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Status of TLS and TPS Accelerators

Taiwan Light Source (TLS)

Machine Parameters of TLS
As a compact synchrotron light source but with nine tradi-
tional and superconducting insertion devices in total that 
have served users for 26 years, TLS accelerator features 
top-up injection, superconductivity RF-module operation 
and modern feedback technologies. Listed in Table 1 are 
the major parameters of the TLS storage ring for current 
operation, whereas locations of insertion devises and 
related parameters are shown in Fig. 1 and listed in Table 
2, respectively.

Table 1: Main parameters of TLS storage ring.

Beam energy (GeV) 1.5
Number of buckets 200
Current (mA) 360
Horizontal emittance (nm·rad) 22
Vertical emittance (pm·rad) 88
Tunes (νx/νy) 7.303/4.175
RF voltage (MV) 1.6
Lifetime (hour) 7.5

Table 2: Main parameters of insertion devices in TLS.

W200 U50 U90 EPU56 SWLS SW60 IASWA IASWB IASWC
Type Hybrid Hybrid Hybrid Pure SC SC SC SC SC
Period length

(mm)
200 50 90 56 250 60 61 61 61

Photon energy

(eV)
800−15k 60−1.5k 5−500 80−1.4k 2k−38k 5k−20k 5k−20k 5k−23k 5k−20k

 

EPU56

SWLS

SW60

IASW60-R4

W200

IASW60-R6
U90

SRF Cavity

IASW60-R2

U50

TLS

Fig. 1:  Layout of the TLS accelerator.

Statistics of TLS Machine Operation
At the beginning of 200-mA top-up injection operations in October 2005 directly after installation of the SRF module, TLS 
gradually raised the stored beam current to achieve 360 mA in 2010. Performance indicators for TLS operation from 2011 
to 2020 are shown in Fig. 2, in which availability is defined as the ratio of delivered user time to the scheduled user time, 
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Mean Time Between Failure (MTBF) 
as the ratio of scheduled user time 
to number of faults, and beam-sta-
bility index as the photon-intensity 
variation shot to shot of the diag-
nostic beamline with a ratio better 
than 0.1%. In summary of 2020, the 
availability was 93.3% with a sched-
uled user time 5,112 hours; MTBF 
was 232.4 hours, and beam stability 
was 95.5% with 0.1% tolerance. In 
November, the klystron of the LINAC 
failed; the only spare klystron was 
sent back to its manufacturer THALES 
in France for high-power test due to 
an impact loading during air delivery. 
It took ten days to try to recover the 
failed klystron; the availability thus 
decreased from 97.6% to 93.3%. In 
December it took another three days 
to replace it with the delivered new 
klystron.

Downtime and Failure Analysis 
of TLS
In 2020, in total there were 22 beam 
trips. The accumulated downtime of 
each subsystem is shown in Fig. 3, 
with 344.3 hours in total. The major 
downtime, 303.7 hours, was contrib-
uted from the LINAC system, in which 
the klystron event took 301 hours. The 
others including earthquake, power 
spike, noise, beamline, injection kicker, 
RF system etc. became minor in 2020. 

Table 3: Main parameters of TPS storage ring.

Beam energy (GeV) 3
Circumference (m) 518.4
Current/design (mA) 450/500
Number of buckets 864
Beam emittance (εx/εy) (nm·rad) 1.6/0.016
Momentum compaction (α1/α2) 0.0024/0.0021
RF voltage (MV) 2.8
Synchrotron tune (νs) 5.42 x 10-3
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Fig. 3: Downtime contribution of TLS accelerator in 2020.  (Downtime 344.3 hours)

Fig. 2: Summary of beam-stability index 0.1%, availability and MTBF of TLS from 2011 to 2020.

Taiwan Photon Source (TPS)

Machine Parameters of TPS
As a synchrotron light source opened to users less than 
five years ago, TPS accelerator features low emittance, 
top-up injection, superconductive RF-module operation 
and high stability. Listed in Table 3 are the major parame-
ters of the TPS storage ring for current operation. The TPS 
accelerator tunnel includes a storage ring and a booster 
ring concentrically. 

Statistics of TPS Machine Operation
TPS was first opened to users in the last quarter of 2016 with beam current 300 mA, raised to 400 mA in December 2017, 
and then regularly reached 450 mA in the latter days of 2020. Both scheduled and delivered user time and the availability 
since 2018 are shown in Fig. 4, quarter by quarter. In 2020, the annual availability was 98.5% with scheduled user time 4,647 
hours; MTBF attained 160.2 hours as shown in Fig. 5 together with the year statistics since 2017.
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Fig. 4: User time and beam availability of TPS since 2018.

Fig. 5: MTBF and beam-trip statistics of TPS since 2017.

Fig. 6: Beam-trip distribution of TPS accelerator in 2020.  (28 trip events)
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Downtime and Failure Analysis 
of TPS
In 2020, there were 28 beam trips 
and downtime 68 hours in total. The 
contributions from each subsystem 
are illustrated in Figs. 6 and 7, respec-
tively. The sub-systems are all gradu-
ally improved in past years to achieve 
stable operation.  
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Fig. 7: Downtime distribution of TPS accelerator in 2020.  (Downtime 68 hours)

PS, 6.24, 9%

Cryogenic, 0.00, 0%

BD, 2.37, 3%

RF, 6.70, 10%

I&C, 8.25, 12%

Operation, 0.47, 1%

Magnet, 0.00, 0%

Vacuum, 25.02, 37%

Utility, 1.96, 3%

Safety, 0.69, 1%

Linac, 2.28, 3%

Other, 12.63, 19%

Beamline, 1.36, 2%

Introduction
Because demand for circularly polarized radiation is strong, insertion devices (ID) have been used to provide elliptical fields 
since the late 1980s. The trend is to increase both the degree of circular polarization and the brightness of the radiation. 
Among many ID designs, an elliptically polarized undulator (EPU) provides the greatest merit flux and has thus become 
the workhorse in several facilities. NSRRC has also been developing its own EPU since the 1990s. EPU56 (length 3.9 m) with 
period length 56 mm was the longest EPU in the world at the time, as seen in Fig. 1(a). It was installed at Taiwan Light Source 
(TLS, 1.5-GeV storage ring) in service to date. At Taiwan Photon Source (TPS, 3-GeV storage ring), the EPU continues to play 
an important role in fulfil the needs of EUV of the soft X-ray user community. Up to phase II, in total five EPUs have been in-
stalled, as seen in Table 1. It is worth noting that, for full utilization of the TPS straight section, the EPU installed this year has 
length 4.36 m; a new device, flat wire, is installed, which is expected to correct the dynamic multipoles induced by the EPU.

