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Fig. 1: The summary of the beam availability, 
beam stability (ΔI/I0) and MTBF of the 
TLS user-model operation.

Table 2: Major operation parameters of the TLS storage ring

Table 1: Major parameters of the insertion devices installed in TLS

Taiwan Light Source (TLS)

Operation Parameters
Tables 1 and 2 show the major opera-
tion parameters of the TLS storage ring 
and the associated insertion devices.

Operation Summary
The performance indicators for the 
TLS operation are shown in Fig. 1. The 
TLS has shown an outstanding perfor-
mance in 2017. The beam availability 
is 98.5% with a scheduled user time of 
4,669 hours. The mean time between 
failures (MTBF) reached a historical 
high, 259.4 hours. The beam stability 
also achieved 97.5%, the best ever.

Status of TLS and TPS Accelerators

 NSRRC accelerator team: (left to right) Chang-Hor Kuo (team leader), Cheng-Chih Liang, Sam Fann, Chun-Shien Huang, Szu-Jung 
Huang, Tsung-Yu Lee, Wei-Yu Lin, Bo-Ying Chen, Hung-Chiao Chen, Yao-Kwang Lin, and Hsin-Hui Chen.

Beam energy [GeV] 1.5 
Number of buckets 200
Beam current [mA] 360
Beam emittance (εx/εy ) [nm-rad] 22 / 0.088
Betatron tune (νx/νy) 7.302 / 4.17
RF voltage [MV] 1.6
Beam lifetime [hour] 7

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



Facility Status

A
CTIV

ITY
 REPO

RT  2017

079

Fig. 2:  The summary of the beam availabil-
ity and MTBF of the TPS user-model 
operation.

Table 3: Major operation parameters of the TPS storage ring

The Rooftop Photovoltaic Systems at NSRRC

Taiwan Photon Source (TPS)

Operation Parameters
The major operation parameters of the 
Taiwan Photon Source (TPS) are shown 
in Table 3.

Operation Summary
In 2017, totally 60 beam trip events 
occurred with a mean recovery time 
of 1.11 hours. The superconducting RF 
system contributed to the downtime 
of 40%, due to the gas loading 
issue. The summary of the beam 
availability and MTBF of the TPS 
user-model operation is shown  
in Fig. 2. (Reported by Chang-Hor 
Kuo)

Beam energy [GeV] 3.0
Circumference [m] 518.4
Number of buckets 864
Beam current (design) [mA] 400 (500)
Beam emittance (εx/εy ) [nm-rad] 1.6 / 0.016
Betatron tune (νx/νy) 24.18 / 13.28
Natural chromaticity (ζx/ζy ) -75 / -26
Momentum compaction (α1/α2 ) 0.0024 / 0.0021
RF voltage [MV] 2.8
Synchrotron tune (νs) 5.42 x 10-3

F acing deteriorating air quality issues and the 
availability of natural resources, renewable, 

clean sources of energy are getting more and more 
attention in recent years. This kind of energy does 
not produce greenhouse gases, helps distributed 
power generating systems, strengthen the nation 
energy security, and assist its long-term economic 
growth. For more than a decade, it becomes a trend 
for governments worldwide to set up the renewable 
energy promoting policies. Taiwan has no fossil fuel 
resources, so the development of renewable energy 
techniques and their application is always a high-pri-
ority policy of the government. Today, the renewable 
energy sources are only responsible for a few percent 
of the total energy consumed in Taiwan. Since 2016, 
the new government announced a new green energy 
policy that envisages the use of renewable energy 

to exceed 20% of the energy supply nationwide by 
2025. It is definitely a tough challenge and requires 
more incentive measures to carry it out. 

Among the renewable energy sources, solar panels 
have many advantages. They generate the electricity 
without carbon emission and ash/waste products, 
and require no input other than sunlight. It does 
NOT generate the radioactive waste or increases the 
environmental risks associated with nuclear power 
and there is no risk of groundwater pollution during 
processes like extraction of natural gas or other hy-
drocarbons. Furthermore, compared to all the other 
types of the power plants that generate the electricity 
via steam turbines, solar panels require little or even 
no water once installed.
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Benefitting from the economy of scale and the tech-
nology improvement made in photovoltaic (PV) in 
recent years, the capital expenditure for setting up 
the photovoltaic system has decreased significantly 
over the past 10 years. These falling up front costs of 
construction and installation along with policy stimu-
lation from the government, more and more people 
are motivated to build solar PV systems above their 
own homes. 

To cope with the green energy policy, NSRRC initiat-
ed the rooftop PV system project at the beginning 
of 2016. It had many objectives not only to produce 
clean energy, but also to reduce the load on the 
air-conditioning system, beautifies the landscape of 
the roof and helps prevent water leakage into our 
ageing buildings. Owing to the tighter and tighter 
budget condition from the government, NSRRC de-
cided to construct the PV system within the original 
budget funding.

The proposal of rooftop PV system accompanied with 
a report of cost-benefit analysis was submitted to the 
NSRRC Board of Directors for the review in March of 
2016, and was approved. Financing for this rooftop 
PV system came from the NSRRC Establishment Fund. 
After a prolonged and extensive purchasing process, 

Fig. 1:  Roof landscape (a) before and (b) after the installation 
of the PV systems.

Fig. 2:   The monitoring system of the rooftop PV systems.

which included the open bid announcement and 
vender selection, the construction started rapidly. In 
June of 2017, three on-grid systems located on the 
roofs of the Instrumentation Building, Administration 
Building and Activity Center were completed. Four 
months later, three other systems located on the 
roofs of the Research, Utility and TLS Office Buildings 
were also completed. The photos in Fig. 1 shows 
the roof landscape in NSRRC before and after the 
installation of the PV systems. As shown in Fig. 1(a) 
the aerial view of the NSRRC campus has significantly 
improved and the aging rooftops are more beautiful-
ly presented. 

The capital expenditure of the PV system was ap-
proximately 50 million TWD (~1.7 million USD) The 
installed PV system has the total capacity of 1094.46 
kWp, and is expected to generate 1.1–1.2 million 
kWh annually. All the electricity generated by the PV 
systems will be sold to the power supplier, Tai-pow-
er Company, at a negotiated price for the next 20 
years. Figures 2 and 3 show the monitoring system 
of the rooftop PV systems, and the energy and pow-
er produced in one day. They indicate the real-time 
electricity output, the daily produced energy, the 
accumulated energy, the carbon reduction, and the 
power-energy diagram of the PV systems. The energy 
produced by the PV systems is higher than estimated 

(a)

(b)
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due to the good weather and high temperature recently. With this high 
efficiency and PV capacity, the net income though the energy selling to 
the Tai-power Company might reach 5.5–6.0 million TWD per year. The 
payback period for the capital expenditure is thus between 8 and 9 years. 
The profit gained once the original expenditures are paid back will be 
stable and reliable and used to benefit all at the NSRRC by improving the 
synchrotron radiation research, the encouragement of the outstanding 

Fig. 3:   The energy and power produced in one day.

Fig. 1:  The schematic layout of the TPS Post-mortem System for 
the diagnosis of beam trip.

performances, and the support of 
welfare activities of the staff.

