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Status of Taiwan Light Source and Taiwan Photon 
Source Accelerators

Taiwan Light Source (TLS)

Machine Parameters of the TLS
The TLS accelerator is a compact synchrotron light source 
with nine conventional and superconducting insertion 
devices, and it has served users for 27 years. The TLS 
accelerator features top-up injection, superconductivity 
radio frequency (RF) module operation, and modern 
feedback technology. Table 1 lists the major parameters of 
the TLS storage ring for current operations, Fig. 1 illustrates 
the locations of the insertion devices, and Table 2 lists the 
related parameters. 

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

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

Table 1:    Main parameters of TLS storage ring.

Table 2:    Main parameters of insertion devices in the TLS.

Fig. 1: Layout of the TLS accelerator.

Statistics of TLS Machine Operation
After 200-mA top-up injection operations started in October 2005 following the installation of a superconducting radio 
frequency module, the TLS gradually increased the stored beam current, which reached 360 mA in 2010. The performance 
indicators for TLS operations from 2011 to 2021 are presented in Fig. 2, in which availability is defined as the ratio of 
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delivered user time to scheduled user 
time, mean time between failures 
(MTBF) is the ratio of scheduled 
user time to number of faults, and 
beam stability index is the shot-
to-shot photon intensity variation 
of the diagnostic beamline with a 
ratio less than 0.1%. In summary, by 
2021, availability was 97.4% with a 
scheduled user time of 5,040 hours, 
MTBF was 115 hours, and time of 
beam stability was 97.5%.

Downtime and Failure Analysis 
of the TLS 
In 2021, a total of 43 beam trips were 
recorded. The accumulated downtime 
of each subsystem is presented in 
Fig. 3, and the total accumulated 
downtime was 129 hours. Among 
the various contributors to downtime 
(including earthquakes, power spikes, 
noises, and beamlines), the RF system 
accounted for the largest proportion 
at 47.3 hours. 

Taiwan Photon Source (TPS)

Machine Parameters of the TPS
As a synchrotron light source that 
has only been made available to 
users for less than 6 years, the TPS 
accelerator features low emittance, 
top-up injection, superconductivity 
RF module operation, and high stability. 
Table 3 lists the major parameters of the 
TPS storage ring for current operations. The 
TPS accelerator tunnel comprises a storage 
ring and a booster ring that are arranged 
concentrically. 

Statistics of TPS Machine Operation
The TPS was first made available to 
users in the fourth quarter of 2016 with 
a beam current of 300 mA, which was 
increased to 400 mA in December 2017 
and subsequently reached 450 mA in the 

Table 3:    Main parameters of TPS storage ring.

Fig. 2: Beam stability index (0.1%), availability, and MTBF of the TLS from 2011 to 2021.

Fig. 3: Downtime contribution of the TLS accelerator in 2021. (Downtime 129 hours)

Beam energy (GeV) 3

Circumference (m) 518.4

Current/design (mA) 400/500

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

later period of 2020. In 2021, the beam current reached 500 mA for users. The scheduled user time, delivered user time, and 
availability of TPS from 2019 onward are presented on a quarter-by-quarter basis in Fig. 4 (see next page). In 2021, annual 
availability was 97.9%, scheduled user time was 4,681 hours, and MTBF was 106 hours (Fig. 5, see next page). 
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Fig. 4: User time and beam availability of Taiwan Photon Source from 2019 onward.

Fig. 5: Mean time between failures and beam trip statistics of TPS from 2017 onward.

Fig. 6: Beam-trip distribution of TPS accelerator in 2021. (43 trip events in total)

Downtime and Failure Analysis 
of the TPS
In 2021, a total of 43 beam trips and 
99 hours of downtime were recorded. 
The contributions of each subsystem 
with respect to beam trips and 
downtime are illustrated in Figs. 6 
and 7, respectively. The subsystems all 
gradually improved over the years to 
attain stable operations.
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RF, 11.21 , 11%
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Fig. 7: Downtime distribution of TPS accelerator in 2021. (99.3 hours in total)

High-Beam Current Operation with a Digital Low-
Level Radio Frequency System

Fig. 1: Schema of the DLLRF system for the TPS storage ring.

T he purpose of a low-level radio frequency (LLRF) system 
is to manipulate the amplitude and the associated 

phase of the accelerating field provided by the RF cavity. 
A digital LLRF (DLLRF) control system based on the field 
programmable gate arrays (FPGA) platform provides higher 
field stability, more precise field control, and more effective 
noise reduction for the accelerating field. The analog LLRF 

system of the Taiwan Photon Source (TPS) booster ring was 
replaced by the DLLRF system at the beginning of 2018.1 
The difference between setting points and measured values 
during the ramping process was controlled within 0.3% 
and 0.2° for the accelerating field amplitude and phase, 
respectively. Moreover, the sidebands of 60-Hz noise and 
their high-order harmonics were suppressed to lower than 
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-70 dBc. However, for the storage ring operation with the 
DLLRF system, several difficulties have been encountered 
because of the high bandwidth of the digital controller and 
the heavy-beam-cavity–LLRF interaction, which may result 
in an oscillation of the accelerating field. The operation 
parameters for each RF station, therefore, must be tuned 
for stable operation under the heavy-beam-cavity–LLRF 
interaction. A long-term stability test for the DLLRF system 
was performed in October 2021. Under appropriate 
operational parameters, the TPS DLLRF system exhibited 
stable operation at 500 mA. An introduction to high-beam 
current operation with the DLLRF control system in the TPS 
storage ring is provided in this report.

Two KEKB-type 500-MHz superconducting RF modules are 
used for the accelerating cavities in the TPS storage ring. 
Each possesses an individual low-level system based on the 
DLLRF architecture of the TPS storage ring, as displayed in 
Fig. 1. The reference signal—master clock (MCLK)—from 
the instrument and control group is sent to each front 
end to create various synchronized clocks and 550-MHz 
local oscillator (Lo) signals. The MCLK signal is also passed 
into the FPGA for use in the in-phase (I) and quadrature 
components (Q) demodulating functions and phase 
synchronization. The detailed work principle can be found 
in Fu-Yu Chang’s work.2 The cavity gap voltage (related to 
the accelerating field build in the RF cavity) is controlled 
by setting the amplitude Vc and station phase θsp. Station 
phase refers to the phase that leads the MCLK by θsp 
degrees. Thus, the actual phase of the digital-to-analog 
converter output is regulated by the proportional integral 
(PI) controller to maintain the phase angle between 
the MCLK and the cavity gap voltage. By regulating the 
individual station phase of cavities #2 and #3, the injection 

efficiency and power balance between the two RF stations 
can be optimized. Figure 2 displays the graphical user 
interface (GUI) from the local operation panel of an RF 
station. To facilitate the adjustment of the operational 
parameters, such as the station phase, in addition to the 
DLLRF-related signals, some RF-related signals, such as 
forward power from the RF transmitter and beam power, 
are also displayed on the panel through EPICS PV.