Table 1: History of EPU development at NSRRC.

Year Name Facility Contents Remarks
1999 EPU56 TLS λu

a = 56 mm, Gmin
b = 20 mm, Lc = 3.9 m longest EPU in the world, at that time

2015 EPU46 TPS

(phase I)

λu = 46 mm, Gmin = 14 mm, L = 3.8 m refurbished by NSRRC
2015 EPU48A

λu = 48 mm, Gmin = 13 mm, L = 3.4 m double EPUs for a long straight section
2015 EPU48B
2020 EPU66 TPS

(phase II)

λu = 66 mm, Gmin = 16 mm, L = 4.36 m flat wire installed within a gap

2020 EPU168 λu = 168 mm, Gmin = 27.2 mm, L = 4.36 m for EUV beamline, flat wire installed

Notes: a period length; b minimum gap; c physical length of EPU. 

Description of the Mechanical Structure
The EPU is composed of four Halbach arrays that regulate the amplitude and phase of the vertical and horizontal magnetic 
fields by the relative motion of the magnet arrays. On driving the diagonal arrays, the EPU can provide various polarizations, 
such as horizontal linear, circular and vertical linear (VL) polarization. As with general ID operation, the EPU varies the mag-
netic fields to fulfil the spectral tuning by opening and closing a gap of magnet arrays. In terms of the mechanical structure, 
the EPU has two driving systems to move magnet arrays: vertical movement to tune photon energy, longitudinal movement 
to control polarization. The vertical movement is achieved on fixing the magnet arrays on the backing beam, which opens 
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and closes vertically, as seen in Fig. 1(a). In contrast to a 
general ID, which suffers only a vertical attractive force, the 
EPU suffers changes in both attractive and repulsive forces 
and in three directions. A rigid frame and base are hence 
required to support the backing beams. A cast structure 
replaces the screwed-in frame to improve the stiffness of 
the member, as seen in a filled region (blue) in Fig. 1(b). 
Beginning with the Phase-I EPU, a freely sliding end of a 
backing beam was designed to diminish the mechanical 
deformation caused by thermal expansion and contraction 
of heterogeneous materials due to changes in ambient 
temperature.

Strategies to Resist Radiation Damage
In addition to a robust mechanical structure, the electron-
ics in a driving system must be stable, even in a radiation 
environment. Radiation damage to and protection for the 
EPU becomes a worthy item for discussion to obtain a reli-
able operation. The experience gained from commission-
ing and operation of the Phase-I EPUs at the TPS taught us 
that EPU driving systems can behave erratically following 
a beam dump or loss. According to the related research, 
this effect is attributed to the malfunction of memory 
elements in an optical encoder. Although the damage is 
“soft” and recovers after a power cycle, the Phase-II EPUs 
are designed with various strategies to address this issue. 
Encoders are enclosed in lead material of thickness more 
than 10 mm, which is a tenth and a half value layer re-
quired for gamma rays of energy 412 to 1,332 keV. The 

Fig. 1: Mechanical structure of an EPU. Side view (a) on the backing beam side. From top to bottom: EPU56 (TLS), EPU48 (TPS Phase I) and EPU66 (TPS 
Phase II). (b) In the direction of the electron beam. Left: EPU56 (TLS). Right: EPU66 (TPS Phase II). The magnet block and the fixed structure are 
enlarged in the figure.

distance between the encoder and the nominal electron 
beam position is increased; the distance with the Phase-II 
EPUs is more than twice as great as the least distance of an 
encoder in Phase I. The radiation dose of neutrons is thus 
supposed to be decreased by 50 to 75%. In addition, we 
reserve an installation space for a second encoder in the 
Phase-II EPUs. Apart from the encoders for TR-electronics, 
Renishaw’s encoders will be installed and tested.

Challenges and Methods for Optimization of the 
Magnetic Field 
To achieve the desired properties of radiation and to have 
no net effect on an electron beam are two main require-
ments of an EPU. To realize the former objective, the mag-
netic field is desired to be a purely periodic distribution. 
Radiation emitted from each pole has a correct correlation, 
resulting in constructive interference. The phase error 
describes the deviation of the phase between a real device 
with field error and an ideal one at each pole. The r.m.s. 
phase error, which has been shown to be well correlated 
with the spectral intensity, must thus be minimized. The 
first and second field integrals represent the exit angle and 
position of the electron beam, respectively. For the latter 
objective, these field integrals in transverse directions must 
be minimized, to effect a negligible multipole error. In 
contrast to a general ID, an EPU must be operated in several 
polarization modes, each of which must meet the specified 
requirements. How to arrange thousands of magnet blocks 
to fulfil the multiple requirements hence becomes the task 
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of optimization of the magnetic field for an EPU.

The optimization of a magnetic field consists of two parts: 
the first part is block selection and position determination, 
called magnet sorting; the second part is adjustment of 
the local magnetic field, called field shimming. If the mag-
net sorting has better results, less time is required for field 
shimming. To develop an effective sorting algorithm in the 
construction of an EPU is hence important. Before elimi-
nating errors, we must understand their source. Magnetic 
errors are classified generally into two groups: random and 
systematic. Random errors result primarily from the vari-
ation of the characterizations of individual permanent mag-
nets, such as the magnetic remanence, orientation of the 
magnetization and magnetic inhomogeneity. Mechanical 
error, especially the deflection of the backing beam, pro-
duces systematic errors. The magnet group has developed 
an efficient sorting algorithm that measures the strength 
of the magnetic field of each magnet and the mechanical 
accuracy of the entire machine. Based on these data, the 
distribution of magnetic field of the entire machine after 
installation of magnets can be expected to proceed as 
follows. The method of simulated annealing is then used to 
find the best arrangement. This method is similar to a grad-
ual cooling of liquids to form a crystalline state, as opposed 
to an amorphous state after a sudden cooling. This sorting 
code is effective. For example, with a phase-II EPU66, the 
r.m.s. phase error is as large as 30o when the magnets are 
randomly arranged, and is significantly decreased to 4.1o 
when the optimal arrangement is determined with the 
sorting algorithm, as seen in Fig. 2(a). The results of that 
optimization optimize not only the phase error but also the 
trajectory of the electron beam, as seen in Fig. 2(b). 

