
104

Technical Reports on TPS

TPS

Fig. 1: Spectral Brilliance of the TPS insertion devices.

Fig. 2: Flow chart for LOI review.
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Phase I Beamlines of TPS

The Taiwan Photon Source (TPS) is a new 3-GeV 
ring to be constructed at the existing NSRRC site.  The 
high-brightness, low emittance ring is based on 24 DBA-
cell design with a ring circumference of 518.4 meter.  
Insertion devices located in six 12 m and eighteen 7 m 
straight sections can deliver X-rays with a brightness of 
1020 photons/sec·mm2·mrad2 (Fig. 1).  Moreover, the avail-
able energy of X-rays can be extended to 50 keV by using 
superconducting wiggler.  The new ring is scheduled to 
open to users in 2014.

The phase-I beamline plan was scheduled mostly 
based on the first run of calling for beamline Letter of 
Interest (LOI) in 2008.  There were total eleven propos-
als submitted.  Seven beamlines were granted for green 
lights after a series of review process (Fig. 2), based on 
the criteria of scientific merits, technical feasibility of 
reaching scientific objectives, alignment with NSRRC 
development plan, and an overall quality of the team.  
Complying with the operation of the TPS ring, seven 
phase-I beamlines, including:

1. Micro X-ray protein crystallography
2. High-resolution inelastic soft X-ray scattering
3. Sub-micron soft X-ray spectroscopy
4. Coherent X-ray scattering 
5. Sub-micron X-ray diffraction
6. X-ray nanoprobe
7. Temporal coherent X-ray diffraction

are under construction and scheduled to be completed 
by the end of 2014.  A tentative floor map and phase-I 
beamline allocation is depicted in Fig. 3.  The scientific 
plans and technical specifications of the beamlines are 
specified in the followings.

1. Micro X-ray protein Crystallography Beamline.

This proposal was prepared by the TPS protein 
crystallography beamlines working group organized by 
the Protein Crystallography Interest Group (PXIG).  The 
highly productive X-ray diffraction has made an unri-
valed contribution to structures at atomic resolution of 
all biological molecules such as proteins and DNA.  As 
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Fig. 4: Optical layout of the μ-PX beamline. 
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the technology of X-ray beam light 
and X-ray crystallography research 
are still incessantly developing, the 
research topics have expanded to 
the structure of macromolecules re-
lated to physiological function and 
even more complicated systems, i.e. 
liposome, lipo-membrane, carbo-
hydrate, enzyme, virus protein, drug 
molecule etc.  In research on biologi-
cal structure and functional relation-
ship, the advanced X-ray beamline 
has been used in structure-changing 
research to understand how those 
specific proteins regulate the ion 
channel closed or open on the lipo-
membrane, and how a penicillin 
molecule inserts into the entrance 
of a bacterial duplicating protein to 
block bacterial regeneration.  The 
optical layout of the beamline is 
shown in Fig. 4.

Energy range: 5.7 keV – 20 keV 
(wavelength 2.175 - 0.62 Å)
Light source: IU22
Beam divergence at sample: less 
than 500 μrad (H) and 100 μrad 
(V) at Se K-edge (0.98 Å)
Beam size: from 1 to 50 μm, lim-
ited by available aperture sizes.
Flux at sample (ph/s): larger than 
2.0 x 1012 through 50 μm x 50 μm 
aperture at Se K-edge (0.98 Å)

  
  

   

2. High Resolution Inelastic Soft 
X-ray Scattering (HR-IXS) Beam-
line

Resonant inelastic X-ray scat-
tering is a powerful bulk sensitive 
and emerging technique among 
synchrotron radiation-based spec-
troscopy, enabling us to address the 
complex excitation behavior near 
the Fermi level.  A high resolution 
inelastic soft X-ray scattering beam-
line is proposed to explore the col-
lective low-energy excitations and 

local d-d excitations of strongly cor-
related electron systems.  The key 
setups of this beamline are active-
grating monochromator (AGM) and 
active-grating spectrometor (AGS) 
(optical layout shown in Fig. 5) 
which is based on the energy com-
pensation principle.  Combined with 
the high-brilliance soft X-rays from 
the TPS, the signal (of IXS) collection 
efficiency of this beamline will be 
500 times higher than conventional 
SGM design, and the resolving pow-
er can up to 20000.