The DLLRF controller has a high processing speed and 
fewer sources of noise (for example, those that arise from 
the set points and the control process), which result in 
higher field stability and more effective noise reduction for 
the cavity gap voltage. For low-beam current operation,3 
these advantages are evident. Figure 3 (see next page) 
displays the spectra of the cavity gap voltage at a 30-mA 
beam current under the operation of the analog and 
digital LLRF systems. The 60-Hz sideband and its higher 
harmonics are considerably smaller in the DLLRF system; 
the 3.12 kHz signal was reduced to -85.37 dBc under digital 
control. However, high-beam current (i.e., that larger than 
approximately 400 mA) operation instability concerns exist 
and may cause an oscillation of the cavity gap voltage, 
resulting in a beam trip. 

A series of studies on the instability caused by LLRF-
beam-cavity interaction at different gain settings was 
conducted. The maximum storage current decreased 
when the bandwidth of both digital controllers was set 
to a frequency near that of the synchrotron. Thus, when 
the TPS was operated under high current, the DLLRF 
controller bandwidth had to avoid the synchronization 
frequency. To maintain noise suppression, the digital 
controller should be operated at high bandwidth. However, 

Fig. 2: RF GUI for the TPS storage ring.
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if two RF stations are engaged and their bandwidths are 
both high (i.e., with high integral gain), the interactions 
between these two stations through the beam would 
result in greater instability and reduced maximum storage 
beam current. If the bandwidth of one of the controllers 
is set to a low frequency (i.e., substantially lower than that 
of the synchrotron frequency), then that LLRF controller 
would not react to the disturbance caused by the beam. 
Therefore, the effect from the interaction between the 
two RF stations would cease and the maximum current 
could be increased slightly. When operating both digital 
controllers at high bandwidth, the maximum beam current 
was only approximately 400 mA. Such instability from the 
beam–LLRF interaction is a key concern for high bandwidth 
operation at 500 mA.

To increase the maximum storage beam current, the loop 
gains were lowered by adjusting the attenuation of the 
RF signals from the transmitted power Pt of the cavity or 
the RF output power sent to the RF transmitter. However, 
this method had limited effect due to the resolution of the 
analog-to-digital and digital-to-analog components. In an 
alternate method, the phase angle between the PI output 
signal PI out-the signal just after the output of the PI control 
circuit, and the digitized Pt signal was adjusted. If the phase 
of Pt leads at PI out is maintained, then improvements 
in instability can be realized through high bandwidth 

Fig. 3: Spectra of the cavity gap voltage at a 30-mA beam current under the operation of the analog and digital LLRF systems.

and high-beam current operation. Although such 
improvements have been clearly documented, their reasons 
and underlying mechanisms must still be elucidated 
through the examination of control theory.

We performed a long-term stability test with a high 
bandwidth, and the recording is displayed in Fig. 4 (see 
next page). The DLLRF system maintained a 500 mA-stable 
operation without any trips for approximately 19 hours and 
finally tripped because of the occurrence of an earthquake. 
The spectra from the beam position monitor near SRF #2 
are displayed in Fig. 5 (see next page). Compared with the 
analogue system, the DLLRF system had a stronger capacity 
to suppress the sidebands of 60-Hz noise and their high-
order harmonics, maintaining these values below -70 dBc in 
the DLLRF system.

The spectra analyses revealed that the DLLRF system 
exhibits high suppression capacity for 60-Hz harmonics. 
The long-term stability test with the DLLRF for the stored 
beam current of 500 mA at the TPS was also successful. The 
GUI for the remote control is under development. For the 
third RF plant, the LLRF system will be the digital type. After 
evaluations of the long-term stability and reliability of the 
DLLRF system, the analog LLRF system for the other two 
RF plants will be replaced with DLLRF-type systems in the 
future. (Reported by Fu-Yu Chang, Zong-Kai Liu and  
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Fig. 4: Recording of the 500-mA long-term stability test.

Fig. 5: Spectra of digital and analog LLRF systems from the beam position monitor near SRF #2.

Meng-Shu Yeh)
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Status of Cryogenic Permanent-Magnet 
Undulators at Taiwan Photon Source

C ryogenic permanent-magnet undulators (CPMUs) 
have become a point of interest in the development 

of short-period undulators. Two 2-m CPMUs have been 
developed at the Taiwan Photon Source (TPS) by using 
different magnet materials and cooling methods: a PrFeB-
based CPMU with cryocooler cooling and a NdFeB-based 
CPMU with liquid nitrogen (LN2) tank cooling. Both CPMUs 
exhibit spectral performance superior to that of 3-m in-
vacuum undulators. CPMUs have great potential to become 
standard undulators at the TPS for beamlines requiring 
high-brilliance X-rays at high photon energies.

Introduction
High-brilliance X-rays from undulators are highly 
desirable for use in third-generation storage rings. The 
brilliance of synchrotron radiation can be increased 
by using short-period, high-field undulators with 
low phase errors. A cryogenic permanent-magnet 
undulator (CPMU) is a suitable candidate for this 
purpose because of its strong magnetic field. The other 
potential advantages of CPMUs are as follows: (1) 
Outgassing from the permanent magnet component is 
suppressed at cryogenic temperatures (CTs), and cold 
magnets work as cryopumps. (2) Permanent magnets 
at CTs have high resistance to radiation damage due 
to their high coercivity. (3) Beam-induced-heat loads 
are low because image current heating on Cu-Ni 
foils covered the magnet arrays can be reduced by 
a factor of 2–3 relative to that at room temperature. 
These advantages are associated with 
crucial characteristics for advanced 
undulators, namely ultra-high-vacuum 
compatibility and high radiation and 
thermal resistance.

In April 2015, eight in-vacuum 
undulators (IU22-3m) was installed for 
phase-I beamlines at the TPS storage 
ring. IU22s are designed for a photon 
energy range of 5–20 keV. Two CPMUs 
for phase-II beamlines, CU15 and 
CUT18, can provide brilliance higher 
than that provided by IU22s at photon 
energies above 15 keV (Fig. 1). The 
parameters of the three undulators 
are presented in Table 1. 