Field shimming of the magnetic field is applied in the final 
stage of tweaking the local magnetic field so as to optimize 
the performance. Several methods have been developed by 
the magnet group. The main approach is to perform a  

mechanical movement of magnets to a sub-millimetre 
extent. To perform tens of micro-scale adjustments, a move-
ment of magnet blocks using a screw-driven wedge and 
slide mechanism is convenient, which is called virtual shim-
ming; this method has been implemented for the TPS EPU 
and is almost a standard. The r.m.s. phase errors eventually 
decreased to 3.1°, as seen in Fig. 2(a). These results maintain 
a great spectral intensity, even for a high harmonic energy. 

Schemes to Diminish Beam Dynamic Issues
After improvement of the spectral intensity, the next issue is 
to minimize the net effect on an electron beam. The inte-
gral along the actual trajectory of an electron beam must 
be considered. This integral can be divided into two parts, 
static and dynamic field integral. The inhomogeneity of the 
magnet blocks contributes static multipole errors, which 
become measurable using a stretched wire system. In the 
case of an EPU, there is a discrepancy of the field integral 
between separate phase modes, resulting in a phase- 
dependent multipole error. The magnet group manipulated 
iron shims with phase-dependent properties to solve this 
issue. Besides understanding the behaviour of an iron shim 
on a vertical and horizontal magnetization magnet block, 
symmetry theory has been used to determine the location 
of iron shims. After the implementation of iron shims, the 
vertical and horizontal field integrals of all phase modes 
were aligned within ± 15 G cm. The residual phase- 
independent field integral is generally decreased using 
magnet chips (i.e. magic finger), located at both ends of an 
EPU. The best arrangement of the chips was selected based 
on simulated annealing. Flattening of the field integral 
distribution was specifically optimized in the range ± 20 
mm. After shimming, the static field integrals are flattened 
within ± 25 G cm.

As the true trajectory of an electron beam in an ID is wig-
gling rather than linear, the static field integral can be used 
only to illustrate the case of an ID with a wide region of 

Fig. 2: (a) Distribution of phase error for three cases: random arrangement, the best sorting and shimming result. The number in brackets represents 
r.m.s. phase error. (b) Trajectory of an electron beam for random and sorting arrangements of magnets.
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effective field. The EPU has a narrow horizontal range of 
uniform field producing strong dynamic multipole errors. 
In the case of EPU66, the dynamic field integral of the VL 
mode extends to 210 G cm. To address the inherent prob-
lems of the EPU, the magnet group investigated both pas-
sive and active approaches. They first experimented with 
the use of iron shims (L-shim) attached to the corners of the 
magnets; this approach improved beam dynamics issues. 
It should be noted that the passive method is convenient 
but inaccurate for an inclined mode of an EPU and opera-
tion of the storage ring at varied energies. To be stable for 
universal operation, a prototype flat wire was installed on 

Fig. 3: Photographs of the EPU and flat wire installed in the TPS storage ring this year. From left to right are EPU66, EPU168 and flat wire on EPU chamber.

EPU66 EPU168 Flat wire

the chamber within the gap of the EPU56 at TLS during the 
2017 summer shutdown. The improved ring stability be-
came experimentally evident. 

Installation of a Phase-II EPU and Flat Wire
According to the experimental results and experience, both 
EPU66 and EPU168 of TPS phase II have been completed 
and installed with flat wire on October 2020, as seen in Fig. 
3. After that, the EPU will be commissioned according to 
the construction schedule of the front end and the beam 
line. (Reported by Ting-Yi Chung)

Global Tune Feedback in TPS

T aiwan Photon Source (TPS) is a 3-GeV dedicated synchrotron light source, consisting of 24 double bend achromat that 
provide six long straights and 18 short straights to accommodate insertion devices including in-vacuum undulators (IU) 

and elliptical polarization undulators (EPU). The side effects of the insertion devices on the storage ring are betatron tune 
shift, lattice function distortion, closed-orbit distortion, variation of emittance and an energy spread. These effects deterio-
rate the quality of the synchrotron light source. Many actions are taken to cure these undesired effects, among which a global 
tune feedback system has been implemented to compensate the tune shift caused by the insertion devices.

Introduction
There are two EPU48, one EPU46 and six IU operating in the TPS storage ring. To compensate the tune shift due to the vari-
ation of gap and/or phase of these insertion devices, MATLAB was used to develop a global tune feedback system that uses 
two-family quadrupole magnets (36 defocusing quadrupoles QD1S and 36 focusing quadrupoles QF2S) located besides 18 
short straights to maintain the betatron tune at the desired working point.

Algorithm
The correction currents to be applied to the quadrupoles of QD1S and QF2S families are calculated with the model tune 
response matrix M and the tune difference ∆ν. The accuracy of the tune response matrix and tune difference determines 
whether the betatron tunes can be well controlled. The storage ring lattice is well calibrated with Linear Optics from Closed 
Orbit; the tune response matrix is hence calculated from the model lattice. The tune difference is the difference between the 
target tune ν0 and measured tune νm from the bunch-by-bunch feedback system (BBF). Before correcting betatron tunes, 
2,000 data points of the BBF tunes were collected within about three minutes when all IDs’ gaps or phases were at rest; the 
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Fig. 1: The flow chart of the global tune feedback in TPS.

Fig. 2: Tune shift caused by six IU moving simultaneously around minimum gap, the global tune feedback is off.

statistical behavior (histogram) was 
then calculated. The histogram of 
the measured tunes from the BBF 
was fitted with a Gaussian function, 
from which the mean and standard 
deviation σ were derived. If the tune 
difference is greater than 2σ and 
smaller than 0.01, the tune difference 
is treated as a truly significant signal; 
otherwise it is ignored. The global 
tune feedback system uses the tune 
difference and the model tune re-
sponse matrix to calculate the correc-
tion currents ∆I with singular value 
decomposition (SVD) and then applies 
to the quadrupoles of QD1S and QF2S 
families iteratively till the tune differ-
ence is smaller than 2σ.