The rooftop PV system project at 
the NSRRC has already helped the 
environment and will continue 
to for many years. However, for a 
beautiful earth, we must and will 
pay attention to the manufactur-
ing processes of PV materials to 
minimize the possible pollution 
and establish an end-of-life re-
cycling protocol for the existing 
PV panels. (Reported by Jau-Ping 
Wang)

This report features the NSRRC Roof-
top PV System Project led by Ming-
Tsung Lee and Jau-Ping Wang.

The TPS Post-Mortem System

T he Taiwan Photon Source (TPS) is a low emit-
tance and high brightness synchrotron light 

source, located in Hsinchu, Taiwan. The TPS operates 
as user mode since September 2016. From the very 
beginning, several electron beam trip events oc-
curred at the TPS; those trip events mainly resulted 
from the failure and malfunction of the subsystem 
and some of these events are still not clarified yet. In 
order to figure out the root cause to trigger the elec-
tron beam trip, the Instrumentation & Control (I&C) 
group established the TPS Post-mortem (PM) System 
to analyze trip events. This implementation has been 
followed by the developments of several useful util-
ities, such as the trigger capture of the spontaneous 
firing caused by the pulser magnets, the monitoring 
of 3-phase line voltage provided by the power sup-
ply, the report auto-generator and the web-based 
interface for the quick survey. With the help of the 
TPS PM system, the reliability and availability of the 
TPS operation were improved significantly.

Figure 1 shows the infrastructure of the TPS PM 
system, including the beam trip detector, EPICS 
(Experimental Physics and Industrial Control System) 
embedded standalone data recorders, the data stor-
age server and the viewer. While the beam current 
stored in the storage ring of the TPS decreased more 
than 25 mA within 0.1 millisecond, the beam trip 
detector will output a trip signal as the trigger. The 

trigger signal will be broadcasted to the beam posi-
tion monitor (BPM) platforms and the data recorder 
via the event-based timing system for the synchroni-
zation of the data capture. Then, the data recorder 
will record the relevant information. The PM data 
stored in the data storage server are used for the re-
port auto-generation. Based on the PM viewer graph 
user interface (GUI) and/or the beam trip report, we 
could analyze the root cause of the trip event. Up to 
now, the recognizable sources which result in the trip 
of the electron beam involve the trip of RF system, 
the interlock of BPM system, the interlock of vacuum 
system, the interlock of front-end system, and the 
irregular firing of the injection pulsed magnet.
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The BPM system helps to avoid damage to acceler-
ator components by high-energy particle beams or 
radiations. The interlock of BPM is activated by two 
scenarios: the electron beam position exceeds the 
defined limitation in the transverse plane and in 
case of saturated ADC (analog-to-digital converter) 
counts. The dedicated memory buffer of each BPM 
can contain 10,000 sets of turn-by-turn data for the 
PM system. These data could provide the information 
of transverse beam position and the signal change on 
each button for the trip analysis, helping to enhance 
the reliability of the accelerator.

The data storage server is designed to save the PM 
data automatically by monitoring the change of the 
BPM values through a background MATLAB process. 
While the trip occurs, a two-step saving process starts. 
In the first step, the process saves the setting param-
eters of related subsystems immediately. Followed 
by the PV channel access, the second step stores the 
data as MATLAB format while the data recorder is 
ready. In order to identify the possible source, such 
as the trip resulted from an irregular firing of the 
kicker magnet, the saving process also performs a 
preliminary time analysis from the recorded signals. 
At the same time, the report generator will output an 
html-formatted report involving the event description 
to the database for the web browser access.

The TPS PM viewer GUI is developed to list and plot 
the trip event by utilizing the MATLAB GUIDE toolbox, 
as shown in Fig. 2. The PM viewer can list the trip 
events with a simple note and provide a check box 
filled with the saved signals for the display selection.

A customized toolbar of the PM viewer equipped 
with simple data adjustment function are shown in 
Fig. 3. Figure 4 shows the demonstration of the data 
cursor and dual cursor function of the PM viewer 
about the forward power, the reflected power and 
the gate voltage of 3rd superconducting RF system 

installed in the storage 
ring of TPS. (The sampling 
points are displayed if the 
time scale is small enough 
to visualize them).

Two real trip events are 
shown in the following 
Figs. 5 and 6 for the 
demonstration of TPS PM 
system. In the first trip 
event, shown in Fig. 5, 
three kicker magnets un-

Device BPM platform
Data recorder  
(8 channels)

Quantity 173 4 1
Sampling rate (kHz) ~578 100 50,000

Time span (ms) ~17.28 100 6
Data length (point) 10,000 10,000 300,000

Group Signals Description
Beam signals Ib, Orbit Stored beam current and turn-by-turn BPM data

RF signals Pr, Pf, GV, RC
RF system parameters: forward power, reflect power, gap 
voltage, and ready-chain signal

Interlock signals
BPM, vacuum, frontend, beam-
line, safety

Subsystem interlocks to shut down the RF system

Pulser Kickers SR injection kicker waveform with trigger signal
Machine parameters setting values Subsystem parameters and the alarm list
Power line L1, L2, L3 3-phase voltage

Seismic signals X, Y, Z
Up-down, north-south, and west-east acceleration 
 (in planning)

Table 1: The data recorder units used in TPS. Each data recorder  
 consists of eight input channels with two types of  
 configurations.

Table 2: List of saved PM data

In addition, the embedded EPICS standalone data 
recorders are capable of distributed data acquisition 
from several subsystems. The data recorders installed 
in the TPS are listed in Table 1. The essential data 
saved for the TPS PM system are listed in Table 2.

Fig. 2:  Main page of PM viewer graph user interface.
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expectedly fired with 
the system trigger, 
and caused an in-
stant particle loss. 
Lots of spontaneous 
firing events were 
observed to be trig-
gered from the noise 
interference rather 
than the trigger from 
the control system. In 

order to solve the possible noise interference, instead 
of the copper wire, a fiber link was implemented for 
the signal transmission with relatively small noise 
pickup.

The second demonstration in Fig. 6 is the four se-
quential trip events occurred within one day caused 
by the drastic change of the beam position. Especially 
for the horizontal beam position, the change of the 
position can reach up to 6 mm within 10 milliseconds, 
and can trigger the interlock causing the beam abor-
tion. Four sequential trip events have shown similar 
horizontal and vertical beam position patterns, indi-
cating the possibly same trip source.

The TPS PM system identified as possible trip sourc-
es ono sextupole magnet (SD125), one horizontal 
corrector magnet (HC125) and the HC125 physically 
winded on the body of the SD125. The SD125 had 
four unexpected transient spikes ahead of four in-
dividual trip events whereas the HC125 had two 
transient spikes on the first and fourth trip events, 
as shown in Fig. 7. Based on the design of SD125, it 
was unable to detour a 6-mm orbit distortion and 
therefore the HC125 was the only possible suspect. It 

turned out that 1-Hz sampling rate of the 
PM system was not fast enough to catch 
the response of the corrector magnet. In 
the end, it has been verified that the trip 
was due to the malfunction of the power 
supply for the HC125. At this event, the 
BPM post mortem data effectively helped 
to point out the suspicious components 
and quickly identified the true trip source.

