranged in tandem are to be 
installed in this beamline. The UHV-XPS endstation, located 
upstream, is sourced from an X-ray microbeam of area 10 
(H) × 10 (V) µm2. This endstation will be dedicated to the 
conventional photoelectron spectroscopic investigation of 
micrometre-size solid samples. The existing APXPS endsta-
tion at TLS 24A1 will be upgraded based on usage survey 
results and then moved to the middle endstation location 

Fig. 10: Preliminary optical and endstation layout for TPS 43A.
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Fig. 11:	 Beamline TPS 47A concept drawing with undulator, DCM, high-resolution monochromator 
and focusing mirror. Two endstations—ES1: HER-XAS and ES2: HAXPES—are to be built at 
this beamline.

structure and spin states of materials studied for user research on a wide range 
of hard X-ray energy (including 3d, 4d K edge and 5d L edge). The multi-analyz-
er system can significantly improve the efficiency of data collection and cover a 
wide energy range of measurements at the HER-XAS endstation. The HAXPES 
endstation exhibits a high penetration depth and bulk-sensitive spectra using 
hard X-rays, and provides the electronic structure of the inner layer or interface of 

High-Resolution Powder X-ray Diffraction

T PS 19A is a dedicated powder X-ray diffraction beam-
line, which was designed particularly for structure 

determination and structural dynamics in situ. It includes a 
high-resolution station (TPS 19A1) and a general-resolu-
tion station (TPS 19A2) for diverse scientific purposes and 
applications. TPS 19A was planned not only to investigate 
an average structure for periodic crystalline systems but 
also to analyze the local structures of nano- and amorphous 
materials. Rapid and high-resolution diffraction with atomic 
pair distribution function (PDF) was therefore both consid-
ered and proposed. As expected, powder diffraction is an 
essential and mature technique for material science, but 
we devoted effort to keep the design cover both innovative 
and conservative. A great breakthrough was made to use 
a cryogenic undulator in vacuum (CU15, length 2 m) as a 
radiation source. CU15 was the first to be operated near 
liquid-nitrogen temperature (83 K) in TPS and was made 
by our magnet group.1 Based on the character of CU15, the 
X-ray energy of 19A can cover from 10 to 40 keV, which 
will create extensive experimental possibilities for diverse 
research fields. The beamline specifications are shown in 
Table 1. From 2018 to 2020, after beamline construction 
for three years, 19A has been ready for commissioning and 
invited experiments and open for user operation (10%) in 

Photon energy range 10－40 keV
Photon flux @ 10 keV > 1013 photons/s
Energy resolution ΔE/E < 10-4

Beam size
500 x 500 μm2 
20 x 20 μm2 (focused beam)

Detectors
• Multi-crystal analyzer 
• MYTHEN 18K 
• XRD1611

Table 1: Specifications of TPS 19A high-resolution powder X-ray   
   diffraction beamline.

the sample. The liquid-solid interface 
sample under nearly ambient pressure 
experiment can also be performed in 
our HAXPES endstation. Both experi-
mental endstations will be introduced 
and installed with various experimental 
environments in situ/operando, such 
as applied bias, electrochemistry, high 
pressure and temperature dependent, 
etc. We expect that these two endsta-
tions will greatly help not only for user 
research in energy and semiconductor 
study but also for industrial applica-
tions. The schematic drawing of the 
beamline is shown in Fig. 11. (Report-
ed by Gung-Chian Yin, Chun-Hsiang 
Huang, Chun-Jen Su, Yen-Chung Lai, 
Chi-Liang Chen, Wen-Bin Wu, Shu-Chih 
Haw, Ting-Shan Chan, Chia-Hsin Wang, 
and Yen-Fa Liao)

2021 Q1. The preliminary commissioning results appear in 
Fig. 1. The gap of CU15 can be decreased to a really chal-
lenging value, 4.5 mm. It can provide an extremely bright 
X-ray photon flux. The detailed experimental conditions 
and non-ambient devices provided are listed in Table 2; 
high or low temperature, high pressure, gas or solvent 
loading system, electrochemistry are all integrated to the 
data collection program, and user-friendly and easy data 
reduction macros are also provided.

The first endstation, the so-called high-resolution powder 
X-ray diffraction station, has been operated in TPS 09A 