The flow chart of the global tune 
feedback is depicted in Fig. 1.1,2 Initial-
ly, if the electron beam is tripped, the 
tune feedback stops. If the storage 
ring is in injection, the tune feedback 
is skipped; otherwise the tune differ-
ence is tested if the signals are truly 
significant (2σ < Δν < 0.01). If they 
are, the tune difference will be used 

to calculate the correction currents which will be applied to the quadrupoles of 
QD1S and QF2S families iteratively by the equation 2, till the tune deviations are 
brought back to the working point within a tolerance of 2σ.
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[U S V] = svd(M)        (1)
∆I = V*(diag(diag(S).-1)*(U.'*∆ν))      (2)

Tune Shift of the Insertion Devices in TPS
Figure 2 shows the tune shift caused by six IU moving simultaneously around the minimum gap at beam current 400 mA. 
The tune shifts are 0.0076 and 0.0087 for the horizontal and vertical planes, respectively. Another observation shows that the 
tune shifts caused by EPU46 are -0.0025 and 0.0018 for the horizontal and vertical planes, respectively, with the gap of 14 
mm and the phase of 23 mm; the tune shifts caused by EPU48B are -0.0045 and 0.0024 for the horizontal and vertical planes, 
respectively, with gap of 13 mm and phase of 24 mm.

Performance of the Global Tune Feedback
Figure 3 shows the performance of the global tune feedback. A red vertical dash line indicates the global tune feedback on 
and off. To verify the performance of the global tune feedback in TPS, a machine study was conducted, described as follows. 
TPS operates in top-up injection mode. The deviations of the horizontal and vertical tune are pronounced with the gap 
closing of the EPU46 and EPU48B. When the global tune feedback is turned on, the tune deviations are brought back to the 
target tune. During the variation of the gap/phase of the EPU46 and EPU48B, the tune deviations are well controlled within a 
tolerance of 0.001 by the global tune feedback. (Reported by Mau-Sen Chiu)

References
1. Algorithm of the tune feedback, P. J. Chou (private communication).
2. C. H. Kuo, P. C. Chiu, K. H. Hu, C. Y. Wu, C. Y. Liao, Y. S. Cheng, J. Chen, K. T. Hsu, Proc. IPAC'11, MOPO016, 517 (2011).

Fig. 3: The performance of the global tune feedback in TPS.
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A New-Type Standard Leak Element Using Femtosecond 
Laser Micromachining

A vacuum device with a known artificial leak, 
herein called a standard leak element (SLE), is 

a useful tool that can serve to supply a reference 
gas flow for the calibration of vacuum instruments 
(e.g., ionization gauges, leak detectors and residual 
gas analyzers) and the measurement of pumping 
speeds for a vacuum pump or a vacuum system. 
Many studies have consequently been conducted 
to develop such devices. The NSRRC vacuum group 
has been collaborating with the ultrafast dynamics 
laboratory of the National Chiao Tung University to 
develop successfully a flange-type SLE (Fig. 1); the 
new design can be compatible with an ultra-high 
vacuum environment to overcome the issues 
related to the use of an epoxy resin sealant in a SLE 
of other types (i.e., large rates of outgassing and 
low baking temperature < 120 oC). To measure the 
conductances of the SLE for various test gas species 
at varied inlet pressure, five non-condensable gases 
(H2, He, CH4, N2 and CO2) were introduced into a 
measurement chamber through the SLE and the 
measurement results show (Fig. 2) the minimum 
conductance 2.54 × 10-9 L s-1 for N2 can be attained 
and its molecular flow regime can be extended 
from high vacuum up to 1000 mbar (i.e., the con-
ductance in molecular flow CSLE is independent 
of inlet pressure PCDG and depends on only tem-
perature, the molecular mass of a test gas and the 
geometric structure of the micro-hole). Figure 3 
indicates a strong dependence of the conductance 
values on the inverse square root of the molecular 
mass for all these test gases, according to which 
one can readily calculate the conductance for any 
non-condensable gas once one conductance value 
of these gases is known.

Fig. 1: Manufacturing processes of a flange-type SLE: (a) preparation of a double-sided 16CF flange; (b) CNC (computer numerical control) milling to drill 
a blind hole on the flange, and (c) micro-hole drilling through the blind hole using femtosecond laser micromachining. [Reproduced from Ref. 2]

Fig. 2: Conductance of a SLE as a function of inlet pressure for various non-con-
densable gases. 

Fig. 3: Dependence of molecular flow conductance on the gas molecular mass.
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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)

References
1. C.-K. Chan, C.-Y. Tu, S.-D. Yeh, C.-C. Chang, 

T.-C. Lin, C.-W. Luo, C.-S. Hwang, Vacuum 180, 
109650 (2020). 
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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.
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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 
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Fig. 1: Experimental gap size as a function of photon energy between the third and fifth harmonics.

Table 2: Experimental parameters and available non-ambient devices at  
  TPS 19A1 and TPS 19A2.

19A1

X-ray energy range: 12−20 keV
Beam size: 500 x 500 μm2

High-resolution PXRD measurement: MYTHEN 18K (Δ2θ: ~ 0.02°)
Ultra-high-resolution PXRD measurement: Multi-crystal analyzer (Δ2θ: ~ 0.005°)
Available non-ambient sample environments: 
  1. LN2 cryostream (90 K−RT)
  2. Hot-air gas blower (RT−1000 °C)
  3. LHe Dynaflow cryostat (10 K−150 K)

19A2

X-ray energy range: 12−40 keV
Beam size: 500 x 500 μm2 (without KB focusing mirrors)
Beam size: 20 x 20 μm2 (with KB focusing mirrors)
General resolution XRD measurement: XRD 1611 (Δ2θ: ~ 0.06°)
Available non-ambient sample environments: 
  1. LN2 cryostream (90 K−RT)
  2. Hot air gas blower (RT−1000 °C)
  3. Potentiostat (single cell: Autolab PGSTAT204; multi-cell Biologic VSP3e)
  4. Gas loading system (N2, CO2, Ar, CO, H2)
  5. High-temperature oven (Anton Paar HTK1200N, RT−1,200 °C)
  6. High-pressure (diamond anvil cell)

for four years (2017−2020), and has 
already produced over 40 scientif-
ic publications. It includes a large 
three-circle diffractometer with detec-
tors of two types, a one-dimensional 
position-sensitive detector MYTHEN 
18K and multi-crystal analyzers (Fig. 
2). The detailed design and prelim-
inary results have been reported 
in references 2 and 3. The second 
endstation of TPS 19A is specially 
designed for complicated setups such 
as a non-ambient environment or 
a sample that could not be loaded 
into a capillary tube, a diamond anvil 
cell for large pressure, gas loading, 
battery charge or discharge, reac-
tion chambers with custom devices 
etc. The size of the incident beam can 
be focused from 600 to 20 µm with 
Kirkpatrick-Baez (KB) mirrors and 
hexapods (Physik Instrumente) for 
motion control (Fig. 2). The benefit of 
a smaller beam spot could be applied 
to those experiments requiring a small 

Fig. 2: Two endstations of TPS 19A: TPS 19A1, high-resolution XRD; TPS 19A2 general-resolution XRD.