Beam-induced heating poses a challenge in the 
development of CPMUs. Because the TPS operates at a 
beam current of 500 mA with a bunch length of ~16 ps, 
such beam parameters result in high beam heating on 
vacuum components and undulators of in-vacuum with 
small gaps. Therefore, special cryogenic system design is 
required to ensure that the CPMUs exhibit high cryogenic 
performance. Figure 2 depicts the CU15 and CUT18 
installed for the phase-II beamlines at the TPS.

Items Unit IU22 CU15 CUT18

Type IVU CPMU CPMU

Length m 3 2 2

Magnet material
NdFeB 
(NMX-38EH)+
Dy diffusion

PrFeB  
(NMX-68CU)+
Dy diffusion

NdFeB  
(NMX-U52SH)+
Tb diffusion

Remanence Br T 1.24 at 300 K 1.64 at 80 K 1.57 at 170 K

Coercivity Hcj kA/m 2743 at 300 K 6385 at 80 K 2854 at 170 K

Period length λu mm 22.000 14.945 17.962

Minimum magnet/vacuum gap mm 6.5 / 6.2 5.2 / 5.0 5.6 / 5.4

Effective magnetic field T 0.86 1.01 1.18

Deflection parameter 1.77 1.42 1.98

Number of periods 140 133 111

Magnet temperature K 300 80 170

Cooling method Water Cryo-cooler LN2 tank

Status Operation Operation Commissioning

Table 1:    Specifications of the TPS in-vacuum undulators (IU22, CU15, and CUT18). 

Fig. 1: Spectral performance of IU22-3m, CU15-2m, and CUT18-2m. 
Parameters for the calculation were as follows: EGEV = 3 GeV, βx = 5.3 
m, βy = 1.7 m, coupling constant = 0.01, emittance = 1.6 nm rad, and 
energy spread = 10−3.
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PeFeB-based CPMU (CU15)
The development of CU15, which was the first CPMU at 
the TPS and has a period length of 15 mm, began in 2016. 
Several technologies, including field measurement systems, 
field correction methods, and assembly works of vacuum/
cryogenic components have been developed at the TPS 
laboratory. CU15 was installed at the storage ring in 2019 
and has been in operation since January 2021. Figure 3 
illustrates the milestones in the development of CU15.

In the design of CU15, a cryocooler cooling method 
is employed because the initial setup for a cryocooler 
system is simple and liquid nitrogen (LN2) is not available 
at the laboratory. The cryocoolers are connected to the 
magnet arrays by flexible thermal straps and heat transfer 
feedthroughs, as indicated in the schematic in Fig. 4. (see 
next page). Such conduction cooling design can satisfy the 
regulations imposed on the TPS ultra-
high vacuum system. The heat transfer 
feedthrough separates the vacuum 
system into two sections, so the 
annual maintenance of the cold heads 
can be performed without evacuating 
the ring vacuum and affecting UHV 
components of the CPMU.

The first attempt to operate CU15 in 
the storage ring at a beam current 
of under 300 mA was successful. 
However, the cryogenic performance 
of CU15 was poor when the beam 
current was increased gradually to 
500 mA. The beam-induced heat 
load, generated by the broadband 
impedance at high beam currents, 

Fig. 2: (left) CU15 installed at the TPS storage ring for the high-resolution powder diffraction 
TPS 19A beamline; (right) CUT18 installed for the advanced microcrystal chemical 
crystallography TPS 15A beamline.

Fig. 3: Milestones of the TPS-CU15 project.

led to the available cooling power of the two cryocoolers 
being insufficient. The underlying cause of this failure was 
the electromagnetic waves becoming trapped inside the 
cavity-like structure at the end of the transition taper, which 
led to energy loss of the electron beam and undesirable 
beam heating. A new type of water-cooled transition taper 
was therefore developed to mitigate the heat loads. After 
several attempted modifications, CU15 was successfully 
tested at 500 mA with a minimum gap of 4.8 mm. Figure 
1 shows the spectral performance of CU15-2m is superior 
than IU22-3m at photon energy larger than 15 keV. To 
identify this result, the powder diffraction measurements 
was performed by Dr. Yu-Chun Chuang's group at TPS 19A 
(CU15) and 09A (IU22). The photon counts were measured 
through undulators with same MYTHEN detector and 
a NIST standard material 660c (LaB6). Measuring at the 
same beam current, the relative photon counts using the 
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CU15 can have a maximum 3 times higher 
than that using the IU22 at 20 keV. From a 
user’s experiences, the experimental time 
can efficiently be decreased to one third on 
replacing IU22 with CU15.

NdFeB-based CPMU (CUT18)
CUT18, which is the second CPMU at the 
TPS and has a period length of 18 mm, 
was developed using LN2 tank cooling and 
the newest grade of NdFeB (NMX-U52SH) 
magnets. Several key factors were considered 
in the design of CUT18: (1) The temperature 
control system of magnets is well-developed, 
so a NdFeB magnet-based CPMU can be 
controlled at a temperature of 160–170 K to 
maximize the magnetic field. 
(2) The annual operational costs 
(including maintenance costs) 
of CPMUs with LN2 tank cooling  
are one-fifth, compared to those 
of CPMUs with cryocoolers. (3) 
The magnetic performances 
from the newest grade of Tb-
diffused NdFeB magnets may be 
comparable to PrFeB magnets. 
However, the research and 
development of new grades of 
NdFeB PMs are intensive due to 
high market demand; therefore, 
the potential of NdFeB-based 
CPMUs is expected to increase 
in the future. (4) As the required 
temperature of magnet is 100 
K higher at CUT18 than that 
of CU15. A large margin of the 
temperature control on magnets 
is an advantage for CUT18.

CUT18 is designed to be a standard undulator at the TPS 
for serving in broad scientific applications; therefore, the 
deflection parameter of CUT18 is designed to be greater 
than 2 to achieve high spectral performance. Maximum 
effective field strength of 1.18 T was measured at 170 K 
with a gap of 5.6 mm. An important feature of TPS-CUT18 
is its ability to incorporate either cryo-coolers or LN2 tanks 
as a cooling system (as depicted in Fig. 5). Like in the design 
of CU15, the cooling system is located at a separated 
vacuum, and the cold heads or LN2 tanks can therefore 
be replaced without reassembling the magnet arrays or 
UHV components. This aspect of the design is particularly 
beneficial for field measurements and corrections in the 
laboratory, where no LN2 supply is available. CUT18 was 
tested with liquid nitrogen tank cooling in the experimental 
hall of the TPS. When the temperature of magnets is 
controlled at 170 K, the cooling margin is more than 200 

Fig. 4: Cross sections of magnet arrays with conduction-cooling system.