Figure 8 shows the web-based main page 
of the TPS PV report system. It was devel-
oped by the Python/Django with SQLite 
database. The auto-generated report is 
available by clicking the “Report Link” for 
the specific trip event. The information 

Fig. 3:  The text description of the toolbar of PM viewer.

Fig. 4:  Demonstrations of the data cursor and dual cursors 
functions. Three plots from top to bottom show the for-
ward power, the reflection power and the gate voltage 
of 3rd superconducting RF system, respectively.

Fig. 5:  The beam trip caused by the spontaneous firing of kicker magnets K1, 
K3 and K4 while the kicker magnet K2 misfired.

within the report include the timestamp of the trip event, the note, the beam current, the waveforms of the kick-
er magnets, the waveforms of the subsystem interlock signal, the history of the beam current and the machine 
parameter. Because of the web-based interface, the report can be reviewed by all web browsers from various 
electronics devices.
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The TPS Post-mortem system 
plays an important role on the trip 
event diagnosis since 2017. The 
main function of the PM system is 
to record the relevant information 
while the trip event occurs. The re-
liability and availability of the TPS 
operation improved significantly 
with the help of PM system. In the 
past few months, more functions 
were added to enable the com-
pleteness of the PM system. The 
MATLAB-based PM viewer and 
web-based viewer were devel-
oped for the fast identification 
of the trip source. More useful 
information including the user’ 
feedbacks and an improved viewer 
interface will be implemented into 
the PM system in the next. With 
the help of the TPS PM system, a 
highly reliable TPS operation could 
be expected in the near future. 
(Reported by Chun-Yi Wu)

This report features the project 
developed by Chun-Yi Wu, Chih-Yu 
Liao and Pei-Chen Chiu.

Fig. 6:  The horizontal (left panel) and vertical (right panel) beam positions of the BPMs 
from #58 to #88 are shown by different colors for the first 10,000 turns while the 
trip event occurred.

Fig. 7:  (a) Four sequential trip events occurs 
within one day from 2017/11/21. (b) 
Four transient spikes occurred on SD125 
ahead of four trip events accordingly. (c) 
Two transient spikes happened on HC125 
ahead of first and fourth trip events.

Fig. 8: The webpage of the TPS post-mortem (beam trip) report system shown by the IE web browser.

(a)

(b)

(c)
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Fig. 1:  The first XANES spectrum at the Cu K-edge recorded 
from beamline TPS 23A

X-ray Nanoprobe Investigation Toward the Nano 
World

T he X-ray nanoprobe (XNP) beamline at 
Taiwan Photon Source (TPS) is designed 

to utilize fully the brilliant TPS light source for 
the purpose of resolving the atomic, chemical 
and electronic structures of – but not limited 
to – semiconductor-based nano-devices, in 
tomographic and nondestructive manners with 
spatial resolution 40 nm, and even less than 10 
nm with coherent X-ray techniques. 

With innovative X-ray nano-focusing optics, 
this beamline provides X-ray probes, such as 
X-ray absorption spectra, X-ray imaging and 
X-ray diffraction, simultaneously correlative 
with techniques other than X-ray such as a 
scanning electron microscope (SEM) and pho-
toluminescence (PL), with temporal resolution 20 
ps, with an environment in situ and in operando at a 
temperature as low as 10 K.

The commissioning of the beamline began in Febru-
ary 2017, directly following the green light of radia-
tion-security inspection. The first monochromatic syn-
chrotron X-ray passed through the entire beamline on 
March 16. The first XANES Cu K-edge spectrum (Fig. 
1) was recorded the next day. The monochromatic 
photon-flux spectrum generated with undulator 
IU22 was measured, and elegantly fit both the design 
value and a simulation spectrum based on a measure-
ment of the magnetic fields of the undulator (Fig. 2).

The challenge of the beamline commissioning ad-
dressed the performance of a pair of elliptically 
shaped nested Montel mirrors. In contrast to the 
sequential Kirkpatrick-Baez (KB) optics, in the Montel 
optics the two mirrors are nested side by side. The 
focal spot is formed from two sequential reflections 
from each mirror. The numerical aperture is thus 
increased, theoretically by a factor 2½, resulting in 
a smaller diffraction-limited focus according to the 
same factor.

A mirror holder with ten degrees of freedom is de-
signed to align the nested Montel mirrors with great 
accuracy (1.0–0.01 mrad). The instability of the holder 
was monitored in real time with three-axis laser inter-
ferometers and positional sensitivity 0.5 nm. The focal 
spot was monitored in situ with a downstream zone 
plate (outermost zone width 50 nm) to image directly 
the focal spot at a downstream CCD detector. A 200-
nm focal spot was obtained directly after the installa-
tion of the Montel mirrors, followed by a 100-nm spot 
after installing an additional degree of movement 
of the mirror holder. During the summer shutdown 
this holder was subject to significant rebuilding to 
suppress further the ground vibrational resonance 
coupled to the holder. A symmetric 50-nm focus was 
eventually realized on applying scanning on the fly to 
a gold spoke (thickness 100 nm) pattern (Fig. 3). 

For the sake of commissioning, X-ray fluorescence 
(XRF) and X-ray excited optical luminescence (XEOL) 
were measured for ZnO microrods of hexagonal 
shape (Figs. 4(a) and 4(b)). The simultaneous map-
ping of the Zn Kα fluorescence and the XEOL images 

Fig. 2:  Measured undulator spectrum at gap 7 mm; the photon flux 
measured 4.7 х 1014 s-1 per 0.1% bw at 9.11 keV.
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at the near band edge (NBE) of a 
ZnO microrod provides a spatial 
correlation between the light 
emission and the elemental distri-
bution along the rod. A Fabry-Per-
ot-like interference pattern was 
found at the defect band from the 
ZnO XEOL spectrum (Fig. 4(c)). 
For comparison, the cathodolumi-
nescence (CL) imaging of the ZnO 
wires was performed, using an 
electron beam from a built-in SEM 
as the exciting source (Fig. 4(d)).

The X-ray nanoprobe (XNP) 
beamline at TPS has produced the 
preliminary commissioning results. 
X-rays of energy 12.8 keV have 
been focused to 50 nm on adapt-
ing innovative nested Montel mir-
ror pairs. The X-ray fluorescence 
(XRF) and X-ray excited optical 
luminescence (XEOL) mappings 
on hexagonal shape ZnO wires 
were recorded. More challenging 
tasks are under planning for the 
year to come. (Reported by Mau-
Tsu Tang)

Fig. 4:   (a) XRF and (b) XEOL mappings of a ZnO wire were recorded simultaneously at 
TPS 23A. The spatial correlation between the light emission and the elemental 
distribution along the wire is visibly resolved. (c) At several particular angles of 
incidence, the XEOL spectra exhibit Fabry-Perot-like interference patterns at the 
defect band. (d) The electron beam from a built-in SEM served as the exciting 
source for cathodoluminescence (CL) imaging of the ZnO wire.

TPS 23A is designed to nondestructively probe and resolve the atomic, chemical, and 
electronic structures of semiconductor  based devices, with spatial resolutions of tens 
of nanometers in tornographic and coherent modes.