19A1  High Resolution Powder X-ray Diffraction 19A2  General Resolution Powder X-ray Diffraction
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Fig. 3: Preliminary result for the pair distribution function of Si powder collected by MYTHEN 24K.

sampling area, such as a diamond 
anvil cell, deposition-coating films, 
or mapping study of bulk specimens. 
For a high acquisition rate and micro-
structure analysis such as crystalline 
orientation, graininess and texture, 
an area detector (Perkin Elmer, Varex 
Imaging, XRD 1611) was selected as 
the scanning detector on TPS 19A2. 
This area detector provides a frame 
rate up to 15 frames per second 
and a Q coverage by 4096 x 4096 
with pixel size 100 µm. In summary, 
TPS 19A2 offers the option of X-ray 
diffraction (XRD) measurements 
focusing on structure or phase evolu-
tion with complicated setups in situ; 
it could otherwise be used as rapid 
scanning before the high-resolution 
experiment at TPS 19A1.

Apart from a material system with 
long-range ordering, many materials 
show their practical and interesting 
physical properties because of the 
short range of their local structure; 
developing PDF and rapid PDF (rPDF) 
is hence our long-term project. The 
expected X-ray energy for PDF is 30 
to 40 keV, for which the maximum Q 
range can attain 20–30 Å-1. A prelim-
inary PDF study for a NIST standard 
material, Si (640d), is shown in Fig. 3, 
which was measured with a MYTHEN 
detector with X-rays of energy 20 

keV. The rPDF is expected to be measured using a detector (2D XRD1611) with an 
integrated non-ambient system. Combining both high-resolution powder XRD 
and PDF techniques, TPS 19A provides a total solution for structure determina-
tion. It is believed that the users will appreciate the beamline performance and 
create many scientific results in the near future. (Reported by Yu-Chun Chuang, 
Chung-Kai Chang and Bo-Hao Chen)
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B iological small-angle X-ray scattering (BioSAXS) beam-
line 13A of Taiwan Photon Source (TPS), open to 

users since September 2020, provides a high flux (4 × 1014 

photons/s) for time-resolved and synchronized small- and 
wide-angle X-ray scattering (SAXS-WAXS) of biomacromo-
lecular solution structures over wide length and time scales. 
This advanced BioSAXS beamline also offers new oppor-
tunities for ultra-SAXS (USAXS) to resolve the hierarchical 
structures of bio-machinery assemblies in solution, gel or 
condensed forms and anomalous SAXS/WAXS for metal or 
mineral distributions and compositions in an organelle or 
drug carrier. The beamline application extends to microbe-
am SAXS/WAXS for correlated crystal and nanostructural 
mappings in natural fibril tissues and synthetic biomaterials 
under tailored environmental controls.  

Sensitive to the mean distribution of electron density seg-
regated from a homogenous matrix, SAXS probes global 
conformations of scattering objects in flexible sample envi-
ronments, which is particularly advantageous to reveal the 
solution structures of biomacromolecules of functioning in-
termediates, even for multiple-domain proteins and protein 
complexes. In this sense, SAXS complements X-ray crystal-
lography, NMR and other optical spectroscopic methods 
to investigate structural changes of biological macromole-
cules in function. In the recent development of worldwide 

Biological Small-Angle X-ray Scattering at  
Taiwan Photon Source

synchrotron facilities, a dedicated SAXS beamline to study 
biological solution structures has become essential. Frontier 
biological SAXS (BioSAXS) beamline TPS 13A reported here 
has been jointly developed by NSRRC and Academia Sinica 
(led by Ming-Daw Tsai and Meng-Chiao Ho). This large col-
laborative team is a successive collaboration of a previous 
joint effort to upgrade SAXS beamline TLS 23A for immedi-
ate BioSAXS applications. 

Equipped with a 4-m undulator IU24 for X-rays of energy 4 
to 23 keV, biological small- and wide-angle X-ray (BioSAXS/
WAXS) scattering beamline TPS 13A is dedicated to ob-
servations of biomacromolecular solution structures and 
kinetics, covering wide length and time scales. The MoB4C 
double-multilayer and Si(111) double-crystal monochro-
mators (DMM/DCM), integrated on the same rotating 
platform, optionally provide a high flux, up to 4 × 1014 
photons/s, and a beam of great energy resolution, ∆E/E ~ 
2 × 10− 4. The monochromatic beam is selectively focused at 
the sample position at 40 m from the radiation source for 
microbeam SAXS/WAXS, or the farthest detector position 
at 52 m for ultra-SAXS (USAXS), based on two parallel sets 
of Kirkpatrick-Baez (KB) focusing mirrors placed on a same 
granite platform. For USAXS, a horizontally collimated 
four-bounce crystal collimator (4BCC) located downstream 
further tailors the vertically oriented DCM monochromatic 

Fig. 1: Layout of BioSAXS beamline TPS 13A, with featured operational modes indicated. Starting 
from undulator IU24, the beamline comprises microslits in the front-end zone. The DCM/
DMM monochromators, two sets of vertical/horizontal KB focusing mirrors (VFM/HFM), a 
vertical deflecting mirror (VDM) and horizontally collimating four-bounce double-crystal 
collimator (4BCC) are in the optical zone. The collimation, sample stage and detecting (Eiger 
X 1M for WAXS and Eiger X 9M for SAXS) systems are in the experimental area. 