Fig. 5: Current design of cryocooler-cooled PrFeB-based CPMU and extended design of a LN2-  
tank cooled NdFeB-based CPMU.

W, which is sufficient for operating TPS-CUT18 at a beam 
current of 500 mA. CUT18 was installed at the TPS storage 
ring in December 2021and ready for commissioning.

Summary
Two CPMUs with magnetic and cryogenic performance 
above the required specifications have been successfully 
developed at the TPS. With a temperature control system, 
the temperature of magnets can be stabilized, and the 
CPMUs can provide stable, reproducible energy spectra. 
Drawing on the development of the TPS-CPMUs, CPMU 
technologies are further advanced and even commercially 
produced. (Reported by Jui-Che Huang)
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The Design and Fabrication of Liquid Nitrogen 
Transfer System for Taiwan Photon Source 
Beamlines

A t Taiwan Photon Source (TPS), the main 
liquid nitrogen (LN2) transfer line of 

length 600 m for beamline endstations was 
installed in 2015. It previously supplied LN2 
to a maximum of 24 beamlines. TPS 13A, 
of which the aim is advanced and general 
studies of biological structures and structural 
kinetics in solution or condensed forms under 
environmental simulations, from atomic to 
micrometer scale and time resolution ranging 
from microsecond to minute, was installed 
during 2018 and 2019. We designed and self-
manufactured one LN2 transfer line according 
to the requirements of TPS 13A, to supply LN2 
into the double-crystal monochromator (DCM), to solve the 
problem of thermal deformation of the crystal. Otherwise, 
the keep-full device was intended to be used in place of the 
chiller's phase separator.

The installation and commissioning of one LN2-transfer 
system for the TPS project were completed in 2015.1 This 
system consisted of two transfer lines (length 600 m), 
eight keep-full devices, and 24 cryogenic control valves 
for 24 straight sections of beamlines. The consumption of 
LN2 required for each beamline is 20 L/h. The LN2 supply 
from a single storage tank (60 m3) was refilled every day 
from an LN2 truck. Another transfer line of length more 
than 300 m that supplied users of Taiwan Light Source 
(TLS) was installed in 2003. The configuration of the LN2-
transfer system in TLS and TPS is shown in Fig. 1. During the 
years 2015–2018, four LN2 branch lines for TPS beamlines 
(05A, 09A, 23A, 25A) were installed, enabled, and used 
LN2 to cool the beamline equipment for the DCM. Some 
unexpected problems appeared on these four LN2 branch 
lines, such as that the separator filling process being too 
noisy, ice or water formed due to cold nitrogen gas exhaust, 
the pressure downstream of the pressure-reducing valve 
that activates the safety valve was excessive, and heat loss 
caused by the non-vacuum design of the pressure-reducing 
device was excessive. In 2019, we designed, constructed, 
installed, and tested one vacuum-shielded LN2 branch line 
for TPS 13A.

Based on long-term operation in an early beamline LN2 
branch, some problems should be considered and avoided 
in this self-manufactured LN2 branch line, such as reducing 
the heat load, reducing the sound, decreasing the two-

phase flow, improving pressure stabilization, and avoiding 
the ice and water phenomenon. For these purposes, we 
designed three devices construct in the branch line, a 
pressure regulator, a keep full, and a sound-suppression 
device with a heater.

Figure 2 shows the structure of a pressure-regulator 
device. One pressure-regulator valve connects with an 
LN2 pipe located in a chamber for gaseous nitrogen. For 
maintenance, the top and bottom caps of the chamber can 
be opened. We can open the caps and adjust the pressure 
of the pressure-regulator valve during cold conditions while 
pure gaseous nitrogen flows into the chamber. We installed 
a check valve in the chamber to avoid the worst-case 
based on which the pressure-regulator valve leaks after 
thermal cycles. Two pressure transducers were installed at 
the downstream side and the GN2 chamber. This device's 

Fig. 1: Configuration of the LN2 transfer system in TLS and TPS.

Fig. 2: Pressure-regulating device.



Facility Status 101

heat load was reduced by using vacuum-shielded and 
super-insulation-shielded types. The G10 material is used to 
provide support inside the pipe.

Figure 3 depicts the structure of a keep-full device. 
This vacuum-protected keep-full device is also vacuum-
protected. A buffer contains a single mechanical ball-float 
valve. The ball-float valve exhausts the GN2 away at the 
start of the two-phase flow of nitrogen flowing through 
the buffer's entrance. The ball blocks the exhaust port 
within the ball-float valve until the LN2 fills the buffer. The 
two-phase flow of fluids occurs as a result of heat ingress, 
and liquid nitrogen vaporizes to nitrogen gas in the branch 
line. This condition can cause an accumulation of gaseous 
nitrogen in the pipeline, especially if there is little or no 
flow. The gas that has emerged is exhausted via the keep-
full device. The branch line is completely mechanically and 
automatically filled with liquid nitrogen.

A sound-suppression device was hence designed to 
diminish the noise by altering the flow velocity and the 
audio structure. The structure of this sound-suppression 
device, shown in Fig. 4, which uses the porous 
characteristics to reduce the air vibration to decrease the 
noise, mainly refers to a common exhaust muffler for motor 
vehicles. This muffler is classified as a resistance muffler, 
also known as an acoustic filter. The most basic type of 
expansion chamber is a thick tube with a large cross-section 
connected to the airflow channel tube, but the end is a thin 
tube. Adjusting the length of the cross-section buckle of the 

expansion chamber (large tube) affects the reflection and 
interference performance of the sound wave. There was no 
sound-absorbing material installed. This sound-suppression 
device is located at the exhaust port of the keep-full device. 
The condensation or icing occurs because of gaseous 
nitrogen at a low temperature. We wrapped an electrical 
heating wire around the surface to bring the exhaust up to 
room temperature.

Figure 5 depicts the LN2 branch line for TPS 13A. The 
vacuum-shielded branch pipe is about 6 m long, and the 
sound-suppression device is about 1 m long. Several tests 
were carried out before the installation on-site. A cold 
shock test was performed on the branch lines, which were 
filled with liquid nitrogen. The goal was to investigate the 
effects of thermal stress on fittings and welds. Each fitting 
and weld was tested at 80 K and after being warmed to 
room temperature. This procedure was repeated three 
times. The measured rate of helium leakage was less than 
1.0 × 10−9 mbar L s−1 in the evacuation mode with vacuum 
level 1.0 × 10−3 mbar. The pipeline was filled with helium at 
5 barg for leak testing. The standard rate of leakage of the 
sniffing mode is less than 1.0 × 10−5 mbar L s−1. 