Fig. 3: 
A gold spoke pattern with 
inner line width finer than 50 
nm is well resolved. 

(a)

(c) (d)

(b)
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Fig. 1: Layout of the soft-X-ray tomography beamline and end 
station

Development of Soft-X-ray Tomography for  
Biomedical Research

T he soft-X-ray tomography (SXT) beamline is the 
first beamline in the second phase of construction 

of Taiwan Photon Source (TPS). This beamline, cover-
ing the energy range of 200–3,000 eV, is dedicated 
to a transmission full-field microscope to image 3D 
frozen-hydrated whole cells and tissue. Based on the 
organic composition of subcellular constituents, the 
energy in the water window, which is between the 
K-edge absorptions of carbon (284 eV) and oxygen 
(543 eV), can derive a high-absorption natural con-
trast of a biological sample from the water environ-
ment without staining. The depth of penetration of a 
biological specimen in the energy range of the water 
window is about 10 µm, which indicates that a native 
3D cell can be imaged directly without sectioning.1,2 
To increase the probing depth, we can increase the 
X-ray energy to 3,000 eV. Another window of energy 
range 2,000–3,000 eV is consequently designed for 
the phase contrast of a biological sample. High ener-
gies can expand the depth of the focus and allow im-
aging of the tissue sample of thickness up to 50 µm. 

Located at TPS port 24, the SXT beamline adopted 
a horizontal acceptance 1.2 mrad from the bend-
ing-magnet source. The photon beam from this 
source is collected with a pair of Kirkpatrick-Baez 
(KB) mirrors – a horizontal focusing mirror (HFM) and 
a vertical focusing mirror (VFM), to focus the beam 
horizontally on the position of the exit slit and verti-
cally on the position of the entrance slit. To meet the 

demand for an endstation of full-field transmission 
soft-X-ray tomography, the optics of a plane-grating 
monochromator with varied line spacing (VLS PGM) 
has been adopted to provide a virtual source with a 
fixed position for a condenser in a X-ray microscope.3 
Three gratings are planned to cover the entire energy 
range, 200–3,000 eV. The last mirror, a vertical refo-
cusing mirror (VRFM), refocuses the photons from 
a virtual image of the VLS PGM onto the position of 
the exit slit. Figure 1 displays a basic concept of the 
beamline and microscope. Figure 2 shows a photo-
graph of the HFM and VFM that are located upstream 
of the beamline at 26 m and 28 m from the source, 
respectively. The photon flux at 520 eV is about 
2.82 x 1011 photons s-1. The microscope is designed 
with a combination of a capillary condenser and an 
objective Fresnel zone plate as the object lens.2 The 
light from the virtual source at the exit-slit position is 
collected and focused with a capillary condenser (CC) 
on the sample position. The light transmitted from 
the sample is refocused with a zone plate (ZP) onto 
the position of a charge-coupled device (CCD). This 
microscope is designed to include a low-energy re-
gion, 200–1,200 eV, and a high-energy region, 1,200–
3,000 eV. The microscope in the low-energy region 
can observe a 3D structure of nearly native cells; the 
magnification of an image is 1400 for energy in the 
water window. The microscope in the high-energy 
region can observe the 3D tissue structure; the mag-
nification of image is 500 for energy 3,000 eV. Two 
objective zone plates with widths 25 and 40 nm of 
the outermost zone are provided. A spatial resolution 
15–30 nm is expected to be achieved for 2D imaging 
and 50 nm routinely for 3D tomography. SXT can fill 
the gap between a fluorescence microscope and an 

Fig. 2: HFM and VFM chambers
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electron microscope in biological investigations. As 
the location of functional proteins in a cell cannot be 
identified directly from SXT images, it is important to 
have a fluorescence microscope to complement SXT 
to image a cell in a region of interest.4-6 Herein, we 
adopted a high-resolution fluorescence structured- il-
lumination microscope (SIM) that is correlated online 
with the SXT to derive from a biological specimen the 
desired structural and functional information. The 
light path of the fluorescence SIM is 70º off the beam 
of the SXT. Figure 3 shows a photograph of a cor-
relation of SXT and fluorescence SIM; that correlative 
system is inside the vacuum chamber. To prevent radi-
ation damage, a sample and its environment should 
be kept under cryogenic conditions, for which reason 
samples must be prepared by quick freezing using 
either a plunge freezer or a high-pressure freezer to 
avoid the formation of ice crystals. Some biomedical 
subjects can be implemented, including an investi-
gation of molecular events within cells, changes in 
cellular architecture, interaction or communication 
between cells, interaction between host and microor-
ganisms, and structural changes of tissue. The con-

struction of the beamline and end station in energy 
range 200–1,200 eV is complete; the commissioning 
began from the end of 2017. (Reported by Lee-Jene 
Lai ) 
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Fig. 3: Fluorescence SIM correlation with SXT inside the SXT chamber

The Installation of the Instrument for Bragg Coher-
ent Diffraction Imaging 

A real-space image is more interesting than a 
one-dimensional reduction scattering profile with 

a model fitting curve. However, the resolution of the 
image is subject to the optics for the traditional X-ray 
microscopies. The lensless imaging technique, coher-
ent X-ray diffraction imaging (CXDI), can overcome 
the resolution limit affected by the optics, but its de-
velopment is limited by the coherent X-ray beam qual-

ity. The implementation of coherent X-ray scattering 
techniques has been initiated since high brightness 
synchrotron sources started producing highly coher-
ent X-ray beams. The Coherent X-ray Scattering (CXS) 
Beamline, TPS 25A, is one of the dedicated beamlines 
designed for the coherent X-ray scattering experi-
ments and it has been opened to users. In traditional 
microscopies, the optics is used to obtain the images. 
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Therefore the resolution corresponds to the quality of 
the optics. The high resolution imaging techniques to 
reveal the fine details of the microstructure are widely 
applied in physics, chemistry, or biology. Currently the 
spatial resolution achieved in the X-ray microscopies 
is around 10 nm,1 and there is room for improving the 
diffraction limit. Because of the technical limitation of 
optics manufacturing, CXDI is one of the alternative 
methods to extend the resolution beyond the dif-
fraction limit. Different from the traditional imaging 
techniques, CXDI uses the phase retrieval algorithm 
to reconstruct the real-space image of an object from 
its coherent X-ray scattering pattern in the recipro-
cal space.2 The resolution of the real-space image 
depends on the quality of the coherent scattering 
pattern collected from the experiments. To cope 
with different samples and experimental conditions, 
CXDI can also be performed in both transmission and 
reflection geometries. There are some other transfor-
mations and extensions of CXDI such as Fresnel CXDI, 
Bragg CXDI, plane-wave CXDI and psychographic 
CXDI.3-5

Bragg CXDI is a promising tool for materials science 
studies. When the nanocrystals are illuminated by 
the coherent X-ray photon beam, the 2D profile of 
the Bragg diffraction peaks are recorded by an area 
detector. Due to the confinement effect the crystal 
could be highly strained in nanoscale. Conventionally 
X-ray diffraction is employed to analyze the strain. 
The result of the Bragg CXDI for the strain analysis 
can provide further information including the ions 
displaced from the reference lattice, which induces 
the phase shift of the diffraction beams. Consequent-
ly the diffraction peak profiles would be varied. The 
coherent diffraction patterns of the strain crystals can 
be treated as a kind of interference pattern. Through 
the phase retrieval algorithm the image of the object 
can be reconstructed from the Bragg CXDI patterns. 
The phase of the reconstructed image implies the 
information of the strains or the ion displacements 
in the crystals. By collecting several Bragg reflections 
of the nanocrystal, the full strain tensor in the nano-
crystal could also be determined.6 Based on the initial 
plan of the CXS beamline, the beamline design is for 
the experiments in the small q range; nevertheless 
the new demand for the Bragg geometry CXDI of 
the nanocrystal studies is increasing. The function of 
the Bragg CXDI was decided to be added on the CXS 
beamline and the installation has been accomplished. 