beam for a minimum scattering vector 
q ~0.0003 Å−1, corresponding to 
d-spacing resolving power ~2 µm. The 
4BCC consists of two sets of horizon-
tally oriented double-crystal collima-
tors of Si(111), two sets of Si(311) for 
further improved resolution, arranged 
in a dispersive configuration for a sig-
nificantly decreased beam divergence 
of 30 µrad. A set of delicate microslits 
(closely shielded by a set of heat-load 
slits) located in the beamline front-
end at 15.5 m provides tunable, stable 
slit opening of 1–50 µm as a steady 
control of microbeam beam size. 
The slit position is critical for a set of 
microbeam KB mirrors to focus the mi-
crobeam size to the sample position 
at 40 m from the IU24 source, with 
small demagnification ratios, near 1.5, 
in both vertical and horizontal direc-
tions. All these operational modes of 
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high flux, USAXS, anomalous SAXS (ASAXS) and microbeam 
are designed to have essentially overlapped beam paths, al-
lowing convenient mode conversions. Four diamond X-ray 
beam-position monitors (XBPM) are deployed along the 
beamline, reporting beam positions at the front-end before 
any optical component and in the experimental end-station 
before the sample position, in situ and on-line, with beam 
position resolution 1 µm. Optical designs of the operation-
al modes (Fig. 1) were detailed in a previous report;1 the 
corresponding feature parameters are listed in Table 1. 
All beamline and end-station components are controlled 
with an experimental physics and industrial control system 
(EPICS), which governs all interfacing among the electronic 
hardware of the beamline through defined process variables 

(PV) and a server program of input/output controllers (IOC). 
At beamline TPS 13A, there are two clients of PV. The first 
is the graphical user interface called control-system studio 
(CSS), which serves mainly the configured icon display and 
remote control of the beamline components (real and 
virtual motors) and their current status and historical data 
records. The second client is SPEC software that allows 
multi-task macros to execute routine procedures, such as 
alignments of the beam positions, intensity optimization, 
beam energy changes and optical mode conversions.

Shown in Fig. 2(a) are the closely matched calculated and 
measured profiles of photon flux of the 3rd and 5th har-
monic modes (HM) of IU24 at gap 8 mm, at 30 mA of the 

Fig. 2: (a) Measured flux spectra of the 3rd and 5th harmonic modes of the undulator IU24 at gap 8.0 and 8.7 mm, centered respectively at 7.376 keV and 
4.998 keV; the data are fitted (solid curves) using Spectra software with an electron beam of 30 mA, 3GeV, and a common electron-beam energy 
spread of 0.11%.  (b) Flux spectra measured 40 m from IU24 at the sample position at e-beam current 400 mA, using the DMM and DCM mono-
chromators, respectively. Also shown are the consistently simulated flux profiles. (c) Simulated beam-size and –divergence evolutions over X-ray 
beam path 52 m from the IU24 (origin) to 52 m. (d) Beam sizes measured over 10 m sample-to-detector distance, using the Eiger X 9M detector 
(pixel size 75 μm).

Table 1: Features of operational modes of TPS 13A, with IU24 source sizes 283 × 7.5 μm2 (FWHM) and source divergence 45 × 21 μrad (FWHM). The 
microbeam features are calculated with microslit openings 10 µm by 10 µm.

Operational modes High flux (DMM) USAXS Si(111) ASAXS (DCM) µ−beam (DMM)
Operation energy range (keV) 7−15 4−15 4−23 7−15
Horizontal demagnification 1.36 : 1 1.61 : 1
Vertical demagnification 1.43 : 1 1.45 : 1
Beam size (μm2 at 40 m) 190 × 52 190 × 36 190 × 36 7 × 5 at 40 m
Divergence (μrad) 60 × 29 32 × 29 60 × 29 70 × 3.8
Energy resolution ~0.2 % ~0.02 %
Flux (photons/s) @ 500mA ~4 × 1014 ~4 × 1012 ~2 × 1013 ~1 × 1010
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3-GeV electron beam. The measured energy distribution 
of the irradiation centers at E p = 7.376 keV and 4.998 keV, 
with a common energy spread of ~0.7% (full width at half 
maximum, FWHM). The consistent results indicate a satis-
factory alignment of the central magnetic field (maximum 
~0.86 T at gap 6.8 mm) of IU24 to the 3-GeV electron-beam 
trajectory. The corresponding flux profiles measured at 
the sample position demonstrate the expected high flux, 
above 2 × 1014 photons/s in 7−12 keV with DMM, and a 
wide X-ray energy range 4−23 keV with DCM, at e-beam 
current 400 mA of the 3-GeV storage ring. The calculated 
evolutions of beam size and divergence are outlined in Fig. 
2(c). The beam sizes (Fig. 2(d)) after the sample position 
were measured with the Eiger X 9M detector moving along 
the vacuum vessel of length 12 m and diameter 1.5 m. The 
vertical beam size decreases to the focusing design target 
~50 µm at 50 m (10 m from the sample position), whereas 
the horizontal beam size decreases to target size 180 µm at 
an earlier position, 45 m. The slowly varying beam size over 
beam path 10 m originates from the designed small de-
magnification ratio ~1.5 of the KB focusing mirrors, which is 
advantageous for SAXS with a wide range of sample- 
detector distance. 

In the USAXS mode operation, the horizontally collimating 
4BCC manifests its unique function in significantly suppress-
ing the horizontal parasite scattering, especially near the 
direct beam of the critical USAXS low-q region. As shown in 
Fig. 3(a), although the main (DCM) beam intensity 8 keV is 
decreased about 10 fold by the 4BCC, the overall S/N ratio 
can be improved more than 10 fold, because of the highly 
suppressed parasite scattering by more than 100 fold. The 
corresponding beam size 8 keV (FWHM) at SD distance 9.47 
m decreases from 160 to 110 µm (FWHM) when the 4BCC is 
moved into the beam path for collimation, whereas the ver-
tical beam size maintains ca. 70 µm. Inset in Fig. 3(b) shows 
the USAXS images measured for a standard nanopattern, 
revealing a well resolved 1st lamellar peak at q = 0.00063 Å-1 
under a detecting limit of minimum q ca. 0.0004 Å-1, with 
a Tatum beamstop (4.0 mm dia.). For the microbeam oper-
ation with the microslits opened to 10 µm in both V and H 
directions, the microbeam KB mirrors could focus the beam 
to the sample position for beam dimensions 26 µm (H) by 
10 µm (V) measured, as shown in Figs. 3(c) and 3(d). The 
beam sizes were measured using the two diamond X-ray 
beam position monitors of Rigi and Civi-2 situated at 37 
and 40 m, respectively.