Figure 6 (see next page) shows the pressure fluctuations 
of a tank, as well as the upstream and the downstream 
pressures of the pressure-regulating device. The pressure of 
the tank fluctuated from 2.6 to 2.7 bar gauge (barg) when 
the 60-m3 LN2 tank was refilled from the LN2 truck; the 
pressure rose briefly to 2.9 barg, but the pressure upstream 

Fig. 4: Sound-suppressor device.

Fig. 5: LN2 branch line for TPS 13A.

Fig. 3: Keep-full device (+ buffer + exhaust port).
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of the pressure-regulating device was greatly shaken 
for a period of about 24 hours; the pressure fluctuation 
range was 2–4.2 barg, which was a large fluctuation when 
compared to the normal operation situation 2–2.6 barg. 
Because of the long-distance transfer and the random 
use of LN2, pressure fluctuations were unavoidable. The 
mechanical pressure-regulating device stabilized the 
downstream pressure fluctuations and reduced their 
impact on the cryogenic equipment of the beamline. The 
downstream pressure of the pressure-regulating device is 
about 1.48 to 2.1 barg.

The static heat loss is an important quality indicator for 
the vacuum-shielded pipeline. This section describes 
the measurement of the heat load of this branch line. 
Pure saturated liquid nitrogen flowed through the LN2 
branch line. The static heat load along the entire path qT 
vaporized the liquid, thus delivering the gas to the keep-
full device. The total rate of mass flow, mT, was measured 
after warming the cold gas with a passive heater. mT is 
the vaporized LN2 from the static heat load as the supply 
of the LN2 was interrupted during the measurement. The 
calculation of the heat load was based on the following 
equation,

mT × hfg = qT

in which hfg is the enthalpy of LN2.

Fig. 6: Pressure fluctuations of the tank, pressures upstream, and 
downstream of the pressure-regulating device.

Fig. 7: The exhaust gas of the keep-full device.

Figure 7 shows the mass flow measurement result. The 
average flow rate was about 1.5 L/min. Using the equation, 
we obtained the total heat load to be 5.68 W. 

Two-phase flow, pressure fluctuations, condensation of 
water or ice, and noise in exhaust devices are all common 
problems in liquid nitrogen pipelines. The cryogenic team 
considered and eliminated these issues when designing 
and commissioning the branch line. The pressure-
regulating device eliminated the pressure-fluctuation issue. 
The keep-full device improved the purity of the liquid fluid 
in the branch line, which replaced the separator that had 
been installed before the beamline cryogenic equipment. 
Sound suppression and the temperature controller reduce 
noise and avoid condensation. The overall heat load of 
the branch line (length 6 m) is about 5.6 W at 77 K. The 
commissioning with the beamline DCM device also had 
excellent test results. The design, fabrication, and assembly 
by the cryogenic team in NSRRC decreased not only 
the budget but also time. The design of more complex 
cryogenic piping for TPS is currently in the works. (Reported 
by Huang-Hsiu Tsai)
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Fig. 1: (a) Active mirror. (b) Variance of slope error measured by LTP in the metrology laboratory. 
(c) Mirror chamber equipped with the AM and LTP.

Soft X-ray Nanoscopy Beamline at Taiwan Photon 
Source

A soft X-ray nanoscopy beamline is at present under 
construction at Taiwan Photon Source port 27. 

Powered by elliptically polarized undulator EPU66 
and a newly designed active-mirror plane-grating 
monochromator (AMPGM), the TPS 27A nanoscopy 
beamline is capable of delivering a photon beam with 
high energy-resolving power at a constant beam size. 
Here we report the construction status of beamline TPS 
27A and two microscopy stations that it hosts; scanning 
transmission X-ray microscope (STXM) and photoelectron 
microscope (PRINS; Photoelectron Related Imaging and 
Nano-Spectroscopy). Despite the progress of beamline 
construction being slowed by numerous delays caused by 
the COVID-19 pandemic, we expect that this beamline will 
move into the commission phase by the end of 2022.

Beamline TPS 27A
The optical design of TPS 27A has photons coming through 
the entrance slit, reflected by an AM, and dispersed 
with a PGM before being focused onto the exit slit. In a 
conventional PGM system that works with a mirror of fixed 
curvature, its optimized focal length must be a function of 
the photon energy. As a result, it is difficult to maintain the 
beam size constant for all photon energies at a position-
fixed exit without sacrificing the resolving power. This 
dilemma is overcome in TPS 27A that incorporates an 

AM system in which the mirror curvature is adjustable. 
The challenge of having an AM system is that bending a 
mirror is never trivial, not to mention that the curvature 
of the mirror must remain well defined during operation. 
To fine-tune the slope error of the mirror surface and to 
provide reliable feedback, the beamline construction team 
at the NSRRC developed two high-precision techniques 
for the AM system—a highly precise 25-actuator optical 
surface bender and a long-trace profiler (LTP).1,2 Figure 1(a) 
shows a photograph of an AM system that has a mirror 
held on top of a high-precision 25-actuator optical surface 
bender. The variance of slope error of the AM measured by 
LTP in the metrology laboratory is shown in Fig. 1(b). As 
depicted in Fig. 1(b), the large slope error (black curve) is 
significantly suppressed (red curve) after the actuators are 
turned on. Figure 1(c) shows how the LTP is mounted on 
the mirror chamber. After the exit slit, the beam sizes are 
further adjusted with either a Fresnel zone plate or active 
Kirkpatrick-Baez  mirrors according to the needs of the 
endstations. Figure 2 is a recent photograph of TPS 27A 
with the STXM at 27A1. 

TPS 27A1 STXM Station
After implementing several improvements in 2021, the 
scanning transmission X-ray microscope at TPS 27A1 
designed in-house has been designated as the major 

commission endstation for 
beamline TPS 27A. Based on the 
photon-in photon-out mechanism, 
the microscope aims to work 
on X-ray absorption spectra 
and nano-imaging through a 
combination of multiple scanning 
stages, photon detectors, and 
focusing optics such as a zone 
plate (ZP) and order-sorting 
aperture. 2D images with a spatial 
resolution better than 30 nm 
can be recorded pixel-by-pixel by 
collecting the transmitted photons 
at each scanning point. To achieve 
high spatial resolution, it is critical 
to place vibration, mechanical and 
thermal stabilities under control. 
A 304 stainless-steel vacuum 
chamber with a baseplate of 
thickness of 55 mm is designed 
and attached to a 1950-kg epoxy 
granite via six rigid and adjustable 

(a)

(b)

(c)
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Fig. 2: TPS 27A beamline viewed upstream from STXM.