The design concept of the instrument for the Bragg 
coherent diffraction imaging on the CXS beamline is 
to have a secondary detection system with a motor-
ized stage for the angular movement. The rotation 
center of the stage is on the focal point of the X-ray 

beam. The small q and the Bragg geometry detec-
tion systems can be operated separated and they 
also can run the experiment simultaneously. The 
frequently-used range for the Bragg CXDI is up to 45 
degree. For the speckle pixel matching, the sample to 
detector distance has to be 2 m. The varied range of 
the sample to detector distance is from 0.5 to 2 m for 
with different experiment setup. As the Fig. 1 shows, 
the upper vacuum pipe is for the Bragg geometry 
detector system. The rotation stage is behind the pipe 
and the additional supporting stage is connected 
with the frame, which holds the vacuum pipe. The de-
tector mounted inside the vacuum pipe for the Bragg 
CXDI is a vacuum compatible Eiger X 1M. The signal 
cables, power cable and cooling water tubes are con-
nected via the customized feedthrough. The angular 
range for the detector is from 0 to around 40 degree. 
Figure 2 shows the two cone-shaped pipes centered 
to the sample position and the focal position. Both of 
the two entrance windows of the pipes are SiN thin 
films of 1 µm in thickness and the diameter is 10 mm. 

The CXS beamline has extended the function of the 
Bragg CXDI, which can benefit the studies in mate-
rials science. Currently the CXDI and ptychrography 
are already opened to users at TPS 25A. For the strain 
and nano-crystal studies the Bragg CXDI is finished 
the installation and under commission. The detec-
tor, vacuum, and the mechanism of the stages have 
gone through the final examination. In early 2018 
the Bragg CXDI practice of the standard sample will 
be performed. For the innovative nano-material and 
composite material the CXDI or the Bragg CXDI is 
instructive in the microstructure analysis. We hope 
to provide a powerful tool for users to execute ad-
vanced researches. (Reported by Jhih-Min Lin)

Fig. 1: HFM and VFM chambersThe rear view of the detection 
systems of Bragg geometry and the small q range. The 
upper vacuum pipe is for the Bragg CXDI.
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Fig. 2: Both the Bragg grommetry and small q range detection 
systems are centered to the sample.

A Projection and Transmission X-ray Microscope 

X -ray imaging was the first application of X-rays 
one hundred years ago. With a third-generation 

synchrotron source, the X-ray imaging capability is 
greatly improved through advanced techniques of 
acquisition, detection and data analysis.   

High-resolution X-ray imaging (direct) is currently 
able to attain a spatial resolution 30 nm or less.1-3 For 
high-speed X-ray imaging, the temporal resolution 
can be as great as several tens of microseconds;4 the 
resolution in tomography can be as great as 10 Hz.5,6 
For a projection microscope, the phase contrast can 
be obtained with a grating interferometer7 or be 
propagation-based,8,9 and a method with one single 
shot has been proposed.10 In a transmission X-ray mi-
croscope, the general approach to obtain the phase 
contrast is Zernike’s phase contrast,11 and is propaga-
tion-based.12     

For a material analysis, an X-ray absorption spectrum 
(XAS) is a widely used method involving scanning 
the energy near the absorption edge of a specific 
element. A Si(111) double-crystal monochroma-
tor provides high resolution, whereas a multi-layer 
monochromator is applied for an application with 
greater flux.  

A transmission X-ray microscope (TXM) was installed 
in TLS 01B in 2004. Its greatest optical resolution is 
better than 30 nm in 2D (third order) and better than 
60 nm (first order), and is near 60 nm in 3D.2 This 
microscope is equipped for phase contrast with both 

Zernike phase contrast and propagation-based.12 This 
instrument was the first TXM to use a capillary as a 
condenser; this design provides about ten times the 
intensity of the traditional type that uses a zone plate 
as a condenser. After that development in NSRRC, 
SSRL, APS, BNL and many other facilities adopted this 
concept to produce a new type of TXM. As this TXM 
was the first of this new type, some functions were 
not considered at the time that it was built, such as 
a capability to record an X-ray absorption spectrum 
(XAS). As that old type of TXM limited the sample size 
to about 15 mm, we plan to build a new endstation 
that accommodates a projection X-ray microscope 
(PXM) and a TXM at the same beamline. 

The PXM provides a direct image, which means 
that no optical component intervenes between the 
source, sample and detector. The source can be a par-
allel beam or a focused beam. In our new setup for 
TPS 31A, we use a parallel beam in order to maximize 
the photon energy and flux.  

Beamline Design       
TPS 31A wiggler W100 is chosen for the PXM and 
TXM beamline, because its flux is about 100 times as 
great as that from a bending magnet at photon ener-
gy 50 keV. The PXM beamline is designed for energy 
range 5–50 keV. The brilliance is 4.9 × 1017 to 5.8 × 
1016 photons s-1 mrad-2 mm-2 per 0.1 % BW per 0.5A; 
the photon flux is 2.6 × 1014 to 8.9 × 1012 photons s-1 
mrad-1 per 0.1 % BW per 0.5A-1 for energy range 5–50 
keV. 
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Fig. 1: Optical layout of the TPS 31A PXM/TXM beamline. (a) PXM in white-light mode; (b) PXM in double-multilayer monochro-
mator (DMM) mode; (c) PXM in double-crystal monochromator (DCM) mode; (d) TXM in double-crystal monochromator 
(DCM) mode.

The optical layout of the TPS 31A PXM/TXM beam-
line is shown in Fig. 1. Endstation PXM (ES PXM) is 
designed for a projection microscope (PXM) and a 
transmission X-ray microscope TXM (ES TXM). The 
fan of horizontal radiation of this beamline is 1.5 
mrad. After the front-end section located inside the 
radiation-shielding wall, the photon beam becomes 
defined with a water-cooled aperture and passes 
through a Be filter (thickness 600 μm), which removes 
low-energy photons and decreases the radiant pow-
er. One Be window (thickness 250 μm) is located 
between the Be filter chamber and the DCM chamber 
to protect the UHV upstream of the DCM. The other 
Be window (thickness 250 μm) is located at the end 
of the beamline chamber to separate the UHV section 
from the endstation at atmospheric pressure. 