Fig. 3: (a) Measured horizontal and vertical beam dimensions at  a sample-detector distance of 9.47 m, with a DCM 8-keV beam, with and without 4BCC 
in the X-ray beam path. The horizontal beam size (FWFM) decreased from 160 to 110 µm, and the vertical beam size maintains ca. 70 µm. Note 
that the background intensity in (a) near the main beam decreased by two orders of magnitude. (b) USAXS profile extracted from the 2D patterns 
(inset up, with a left room-in image) of a standard nanopattern (inset, down), measured using a 6-keV beam of DCM further collimated with the 
4BCC, resolving a lamellar spacing of 1000 nm with the 1st lamellar peak at q = 0.00063 Å-1 and a minimum detectable q at 0.0004 Å-1. (c) and (d) 
are the measured vertical and horizontal beam dimensions of a 15-keV microbeam with the DCM; the corresponding microslits have opening 20 
µm in both vertical and horizontal directions. Note that the microbeam was slightly off-focused at 37 m (5 µm, FWHM) before the targeted sample 
position at 40 m (12 µm, FWHM). 
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The first component of the experimental endstation is a 
millisecond shutter (with an opening time of 8 ms) that reg-
ulates the exposure of a sample to the beam. Subsequently, 
an intensity attenuator, comprising 10 thin foils of various 
metals and thicknesses, can selectively suppress the X-ray 
beam in 4−23 keV, up to 8 orders of magnitude in intensity. 
The X-ray beam is collimated with a set of all-tungsten S3-
slits at position 31.47 m and two sets of JJ-slits situated re-
spectively at ~10 and ~800 mm before the sample position 
at 40 m. The beam position and intensity are monitored 
in situ with two diamond X-ray beam position monitors 
(XBPM) of Rigi (gap 20 µm between the quadrants) and 
Civi-1 (gap 3 µm) situated before and after the attenuator, 
with resolution 1 µm. A modified high-performance liq-
uid chromatograph (HPLC) is available for on-line sample 
purification. The HPLC system is coupled with synchronized 
measurements of SAXS/WAXS, UV-vis absorption and 
refractive index (RI) arranged along the elution path of 
the HPLC (Fig. 5(a)). The combined measurements allow 
resolving solution structures and compositions of biomac-
romolecules and their complexes in one sample elution. 
Uniquely designed is an integrated detecting system com-
prising an Eiger X 9M detector (active area 233 × 245 mm2) 
of the Dectris for SAXS and a custom-designed Eiger X 1M 
detector (79.9 × 77.2 mm2) for WAXS. The latter has a large 
open slot (30 × 60 mm2) by the edge of the active detector 
area for simultaneous SAXS-WAXS without much block-
ing the view angle of the SXAS detector (Fig. 4(c)). These 
two X-ray detectors of pixel resolution 75 × 75 µm2 move 

Fig. 4: (a) CSS graphic view of experimental endstation TPS 13A components. (b) A side view of the 12-m long, 1.5 m dia. vacuum vessel for accommo-
dating the (c) in-vacuum Eiger X 1M and X 9M pixel detectors that can move independently with multiple degrees of freedom in the vacuum 
vessel for simultaneous and coordinated SAXS and WAXS data collections. (d) Also shown is the custom-designed TPS13A Eiger X 1M, with  an 
opening of dimensions of 30 mm by 60 mm for SAXS traversing.  

independently with multiple degrees of freedom inside a 
large vacuum vessel of length 12 m and diameter 1.5 m, 
providing dynamic and quick changes in the detecting con-
figuration for optimized data collections (Fig. 4(a)). Figure 
5(b) demonstrates a case of simultaneous SAXS/WAXS 
measurements with the on-line HPLC/UV-vis/RI system 
for a model protein of bull serum bovine, covering a wide 
q-range. The merged data can be described with the crystal 
structure of a protein data back (PDB id: 3B03) up to q = 1.0 
Å−1, demonstrating the success of the uniquely combined 
BioSAXS-WAXS measurements of TPS 13A, which would 
open a new standard and research trend in studying solu-
tion structures of biomacromolecules.

The TPS BioSAXS beamline has shown its facilities that 
outperform many worldwide SAXS beamlines through 
the unique features demonstrated. These include (1) the 
high-flux mode with integrated measurements of SAXS/
WAXS/UV-vis-absorption/refractive-index and an on-line 
HPLC system, allowing frontier studies of biomacromolec-
ular solution structures and kinetics over wide length and 
time scales, (2) USAXS mode to resolve hierarchical struc-
tures of bio-machinery assemblies up to length scale µm, 
and (3) microbeam SAXS/WAXS for correlated crystal and 
nanostructural mappings. This new dedicated TPS BioSAXS 
beamline aims to provide user-friendly routine measure-
ments and cutting-edge research opportunities on biolog-
ical structures for the domestic research community and 
overseas users. (Reported by U-Ser Jeng, with the inputs 

(c)

(d)

(a)
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from K.-F. Liao, C.-A. Wang, C.-J. Su, O. Shih, W.-R. Wu, Y.-Q. 
Yeh, D.-G. Liu, C.-H. Chang, L.-C. Chiang, C.-Y. Lin, M.-H. Lee, 
C.-F. Chang, C.-C. Liang, T.-H. Lee, Y.-H. Guo, C.-Y. Liu, C.-S. 
Hwang, J.-C. Huang, C.-K. Kuan, H.-S. Wang, Y.-C. Liu, F.-H. 
Zeng, J.-Y. Chuang and W.-R. Liao)

Fig. 5: (a) Integrated system of on-line sample purification with coordinated SAXS/WAXS/UV-vis absorption/ refractive-index measurements at BioSAXS 
beamline TPS 13A that allows combined measurements to resolve solution structures and compositions of biomacromolecules and their com-
plexes, in one sample elution. (b) Simultaneously measured SAXS-WAXS data of model protein bull serum albumin (BSA). The data are fitted well 
up to q = 1.0 Å-1 using CRYSOL and a PDB structural model shown in the inset.  
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Current Status of TPS 07A

TPS 07A, a micro-focus protein crystallography (PX) 
beamline, is currently under commissioning and ex-

pected to be operational in December 2021. Different from 
TPS 05A, which is optimized for crystals with a large unit 
cell, TPS 07A is particularly optimized for micro-crystals 
(small ratio of signal to noise) and large inhomogeneous 
crystals (difficult to measure). In building a reliable micro- 
focus PX beamline, three main design guidelines for the op-
tical system have been pursued: a small beam size, high-flux 
density and a highly stable beam. Based on these demands, 
beamline specifications and a simulation of beam perfor-
mance appear in detail in Tables 1 and 2, respectively.