Fig. 4: Photograph of gas cell assemblies in situ to STXM and recorded 
offline test results.

Fig. 3: Photograph of the epoxy-granite-supported STXM chamber at 
TPS 27A1 and key components inside the chamber

invar struts to diminish the vibration from the ground. The 
relative motion between the ZP and a sample is another 
key parameter that requires instant compensation during 
image acquisition. A differential-type laser interferometer 
feedback-control system is implemented to maintain the 
required stability. A photograph of the STXM endstation 
and key components inside the microscope chamber are 
shown in Fig. 3.

STXM is a microscope suitable for diverse applications 
including magnetism, polymer sciences, environmental 
science, and energy science. In 2021, we implemented 
several in-operando systems at 27A1 to expand the 
capabilities of STXM. The photograph shown at the top of 
Fig. 4 is one experimental configuration in which a gas cell 
capable of temperature and biasing controls is connected 
to the sample holder. An initial test result with N2 gas 
indicated that the cell can maintain 10,000 pa and reach 
500 oC. 

TPS 27A2 PRINS Station
TPS 27A2 is the home of the PRINS station. The core 
of the station is a microscope that aims to work on 
photoelectron-related imaging and nano-scale spectra 
through a combination of an imaging-type electron column 
integrated with a hemispherical electron-energy analyzer 
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Fig. 6: Photograph of the sample preparation system and a recorded 
LEED pattern from a clean Cu(100) surface at 80 eV.

Fig. 5: Working geometry (left) and its photograph after installation (January 2022) of the PRINS station at TPS 27A2.

and an imaging spin filter. After the microscope arrived 
at the NSRRC in late October 2021, an effort to assemble 
and install it was initiated immediately. Figure 5 is a recent 
photograph of the microscope with a cartoon showing its 
working principle and chamber orientation. We expect the 
off-line commissioning with a UV light source to begin in 
the first half of 2022, followed by the commissioning with 
synchrotron light at the end of the same year. 

Because photoelectron microscopy is a surface-sensitive 
technique, the 27A2 station includes a UHV sample 
preparation system designed in-house to work with the 
microscope.  The preparation system consists of a load-
lock chamber and a standard surface science chamber 
capable of conducting low-energy electron diffraction 
(LEED), Auger electron spectroscopy, ion-sputtering, sample 
flash annealing, and thin-film deposition. The preparation 
system was designed in 2020, constructed, and tested in 
2021 (see Fig. 6). Figure 6 (bottom) shows a LEED pattern 
taken from a clean Cu(100) single crystal at electron energy 
80 eV. The sample preparation system will be connected 
to the microscope system to enable experiments in situ. 
(Reported by Yi-Jr Su, Hung-Wei Shiu, Tzu-Hung Chuang, 
and Der-Hsin Wei)
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Micro-Tomography and Transmission X-ray 
Microscopy at Taiwan Photon Source

P rojection X-ray Microscope (PXM) beamline TPS 31A1 
will be opened to users in the second half of 2022, 

with the resolution of sub-micrometer tomography and as 
large as 300 mm x 70 mm for two-dimensional images. The 
transmission X-ray microscope (TXM) (TPS 31A2) branch, 
the high resolution X-ray image of 30 nm, will be shortly 
assembled and tested in early 2023.

Since 2004, the TXM was installed at TLS 01B,1−3 at which 
the highest 2D-resolution is better than 60 nm with Zernike 
phase contrast. This was the first TXM that utilized a 
capillary as the condenser which greatly increases the flux 
and also the spatial resolution indirectly. Using this scheme, 
in subsequent research, the resolution of TXM is better 
than 30 nm,4 which is limited mainly by the zone-plate 

fabrication. In phase II of the Taiwan Photon Source (TPS) 
beamline, the TPS 31A beamline was hence planned to 
accommodate PXM and TXM in the same beamline.

The primary factor of the X-ray imaging is the photo flux. 
In this case, the W100 wiggler was chosen as the source of 
TPS 31A, which gives two orders of magnitude greater flux 
than the conventional bending magnets in the TPS at 50 
keV. The brightness and flux of this wiggler source are 4.9 

Fig. 1: (a) PXM with white beam mode; the beam from the source impacts the sample without striking any optics. (b) PXM with DMM mode: The beam 
from the source impacts the DMM then strikes the sample. (c) PXM with DCM mode: The beam from the source impacts the VCM, DCM and PM 
then strikes the sample. (d) TXM with DCM mode: The beam from source impacts the VCM, DCM, and is refocused by HFM and VFM then strikes 
the sample. There are filters and attenuators in the beam path in all modes (not shown in this figure).

(a)

(b)

(c)

(d)
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(b) Spot size on 
sample

Flux @ 10 keV Energy 
resolution

Energy range Resolution

TXM Mode ~30 μm 2 × 1011 p/s 1.4 × 10-4 5−12 keV 30 nm

(a) Spot size on 
sample

Flux @ 30 keV Energy 
resolution

Energy range Resolution

White beam 20 mm × 17 mm 2.1 × 1018 p/s Non 5−inf 0.5 μm

Mono beam/ 
Multi-layer

20 mm × 17 mm 2.1 × 1013 p/s 1%–2% 5−50 keV 0.5 μm

Mono beam/ 
DCM Si (111)

20 mm × 2.5 mm 2 x 1012  p/s 1.4 × 10-4 5−40 keV 0.5 μm

Table 1:   (a) Beam parameters on the sample position for each mode for PXM. 
  (b) Beam parameters on the sample position for TXM.

× 1017−5.8 × 1016 photons s-1 mrad-2 mm-2 0.1%BW-1 0.5A-1 

and 2.6 × 1014−8.9 × 1012 photons s-1, respectively in the 
energy range from 5−50 keV. 

TPS 31A beamline is shown in Figs. 1(a)−1(d). Its 
horizontal divergence is further confined to 0.5 mrad by 
a water-cooled pinhole due to a limitation of a diamond 
window. The diamond windows, located in the optical 
hutch, have thickness 100 μm and 200 μm respectively, 
thereby removing low-energy photons and decreasing the 
radiation power. There is a beryllium window of thickness 
250 μm between the diamond window and the double 
multilayer monochromator/double crystal monochromator 
(DMM/DCM) chamber to protect the ultra-high vacuum 
environment upstream of the monochromator. Another 
beryllium window of thickness 250 μm is located at the end 
of the beamline, separating the ultrahigh-vacuum section 
from the experimental station at atmospheric pressure.