This beamline is designed with four operating modes, 
described as follows. (1) In a PXM with white light 
mode, the layout is shown as in Fig. 1(a). In addi-
tion to the optical components mentioned above, 
we added a two-slit system to define the beam size 
and to monitor the beam position. (2) In a PXM with 
double-multilayer monochromator (DMM) mode, 

the layout is illustrated as in Fig. 1(b). A DCM/DMM, 
with double Si(111) crystals and double Mo-B4C/Si 
multilayers cooled with liquid nitrogen, is located 29 
m from the source. Operating in the DMM mode, we 
adopt double Mo-B4C/Si multilayers to select a mono-
chromatized beam with energy resolution  about       
1% over energy range 5–30 keV. (3) In a PXM with 
double-crystal monochromator (DCM) mode (Fig. 
1(c)), a tangential cylindrical vertical collimating 
mirror (VCM) with water cooling is located 25 m from 
the source to form a parallel beam for a double-crys-
tal monochromator (DCM). Operating in the PXM 
DCM mode, we chose double Si(111) crystals to select 
the monochromatized beam with energy resolution            
= 1.37 × 10-4 to 2.5 × 10-4 over energy range 5–30 keV. 
(4) In a TXM with a double-crystal monochromator 
(DCM) mode (Fig. 1(d)), in addition to the VCM and 
DCM mentioned in (3) for the PXM with DCM mode, 
we added one horizontal focusing mirror (HFM) 
located 32 m and one vertical focusing mirror located 
44.5 m for spatial resolution 30 nm as a transmission 
X-ray microscope  (TXM). The flux of each mode is 
shown in Fig 2.

(a)

(c)

(d)

(b)
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Design of the endstation
This endstation can be divided into three main parts – the projection 
X-ray microscope (PXM) module, the transmission X-ray microscope 
module and the detector module, as shown in Fig. 3. 

(1) TXM module. This transmission X-ray microscope is based on a 
zone plate with a capillary as the condenser. The designed energy 
range is 5–12 keV according to the best optical efficiency of a zone 
plate. This microscope, designed with resolution better than 30 nm, 

Fig. 2: Photon flux of the TPS 31A PXM/TXM beamline at the sample position

Fig. 3: TXM consisting of three main parts – TXM module, PXM 
module and detector module.

Fig. 5: The conceptually design of the PXM module.Fig. 4: Conceptual design of the TXM module.

has a working distance larger than 3 
cm at energy 5 keV. The distance from 
the zone plate to the detector is from 
1 m to 4.6 m. The structure of the TXM 
module is illustrated in Fig. 4 below. 
The TXM consists of a stop, condenser, 
sample stage, zone-plate stage and a 
phase ring. A pinhole can be placed 
between the condenser and a sample 
stage if the direct beam is not com-
pletely blocked.

(2) In the projection X-ray microscope 
(PXM) module, this PXM is aimed for 
direct projection, with no optics in this 
module; the resolution depends main-
ly on the resolution of a scintillator, 
which is introduced in the detector 
module. The PXM module consists of a 
high-speed air-bearing rotation stage, 
and two linear stages. The rotation 
stage will have a three-axis positioner 
for adjustment of the sample position. 
A drawing of the conceptual design 
appears in Fig. 5.

(3) The detector module consists main-
ly of a three-axis stage, a high-speed 

area detector and optical objectives, which are for 5×, 
10×, 20× and 100×.  Its use is planned for both TXM 
and PXM modules. For TXM, a 20× objective serves 
for X-ray magnification about 50×, which is 1000× 
for a detector pixel size about 10 μm. The effective 
pixel size is about 10 nm, which provides sufficient 
over-sampling for a system of resolution 30 nm. For a 
PXM system, the optical objective can be from 100× 
for the greatest resolution, which is limited to about 
0.5 μm by the scintillator, or another magnification 
can be selected for a large field of view (FOV). The 
structure of the detector module is depicted in Fig. 6.

TPS
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The limiting bottleneck of the schedule of this beam-
line is mainly the source – wiggler W100, which will 
be installed in TPS about the third quarter of 2020. 
The beamline will be completed then, but about two 
and half years from the present. For this reason, we 
continue to use the beamline of SP8 12B2 to test 
new instruments and samples. The outlook of the 
stage is shown in Fig. 7. 

In the past year, we have finished the report about 
the conceptual design (CDR) of the beamline, and 
sent it to members of the international committee for 
review. We have also finished the procurement of the 
key components of the PXM system, which was par-
tially assembled and tested and which will be shipped 
to SPring-8 in the third quarter in 2018.  (Reported by 
Gung-Chian Yin)
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Time and Spatially Resolved X-ray Absorption 
Spectroscopy Beamine at TPS 

S ince the first X-ray absorption spectrum (Ag, Br 
K-edge) was observed in 1913, X-ray absorption 

spectroscopy (XAS) has become a powerful tool for 
scientific research.1 In particular, the construction of 
synchrotron light source facilities has led to tremen-
dous growth in this technology. Because of the ease 
of measurements, elemental selectivity, and sample 
friendliness (thin film, powder and solution, etc.), this 
technique covers a wide range of different scientific 
fields including the molecular and condensed matter 
physics, materials sciences, engineering, chemistry, 
environmental sciences, earth sciences, and biology. 
The user group of X-ray absorption spectroscopy has 
therefore grown into a large user base of synchro-
tron radiation research facilities. Recently, the short 
lived intermediate state of chemical reaction has 
been attracted scholarly attention. The synchrotron 
light source facilities in the world such as SLS2, ESRF3,4 
and NSLS II developed time-resolved beamlines to 
provide the capability of time-resolution for in-situ 

measurements. NSRRC constructs a new beamline, 
TPS 44A, to provide time-resolved technique to users 
groups. TPS 44A a new generation quick-scanning 
is equipped with monochromator (Q-mono) which 
allows users to collect an extended X-ray absorption 
fine structure spectroscopy in ten milliseconds. It can 
effectively observe a change in the materials structure 
with this time scale, such as the influence of catalyst 
on the reaction process, the behavior of plants ab-
sorbing nutrients or metals from the soil. Moreover, 
the behavior of physical, electrical, magnetic and 
optical properties with the external environment can 
be resolved. Quick-scanning experimental technology 
greatly shortens the experimental time and allows 
new research topics to be developed.

TPS 44A uses bending magnet as a photon source 
with a magnetic field of 1.19 T and a critical photon 
energy of 7.12 keV. The optical design is a fairly con-
ventional two stage focal condition with a collimat-

Fig.1:  (a) Collimating mirror, (b) toroidal focusing mirror, (c) experiment station, and (d) quick-scanning monochromator of  
TPS 44A.

(a)

(c)

(b)

(d)
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Soft X-ray Spectroscopy at TPS

T he Taiwan Photon Source 
is presently commissioning 

the NSRRC-MPI sub-micron soft 
X-ray spectroscopy beamline TPS 
45A for carrying out ultra-high 
resolution angle-resolved photo-
emission spectroscopy (ARPES), 
X-ray magnetic circular dichroism 
(XMCD), resonant X-ray emission 
spectroscopy (RXES) and X-ray 
excited optical luminescence 
(XEOL). 