Energy range: 450 ~ 1500 eV
Light source: EPU48 x 2
Photon flux: > 1013 photons/sec
Resolving power: > 20,000
Beam size: < 100 μm (horizontal)

3. Sub-micron Soft X-ray Spectro-
scopy Beamline 

The scientific motivation for 
the proposed beamline is to enable 
electron spectroscopic measure-
ments on small single crystals, and 
to obtain reliable spectroscopic 
data from selected homogenous 
parts of larger crystals. A ultra-high 
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Fig. 6: Optical layout of Sub-micron soft X-ray Spectroscopy Beamline.
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strongly correlated transition metal 
materials.  The small beam spot 
allows also for carrying out high 
performance X-ray emission experi-
ments at a side-branch end-station. 
The optical layout of the beamline 
is shown in Fig. 6.

Energy range: 300 - 1500 keV 
Light source: U50
Energy resolving power: >50,000 
at 700 eV~ 750 eV 
Beam sizes: < 1 μm (FWHM)  

spectral resolution, high intensity 
photo-beam with a beam spot size 
smaller than 1μm × 1μm will allow 
angle-resolved or angle-integrated 
photoemission (PES) and polariza-
tion dependent X-ray absorption 
(XAS) experiments to investigate 
the electronic structure of these 
new systems with unprecedented 
capacity.  The beamline optical de-
sign will achieve a 15 meV photon 

Fig. 5: Optical layout of the High-Resolution Inelastic soft X-ray Scattering 

(HR-IXS) Beamline. 

resolution at 700 eV (i.e. a resolving 
power of 45,000), making highly 
detailed band mapping and Fermi 
edge studies with an overall energy 
resolution of 20 meV possible.  The 
use of 700 eV photons will provide 
reasonable bulk sensitivity as well 
as an optimal sensitivity for the 3d, 
4d and 5d spectral weight of the 
transition metal constituents, espe-
cially important for the study of new 

Energy range: 5 – 21 keV 
Light source: IU22
Energy resolution ( E/E): 10‐4 (Si 
111) 
Coherent flux: ~ 1010 photons/sec 
Beam sizes: few tens microns  

4. Coherent X-ray Scattering Beam-
line

The access to coherent X‐rays 
at TPS opens up the possibility of 
building X‐ray photon correlation 
spectroscopy (XPCS) facility.  XPCS 
measures the temporal changes in 
speckle patterns produced when 
coherent light is scattered by a 
disordered system, and it provides 
a very good method for the study 
of its fluctuations and dynamics.  A 
main advantage of this method is 
the possibility of the study of na-
noscale dynamics which comprises 
a multitude of collective processes, 
such as the visco‐elastic flow in liq-
uids, polymer dynamics, crystalline 
phase transitions, glass dynamics, 
and biological membrane.  Progress 
in reconstructing X‐ray speckle pat-
terns has encouraged scientists to 
work on materials from magneti-
cally disordered systems to mag-
netization dynamics.  XPCS is pro-
gressing in both the hard and soft 
condensed matter domain and cor-
relation times from microseconds 
to hundreds of seconds have been 
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Fig. 7: Optical layout of the Coherent X-ray Scattering Beamline.

Fig. 8: Optical layout of the Sub-Micron X-ray Diffraction Beamline. 
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recorded.  The optical layout of the 
beamline is shown in Fig. 7.

5. Sub-micron X-ray Diffraction 
Beamline

This sub-micron X-ray diffrac-
tion Beamline to be built in TPS will 
benefit the materials scientists and 
engineers who are dealing with var-
ious kinds of problems in the field 
of inorganic thin films, crystalline 
structure, soldering materials, multi-
component alloy, electronic packing 
materials, polymer, and semicon-
ductor.  The focused X-rays from the 
new sub-micro XRD beamline can 
provide area contour/surface map-
ping of concentration of elements 
at any given location and the ori-
entation of the grains/phases.  With 
the facilitated differential aperture 
3-D X-ray micro-scopy technique, 
the crystallography at different 
depth as well as the tensorial strain 
distribution and its evolution can be 

obtained.  This capability is expected 
to have a very significant impact in 
establishing new frontier of materials 
development. The optical layout of 
the beamline is shown in Fig. 8.