The beamline is designed with the following four working 
modes: (a) PXM with white beam mode: its layout is shown 
in Fig. 1(a). In addition to the above optical components in 
the figure, we added two slit systems to define the beam 
size and to monitor the beam position. (b) PXM with DMM 
mode. Its layout is shown in Fig. 2(b). The DMM is located 

31.5 m from the source and uses a top-side water-cooled 
dual [W/Si] 100 multilayers. The DMM has an energy 
resolution 2%−6% in energy range 5−50 keV. (c) PXM with 
DCM mode: Its layout is shown in Fig. 1(c). The vertical 
collimator mirror (VCM), positioned 28 m from the source 
to form a parallel beam for the DCM, is cooled with water 
on its top side. The DCM is located at distance 32.5 m from 
the source, with liquid-nitrogen-cooled dual Si(111) crystals; 
the energy resolution (ΔE/E) of the dual crystals is 1.34 × 
10-4 to 1.67 × 10-4 in energy range 5−30 keV. (d) TXM with 
DCM mode: Its layout is shown in Fig. 1(d). In addition to 
the VCM and DCM mentioned in the PXM with DCM mode, 
a horizontal focusing mirror (HFM) and a vertical focusing 
mirror at 37 m and 44.5 m were added, all focused at 48.1 
m as the secondary source of the capillary condenser. The 
spot size on a sample, flux, energy resolution and energy 
range are listed in Table 1(a) PXM and Table 1(b) TXM 
mode. The 3D drawing of endstation and beamline is 
shown as Fig. 2.

The Endstation
PXM and TXM are designed to capture quickly and 
accurately 2D X-ray images and 3D X-ray tomographies. 
Users are able to obtain valuable data with their sample of 
varied size, material and experimental conditions.

For the PXM endstation, with 
sub-micrometer resolution, the 
sample is expected for a large 
size, with rapid imaging and 
capabilities in situ. The sample 
stage is thus designed for heavy 
duty, along with a large travel 
range of the sample stage. The 
maximum load of the sample 
stage can be up to 50 kg, which 
allows a maximum travel range 
up to 300 mm × 70 mm, which 
allows a large sample to be 
stitched. The PXM is also aimed 
for ultra-high-speed imaging 

capabilities; a high-speed image camera 
system is installed with up to 60,000 
frames per second. For large quantities of 
a sample, an automatic sample exchange 
system is installed.5 This system is able 
to change the sample in 30 seconds. 
With the development of On-The-Fly 
tomography, one sample with one 
tomography can be finished in 1 minute. 
A hybrid-type detector for the diffraction 
contrast tomography is also equipped. A 
3D drawing of the PXM endstation and 
sample exchange system is shown in Fig. 
3. To store a huge data set from the PXM 
endstation, a hybrid type (combining the Fig. 2:  3D drawing of endstation and beamline of TPS 31A.
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solid-state drive and hard disk drive) storage system will 
be installed in early 2022. With over 1 Petabyte capacity, 
the expected storage time for the user data can be up 
to 30 days. An eight-node GP100 GPU cluster was also 
built for the high-speed reconstruction; this speed is just 
sufficient if the data comes in 2048 × 2048 × 720 in 1 
minute. A reconstruction typically requires, however, more 
manual adjustment back and forth. A so-called real-time 
reconstruction for the continue data stream from the PXM 
endstation is not yet achievable.

For the TXM endstation, with resolution up to 30 nm, 
the sample is expected to be as small as 20−30 μm or of 
flaky type. With the high resolution, the sphere of the 
confusion (SOC) of the nano-tomography is the key issue 
that determines the resolution in 3D. The wobble from 
the SOC was formally solved by manually alignment or 
semi-automatic alignment with markers. In this case, the 

alignment largely depends on the features of the sample or 
the contrast of the markers in the X-ray image. To solve this 
issue, four-axis laser interferometers, capacitive sensors and 
a flexure feedback system will be installed in the new TXM 
system to improve the SOC of nano-tomography. Beside 
this, for the experiment in situ, the working distance of this 
TXM is enlarged to 50 mm from 8−12 keV to provide more 
flexibility for the experiment in situ.

Current Progress of Work on Site
The work on site of this beamline began in early 2020, a 
few months before the arrival of the DCM/DMM. The DCM/
DMM system weighed over 12 tons, which is the heaviest 
monochromator system that has ever installed in the TPS. 
With three independent cranes and two independent 
cooling systems, this DCM/DMM is the most complicated 
system in control and operation, as shown in Fig. 4. 
Moreover, 2020 is the time for the COVID-19 pandemic 
when business travel became difficult. It took nearly a half 
year to test and to install the DCM/DMM system by our 
staff with technical advice from Kohzu. In May 2021, the 
installation work of DCM/DMM was finished successfully 
and the rest of part of beamline began to be installed on 
site. During May and July 2021, as there was COVID-19 
separation in Taiwan, the installation work was delayed. 
This beamline was able to be assembled, pumped and 
baked from August to October 2021. The interlock system 
and software was completed in late October. This beamline 
passed the internal test on October 25 and passed the 
inspection test of beamline safety on November 11. On the 
same day, the white beam passed through the endstation 
hutch, as shown in Fig. 5. The gap of W100 is fully closed 
and the e-beam current of the TPS was 30 mA. The TPS was 
scheduled to shut down after the first test; the beamline 

Fig. 3: 3D drawing of PXM endstation and sample exchange system.

Fig. 4: (left) Photograph of DCM/DMM after it was positioned at TPS 31A. (right) Photograph of DCM/DMM after the cover 
layer was taken down, showing the complicated structure of the DCM/DMM.
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Fig. 5: (left) Photograph of a sample stage in white beam mode. (right) Photograph of white beam on a screen fixed on the sample stage by 
a top view camera. The red column indicates the sample stage. 

will be reopened for testing in March 2022. Meanwhile, the 
installation of storage system and pre-alignment system of 
PXM continues.  

For the TXM beamline branch, all procurement contracts 
of the optics and its chamber were signed and will be 
delivered in year 2022. An uncertainty from the pandemic 
is, however, still widely applicable among most continents; 
some contractors had already issued a delay of the 
contract up to half year. All parts of the TXM endstation 
have already been contracted out and are expected to be 
finished before May 2022. The TXM endstation is scheduled 
to be assembled and tested before the end of 2022.