The beamline is a new Drag-
on-type soft X-ray beamline to 
facilitate sub-micron spectrosco-
py experiments with ultra-high 
energy resolution. The beamline 
uses an elliptically polarized un-
dulator with a 46 mm magnet 
period (EPU46) and can provide 
photon energies in the range of 

280–1500 eV with horizontal and 
vertical linear polarization, as well 
as left and right circular polariza-
tion. The active vertical focusing 
mirror (VFM) and the active grat-
ing monochromator (AGM) utilize 
a novel 25-actuator bender devel-
oped for ultra-high resolution soft 
X-ray spectroscopies.  The AGM 
design is an upgraded version of 
the AGM installed at beamline 
TLS 05A.1 The new version is ex-
actly the same as that operational 
at the TPS 41A and is working 
well. From long tracing profiler 
(LTP) measurements, it has been 
verified that the surface slope 
error can be reduced down to 
0.06 mrad full-width-root-mean-
square (FWRMS) by the bender. A 
ray-tracing simulation has shown 
that an energy resolution of 5 meV 

ing mirror (CM) and toroidal focusing mirror (TFM) at 
the 2:1 focusing condition. There are three coating 
on CM and two independent bendable toroidal 
mirror on TFM for different photon energy region, as 
shown in Figs. 1(a) and 1(b). The Q-mono is the key 
component of this beamline; it is based on a Huber 
goniometer along with a quick scanning torque mo-
tor. It is equipped with a channel-cut crystal Si(111) 
to cover the accessible X-ray energy range (4.5–34 
keV), shown in Fig. 1(d). The acquisition rates can 
extend up to a hundred spectra per second, reaching 
a time resolution of ten milliseconds.2 The first end-
station is designed as multi-sample setting for XAS 
measurements. There is a high harmonic rejection 
mirror mounded at the front of experiment station to 
minimize the contamination from high energy pho-
tons. The experiment station is equipped with several 
gridded ionization chamber and fluorescence detec-
tor to collect data in transmission and fluorescence 
mode, as Fig. 1(c) shows. This station also provides a 
variety of equipment for sample environment includ-
ing cryostat, cryostream, gas/liquid flowing, electro-
chemistry, heating and so on for different scientific 
topic of in-situ and/or in-operendo measurements. In 
addition, a set of K-B mirrors are used to refocus the 
beam down to 5 μm (H) × 5μm (V) in full width at half 

maximum at the second sample position for micro-
probe experiments. 

TPS 44A provides both time and spatial resolution of 
milliseconds and micrometers to the XAS user groups 
for research in a variety of fields. The experiments 
conducted bring new opportunities for scientific 
research to the academic community in Taiwan and 
has become an important facility for the study of 
basic sciences and various industrial applications. 
(Reported by Chih-Wen Pao) 
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can be achieved at 750 eV pho-
ton energy by using a 1200 l/mm 
varied-line-spacing flat grating 
mounted on the bender, and the 
beam spot size at the sample 
position can reach 0.5 μm in the 
horizontal direction and 0.4 μm 
in the vertical direction. A photo-
graph of the beamline is shown 
below in Fig. 1. 

The commissioning of the TPS 
45A started in the third week 
of Nov, 2018 with the first light 
entering the hutch on 21st, Nov. 
Due to the high heat load on the 
front end optical elements, pre-
liminary experiments have been 
carried out to check the beam size 
and energy resolution with a front 
end acceptance of 50 µrad × 50 
µrad compared to a central cone 
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Fig. 1: Photograph of the beamline TPS 45A.

Fig. 2: Vertical beam size measured using a knife-edge.

Fig. 3: The Ni L-edge X-ray absorption spectrum of NiO 
measured at TPS 45A.

full acceptance of 120 µrad × 120 µrad. Experiments 
were carried out at a typical photon energy set to 
~850 eV. The horizontal focusing mirror was adjusted 
to obtain a horizontal focus of ~50 µm while the ver-
tical focusing mirror was adjusted to obtain a vertical 
focus of less than 2 µm (Fig. 2).

Using the above obtained conditions, the Ni L3 and 
L2-edge X-ray absorption spectrum of  NiO was mea-
sured and it matched nicely with the well-known 
spectrum of NiO (Fig. 3).2 

We then carried out photoemission experiments 
because the energy resolution is best determined by 
the Fermi edge of a clean gold spectrum measured at 
low temperature.

After initial measurements of the Au 4f core level 
spectrum, the valence band of gold was measured to 
confirm the cleanliness of the gold sample. This was 
followed by low-temperature (T = 20 K ) measure-
ments of the Fermi edge of gold.  Just before the end 
of the cycle on the 15th, Dec, 2018, we achieved a pho-
toemission spectrum of the gold Fermi edge with an 
energy resolution of ∆E = 25 meV at a kinetic energy 
of E ~845 eV. This corresponds to an energy resolving 
power E/∆E of 33,800. These results for the total en-
ergy resolution are comparable to the best soft X-ray 

photoemission measurements in the world today.

The above results were obtained with a preliminary 
tuning of the active grating monochromator. After 
the long shutdown, further experiments have been 
planned to measure the photon flux and optimize 
the active grating monochromator to increase the 
photon flux and improve the energy resolution to the 
target E/∆E of ~50000 in the first half of 2018. The 
Max-Planck Institute endstation (Fig. 5) installed on 
branch A has capabilities to carry out molecular beam 
epitaxy thin film growth, thus facilitating ARPES mea-
surements on in-situ grown films. 

Based on the encouraging preliminary results of the 
high energy resolution achieved, it is envisaged that 
ultra-high resolution band dispersions and Fermi sur-
face mapping using soft X-ray ARPES measurements 
on a variety of topical materials in thin film and bulk 
crystal forms can be actively pursued at TPS 45A. Fur-
thermore, the Tamkang University endstation (Fig. 6) 
installed on branch B has capabilities for X-ray emis-



Facility Status

A
CTIV

ITY
 REPO

RT  2017

097

Fig. 4: The Fermi edge of gold measured at TPS 45 A.

Fig. 5: The Max Planck Institute endstation installed on branch 
A of TPS 45A.

Fig. 6: The Tamkang University endstation installed at TPS 45A.

sion spectroscopy, X-ray magnetic circular dichroism 
and X-ray excited optical luminescence studies. The 
scientific topics which can be fruitfully investigated 
at TPS 45A by the users’ group include topological 
insulators, carbon-based nanomaterials, photovol-
taic materials, transition metal and rare-earth-based 
strongly correlated electron systems, magnetic ma-
terials, oxide multilayers, etc.  We look forward to a 
successful commissioning of the TPS 45A beamline 
and end-stations in the next few months.

References : 
1 H. S. Fung, C. T. Chen, L. J. Huang, C. H. Chang, S. 

C. Chuang, D. J. Wang, T. C. Tseng, and K. L. Tsang, 
AIP Conf. Proc. 705, 655 (2004).

2 D. Alders, L. H. Tjeng, F. C. Voogt, T. Hibma, G. A. 
Sawatzky, C. T. Chen, J. Vogel, M. Sacchi, and S. 
Iacobucci, Phys. Rev. B 57, 11623 (1998).
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SIKA: Opportunities for Low-Energy Excitations  
Using Neutrons

The triple-axis spectrometer has been used by neu-
tron scatters to study many areas of condensed mat-
ter physics for decades. A triple-axis spectrometer 
has the capability to investigate physical phenomena 
with high energy and momentum resolution with 
using cold neutrons. Currently time-of-flight spec-
trometry is advanced at spallation neutron sources, 
while the cold triple-axis spectrometer still has ad-
vantages of scanning S(Q, ω) space at each reciprocal 
point, measuring critical scattering, and availability of 
a number of sample environments.   