Energy range: 7 ~ 25 keV / white 
Light source: IU22
Energy resolution ( E/E): ≤ 2 × 
10-4 with Si(111)
Photon flux: > 1 × 1011 photons/
sec
Beam size: > 100 nm × 100 nm  
(H × V)
Working distance: 20 mm

6. X-ray Nanoprobe (XNP) Beam-
line

The XNP beamline and associ-
ated instruments are designed to 
utilize the highly brilliant TPS light 
source for resolving the atomic, 
chemical and electronic structures 
of semiconductor-base devices with 
a few tens nm spatial resolution in 
tomographic and nondestructive 
manners.The X-ray probes provided 
by the instrument include, X-ray 
fluorescence(XRF), X-ray absorption 
fine structures (XAFS), X-ray excited 
optical luminescence (XEOL) and 
Bragg-Ptychography (BP).  An off-
line SEM will also be available.  The 
developing Bragg-Surface Multiple 
Diffraction incorporated with BXP is 
to provide a novel interfacial scan-
ning mechanism and phasing algo-
rithm for 3D strain mappings.  The 
major scientific projects planned 
to be performed at the proposed 
beamline are mostly pioneering 
works closely related to practical 
semiconductor-based industrial ap-
plications.  The optical layout of the 
beamline is shown in Fig. 9.

Energy range: 6 - 15 keV
Light source: IU22
Photon flux: ≥108 photons/sec

  
  
 

Divergence: < 100 μrad 
Bendable incident beam for liq-
uid scattering experiments 
High harmonic contamination:  
< 10-3
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Fig. 9: Optical layout of the X-ray Nanoprobe Beamline.

Fig. 10:  Optical layout of the Temporal Coherent X-ray Scattering Beamline operated at the modes of (a) End station 1, and b) 

End station 2.
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7. Temporal Coherent X-ray Dif-

fraction Beamline 

A temporal coherent diffraction 
beamline with two end-stations, 

operated in a time sharing mode, 
is proposed.  End-station 1 (ES1) 
is mainly designed for temporal 
coherent diffraction experiments 
with ultra-high energy resolution 
of E/E = 1 ×  10-8 and end-station 
2 (ES2) is for X-ray scattering under 
extreme sample environment such 
as high magnetic field, high electric 
filed, and/or low temperatures.  This 
beamline aims to provide a means 

of extracting such spatial and tem-
poral information from coherent 
diffraction/scattering with ultrahigh 
temporal and spatial coherent X-
ray sources, which would facilitate 
the understanding of materials 
structures, functionality, synthesis, 
and design under various physical, 
chemical, and biological conditions.  
The optical layout for the beamline 
operated for various end stations is 

  
  

 

Energy resolution ( E/E): ≤ 2 × 
10-4 with Si (111) crystal
Beam size at focal point: ≤ 30 nm 
× 30 nm at 10 keV (H × V, FWHM)
High-order harmonics: ≤ 1 × 10-3
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Energy scanning range: 5 – 25 keV.
Photon flux: ≥ 1 × 1011 photons/sec.
Energy resolution ( E/E): ≤ 1.5 × 10-4 with Si(111)
Beam size at focal point: ≤ 30 μm × 20 μm (H × V,FWHM)
Beam divergence: ≤ 300 μrad × 200 μrad (H × V, FWHM)
High-order harmonics: ≤ 10-4

Energy scanning range: 5 – 25 keV.
Photon flux: ≥ 1 × 107 photons/sec.
Energy resolution ( E/E): ≤ 1.5 × 10-4 with Si(111), 
1×10-8 with Si(422), Si (422), Si(1153), Si(1153) at 
14.4 keV
Beam size at focal point: ≤ 500 μm × 100 μm (H × V, 
FWHM)
High-order harmonics: ≤ 10-4 Phase retarder for circular 
polarizer

 
  
 

 

 
 

 

 
  
 
 
 

End-station 2: Material study under extreme conditions shown in Fig. 10.

End-station 1: Temporal coherent diffraction and general 
scattering
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