Summary
The X-ray imaging method is known as the first X-ray 
technology. With the progress of various technologies in 
the past century, X-ray imaging technology has shown 
tremendous progress in the intensity of a light source, 
speed of image capture, image resolution and detector. The 
X-ray images that can be processed today are not only 3D, 
but 4D (time axis), or even more than 5D (energy axis). The 
processing capability of many data also makes it possible 
to process tomography data exceeding Terabytes. For 
3D tomography, each dimension is about 104 pixels, and 
each pixel is 2 μm, which can cover a range about 2 cm³. 
Processing of this huge amount of data is currently widely 
used in biomedical brain imaging and material applications. 

In addition, due to the increased luminous flux and the 
advancement of detectors, two-dimensional images can 
reach more than 60,000 frames per second; the time 
resolution of three-dimensional tomography can reach 10 
times per second. Both in-situ and dynamic experiments will 
be possible. The fully automated sample exchange system 
is also expected to provide many rapid tomography services 
for the scientific and industrial community. It is also the 
stepping stone for the artificial intelligence. (Reported by 
Gung-Chian Yin)
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Current Status of TPS 39A NanoARPES Beamline

T he investigation of emergent quantum materials 
provides a foundation to develop new technology. 

The novel phenomena from these materials including 
electrical, optical and magnetic properties provide 
opportunities for the development of quantum computing, 
energy storage, catalysis, etc. In the early stage of material 
discovery, the insight of electronic structure can give clues 
to shorten the period of development. To probe the band 
structure of novel materials, angle-resolved photoemission 
spectroscopy (ARPES) has emerged as a cardinal 
experimental tool to elucidate the emergence of many 
interesting physical properties in advanced materials, due 
to its unique capability to probe directly their momentum-
resolved electronic structures. It allows researchers not only 
to map out the band dispersion and Fermi surface topology 
but also to understand comprehensively momentum- and 
energy-dependent complicated phenomena in advanced 
materials. A central challenge in condensed-matter physics 
is to investigate further the many-body systems in which 
strong interactions lead to novel ordered ground states. 
Examples include high-Tc superconductors, complex oxides, 
graphene-based materials, 2D materials, transition-metal 
dichalcogenides, topological insulators, unconventional 
superconductors, heavy Fermion materials, Dirac semimetal 
and Weyl semimetals, etc.

A plan of a novel nanoARPES beamline was approved in 
2017. Two separate branches with different beam-focusing 
methods were planned to meet the research requests and 
to expand the scope of emergent quantum materials. A 

micro-focusing µARPES branch (TPS 39A1) supported by 
Taiwan Consortium of Emergent Crystalline Materials and 
the NSRRC was constructed first; another construction 
plan of a nano-focusing ARPES beamline (TPS 39A2) 
was also begun in 2019. The design of focusing optical 
systems at TPS 39A nanoARPES beamline was based on 
Kirkpatrick-Baez (K-B) mirrors and zone-plate techniques; 
a new endstation with a scanner stage aimed to enable a 
high-resolution ARPES at the micrometer and nanometer 
scale. The monochromator type is the active mirror-plane 
grating monochromator (AM-PGM), which was developed 
by the NSRRC. The novel AM-PGM design can deliver high 
energy resolution, high photon flux and a wider photon 
energy range. After the monochromator, the K-B mirrors 
focusing method was used at TPS 39A1 µARPES branch to 
achieve the design goal of a minimum spot size about 10 
µm; the zone plate focusing method was used at TPS 39A2 
nanoARPES branch to focus the beam spot size down to 
100 nm.

An elliptically polarized undulator (EPU) of period length 
168 mm was used as a photon source. The operating 
photon energy is from 20 to 650 eV to cover most VUV 
and soft X-ray photon energy range. The insertion device 
of EPU168 was installed in November 2020. Owing to a 
pandemic of COVID-19, shipment of several beamline 
optics was delayed to the NSRRC, but most construction 
work was still on track. The beamline optics in a hutch 
before the monochromator were installed completely. The 
active mirror-plane grating monochromator is still under 

Fig. 1: (a) Design of reshaped endstation TPS 39A1 µARPES. (b) Assembled endstation TPS 39A1 µARPES.
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test and will be installed on site in March 2022. In addition, 
a safety interlock system was set up in December 2021. All 
beamline optics will be installed in April 2022 for a further 
commissioning stage. 

The construction work of TPS 39A1 µARPES branch was 
led by Den-Sung Lin (National Tsing Hua University) and 
NSRRC teams. The endstation was assembled in early 2018 
and test began at the end of 2018. Because the µARPES 
endstation was constructed earlier than the beamline 
construction and there was a serious delay of shipment of 
beamline optics, a reshaped work of the µARPES endstation 
was carried out to optimize the experimental efficiency. 
The major concepts of reshaped µARPES endstation should 
obey safety guidelines, but also maintain high efficiency 
in taking data. The design of the reshaped endstation was 
completed in April 2021. Figure 1(a) displays the design 
of the reshaped µARPES endstation, located at port 39 
of the TPS. A 2D-VLEED spin detector was equipped with 
the endstation for spin-resolved ARPES. A Scienta DA30L 
energy analyser with deflection mode and a six-axis low-
temperature manipulator developed by the NSRRC can 
satisfy effectively the request of Fermi-surface mapping. 
A large area platform with a solid guard rail can avoid 

Fig. 2:  Design of zone plate, OSA and sample stages in nanoARPES branch.

possible accident effectively during experiments. The 
reshaped µARPES endstation was assembled in November 
2021, as shown in Fig. 1(b). The overall system will be 
installed on site after completing beamline construction 
in April 2022. The commissioning work will be conducted 
after May 2022. The endstation will be partially opened to 
users at the end of 2022.This novel endstation can allow 
users to conduct spin-resolved ARPES and conventional 
ARPES in the near future.

For the TPS 39A2 nanoARPES branch, the design of 
all scanning stages including zone plate, order-sorting 
aperture (OSA) and sample stage was finished in July 2020. 
Figure 2 exhibits the final design of the whole system. All 
stages were delivered and assembly began in June 2021. 
The integration of motors and analyser will be completed in 
April 2022. The mu-metal chamber was shipped to NSRRC 
in December 2021. The functional test of zone plate stages 
will be done in June 2022. The assembly of the entire 
system including chamber, analyser and all stages will be 
done in August 2022.


