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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)



Facility Status 107

(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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