Basic Components
The layout of a typical triple axis spectrometer is 
shown in Fig.1. Table 1 shows the basic components 
of the cold triple axis spectrometer SIKA. One of 
the advantages of SIKA is a wide dance floor 55 m2 
allowing us to choose incident energies Ei = 2.6–25 
meV. The neutron flux at the sample position is mea-
sured to be 1 × 108 n/cm2s at λ = 2.1 Å. The analyzer 
drum hosts a 3He Single Detector for two-axis mode 
(diffraction detector, DD), a 3He Single Detector for 
triple-axis mode (single detector, SD), and a Position 

Sensitive Detector (PSD). The collimators are available 
for requirement of users as shown in Table 1. The 
accessible ranges of momentum and energy transfer 
on SIKA with these components are shown in Fig.2. 
Energy resolutions estimated by Vanadium are also 
shown in Table 2. Both PG filter (Ei > 5 meV) and Be 
filter (Ei < 5 meV) are available on SIKA. Our cold triple 
axis spectrometer SIKA has very big advantage of 
studying condensed matter physic below 5 meV with 
high energy resolution such as below dE < 0.1 meV 
compared to typical thermal triple axis spectrometers.   

Sample Environment 
The list of sample environment available on SIKA is 
provided in Table 3. The demands for dilution insert 

Angular range
28.4 degrees < 2θM < 120 degrees
-100 degrees < 2θS < 100 degrees
-90 degrees < 2θA < 90 degrees
Monochromator
Pyrolytic graphite (002)
Flat, vertical, horizontal, and double focusing
Ei range: 2.43–30 meV
Filters
PG filters (2 cm, 3 cm, 2 + 3 cm = 5 cm)
Cooled Be filter
Flux at sample position
1 × 108 n/cm2s (at λ = 2.1 Å)
Detectors
3He Single Detector for diffraction and inelastic
1D position sensitive detector (PSD)
Collimators
Pre-monochromator (C1): Open, 20’, 40’, 60’
Post-monochromator (C2): Open, 20’, 40’, 60’
Pre-Analyzer (C3): Open, 20’, 40’, 60’
Pre-single detector (C4s): Open, 20’, 40’, 60’
Pre-PSD (C4r): Radial collimators

Collimations - Ei 14.87 8.07 5.11 2.6
20’-20’-20’-20’ 0.448 0.160 0.083 0.024
40’-40’-40-Open 0.778 0.315 0.153 0.035
60’-60’-60’-Open 0.769 0.323 0.146 0.041

Table 1: Components available on SIKA 

Table 2: Energy resolution (meV) with vertical focusing mode   
    with conditions estimated with Vanadium

Fig.1:  Layout of a typical triple axis spectrometer.
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Environment Sample Type Other
CF-4 4–300 K Bottom loading Closed cycle

OC-1
0.5–80 K(1)
1.5–300 K

Top loading ILL- Orange (1)

CF-7 or CF-8 4–750 K Top loading Closed cycle
CF-12 1.5–800 K Top loading Closed cycle (2)

AVM-1
50 mK–80 K
1.5–300 K
0–12 T

Top loading
Vertical magnet
(Oxford)

(3)

(1) OC-1 can be used with the 3He one-shot fridge insert to reach temperatures of 0.5 K to 80 K.
(2) CF-12, if user wants to go above 300 K, sample stick for high temperature should be requested.
(3) In conjunction with the Kelvinox dilution insert DL-1, a base temperature 50 mK can be achieved.
* The above information is available at http://www.ansto.gov.au/ResearchHub/Bragg/Facilities/SampleEnvironments.

(~50 mK) and magnet (vertical up to 12 T) are high.  

Software
The SIKA team has developed the software SI-
KA-SPICE based on the Spectrometer and Instrument 
Control Environment SPICE.1 SIKA-SPICE is built on 
client server architecture so you can control SIKA with 
any one of three computers located at dance floor, in 
the reactor beam hall, or in the SIKA cabin. 

SIKA-client 
The SIKA client was built to control the instrument 
and has two displays. One views the current status 
on SIKA whereby monitor, axes for triple-axis, tem-
peratures, and axes other than triple-axis are easily 
checked whilst controlling SIKA. The second display is 
for commands to control instrument and sample en-
vironment. The command screen will also be used to 
edit scans, macros, sample information (single crystal, 

powder, lattice parameters, compositions, and so on), 
and the UB-matrix for the experiment. The software 
and hardware limits for the instrument are also dis-
played here (Fig. 3). 

SIKA Analysis
SIKA analysis software (Fig. 4) has been developed. It 
is still improving its functionalities, due to comments 
from active and internal users during commissioning 
and the user program. The software allows us to plot 
and normalize data. Users can also compare, manipu-
late, and export scans as text data. 2D plots are useful 
when you are observing dispersion relations in ener-
gy and momentum space. 

Experimental Capability 
The subjects proposed for SIKA are mainly high-
ly-frustrated magnetism, superconductivity, magne-
tism (general, 5d transition-metal, low-dimensional), 
multiferroics, soft matter thin film, etc. 

We will now present you example of scientific capa-
bility of SIKA. Figure 5 shows the magnon dispersion 
of MnF2 has been measured on SIKA. The magnon 
dispersion of MnF2 has been measured on SIKA. 
MnF2 is a classic material for studying spin waves in 
an antiferromagnet described also in textbooks.2 The 
experiment conditions were Ef-fixed with 8.07 meV, 
collimations of 60’(C1)-60’(C2)-60’(C3)-60’(C4) (for 
details, see Table 1). We needed only one minute for 
each point since Mn has a large magnetic moment; 
S = 5/2. The determined exchange parameters are J1 
= 0.031, J2 = 0.153, and D = 0.143 meV by fitting the 
data based on equation (1). 

Table 3: Sample environments normally requested on SIKA. 

Fig.2:  Accessible ranges of the momentum and energy transfer 
of SIKA at various final energies.
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Fig.3:  SIKA client.

Fig.4: SIKA analysis software.
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SIKA and Taiwan team.

Literature says J1 = 0.032, J2 = 0.155, and D = 0.11 meV.3

With s =5/2, z1 (nearest) = 2, and z2 (next nearest) = 8 and when we are scanning along qc.

Future Progress
We are working on several improvements to enhance SIKA capabilities. One is taking advantage of a multiplex-
ing analyzer, co-aligning 13 HOPG analyzer blades being 20 mm wide and 150 mm tall sitting on detector drum. 
With this multi-blade analyzer system, SIKA will have the capability of a RITA-type analyzer instrument.5 A polar-
ized 3He neutron spin filter is under commissioning and will be available on SIKA to perform polarized neutron 
scattering experiments and polarization analysis. We are hoping for more new Taiwanese users in 2018. (Report-
ed by Shinichiro Yano)
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Fig.5: Magnon dispersion of MnF2 single crystal measured with SIKA.
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