Table 2: Simulation of beam performance of TPS 07A. Simulation energy at 12.39 keV, 3 m-IU22, 500 mA, min gap 5 mm, with heat load on first crystal.

Fig. 1: (a, b) Focused beam size at the sample position in vertical and horizontal directions. Black and red solid dots show the raw data and the derivative 
defining the beam profile, respectively. The red solid line shows the Gaussian fitting. (c) Range of beam size. The red and blue lines stand for ver-
tical and horizontal positions, respectively. The red and blue lines show vertical and horizontal beam sizes at varied offsets from the focus point. 
The measurements were conducted under fully open horizontal secondary source slits.

Table 1: Beamline specifications of TPS 07A.

Energy range 5.7−20  keV

Beam size
1 x 1 to 30 x 30 µm2 @ 12.4 keV (H 
x V, FWHM)

Monochromatic  flux
≥ 1012 photons/s @ 12.4 keV @ 1 
x 1 µm2

Beam divergence < 1 mrad (in both directions)
Energy resolution ≤ 1.7 x 10-4 with Si(111) crystal
Energy stability < 0.25 eV h-1

Because of the ongoing commissioning, some vital beam characteristics for PX experiments, including beam size, flux and sta-
bility, have been measured at the sample position. The focused beam size at the sample position was measured on scanning 
a tungsten knife edge through the beam along the vertical and horizontal directions. Based on the Gaussian profile, it clearly 
shows that the focused beam size at the sample position is 1.7 × 3.7 μm2 (V x H) (Figs. 1(a) and 1(b)). In addition, notably, 
TPS 07A can provide continuously adjustable beam sizes from 1.7 to 97 µm (Fig. 1(c)). The flux at the sample position can 
be determined with a Si-PIN photodiode and was found to be 6.6 x 1011 photons s-1 at 12.7 keV and magnet gap 7.575 mm 
when normalized to current 400 mA in the storage ring. As mentioned above, it is reasonable that the measured flux is less 
than the expected flux (Table 2) about one order. 

Second source
H-opening /µm

MD3
position /mm

Beam size
/µm2, V x H

Beam flux
/photons s-1

Flux density
/photons s-1 µm-2

Interval to  
Henderson limit /s

2 2 0.7 x 1.5 1.4 x 1012 1.3 x 1012 0.031
4 11 3.3 x 3.2 2.8 x 1012 2.7 x 1011 0.15
6 15 5.0 x 5.3 4.1 x 1012 1.5 x 1011 0.27
12 25 10 x 11 7.9 x 1012 7.0 x 1010 0.57
25 46 21 x 24 1.4 x 1013 2.9 x 1010 1.38
>100 62 29 x 34 1.7 x 1013 1.7 x 1010 2.35
>100 82 40 x 45 1.7 x 1013 9.5 x 109 4.21
>100 102 50 x 56 1.7 x 1013 6.1 x 109 6.55
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Fig. 2: (a) Thermal equilibrium period of DCM. Red and black lines represent vertical and horizontal beam positional variations, respectively. (b) Energy 
resolution. (c) Difference of energy drift.

One of the most common issues that causes beam instability is the X-ray heat load on the double-crystal monochromator 
(DCM) that results in a loss of parallelism of its two crystals. At TPS 07A, the heat-load test showed that the period required 
to attain thermal equilibrium of the DCM upon X-ray exposure is about 22 min (Fig. 2(a)). The period of thermal equilibrium 
was subsequently decreased to about 2 min using a feedback system to correct the beam position continuously. Thermal drift 
and vibrational problems that also lead to beam instability will be analyzed in future commissioning. 

Regarding the energy resolution and energy stability, the results are as follows. The energy resolution (∆E/E) varies from 1.85 
× 10-4 to 1.95 × 10-4 as the energy alters from 5.7 to 20 keV (Fig. 2(b)); the energy drift is about 1 eV within 10 h (0.1 eV/h) 
(Fig. 2(c)). Taken together, TPS 07A has effective energy resolution and stability for SAD/MAD experiments.

To achieve a rapid and effective data collection from many micro-crystals or large inhomogeneous crystals with a raster/grid 
or helical scan, the endstation of TPS 07A is equipped with two state-of-the-art devices -- area detector Eiger2 X 16M and 
vertical axis micro-diffractometer MD3. Compared with MX300HS (at TPS 05A), the major benefits of Eiger2 X 16M are the 
increased frame rate, a superior point-spread function and no readout noise. This detector hence becomes more suitable for 
efficiently obtaining diffraction data from micro-crystals. 

Many PX synchrotron beamlines worldwide, including TPS 05A, utilize a horizontal-axis diffractometer to rotate the crystal 
for data collection. In this geometry, polarization effects caused by the horizontal polarization of synchrotron radiation could 
cancel the Lorentz factor, but a diffractometer with a vertical spindle has superior mechanical stability (smaller sphere of 
confusion) for micro-crystals. After thorough consideration, our group chose a vertical-axis MD3 diffractometer to install at 
TPS 07A. In so doing, the necessary marginal cost is that the average intensity of symmetry-equivalent reflections decreases 
about 10% in a 2 Å bin using 1 Å radiation.1

In addition, an ISARA high-capacity sample changer (29 UniPucks/464 samples) will be installed; it changes samples within 
tens of seconds to increase the efficiency of data collection for many micro-crystals. Finally, TPS 07A will be embedded with 
powerful software, MeshBest, that automatically analyses the results of the raster scan from a loop with many micro-crystals. 
The strategy of whether and how to collect those crystals will be given. The ultimate goal is to provide an automatic work-
flow to make multi-crystal data collection even more efficient.

In conclusion, TPS 07A with a high-flux mode and special features will be useful for the toughest crystallographic projects, 
such as those with large amounts of micro-crystals and those with large inhomogeneous crystals (Reported by Chung-Kuang 
Chou, Chia-Liang Lin and Chun-Hsiang Huang).
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