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An Advanced X-ray Scattering / Absorption 
Spectroscopy Beamline for Materials 
Science Research

M
ethodology and Beam

lines HighlightsThe first NSRRC contract beamline 07A leaded by Associated University Team (AUT) started its construction 

in 2006 and expected to be commissioned in early 2009. With the X-rays provided by a 3.1 Tesla in-achromatic 

superconducting wiggler (IASW), the beamline is designed for X-ray scattering and X-ray absorption spectroscopy 

with high spatial and energy resolution, and highly brilliant X-rays in the photon energy ranges of 5 ~ 23 keV, 

aiming for research in materials science. The various sample environments, including the cryostat (2~450 K), electric 

field, and magnetic field (~5 T) extend the feasibility of detection toward extremely non-ambient conditions. Added 

up as another dimension of detection, the micro-focusing capability for X-ray diffraction and X-ray absorption 

spectroscopy is under planning. 
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Recent advances in materials science and condensed 

matter physics have given rise to a number of exciting new 

technologies that can dramatically change many aspects of 

modern life in the near future. For example, spintronics that 

ingeniously makes use of the spin degree of freedom of 

charge carriers and nanoscience that manipulates the quantum 

confinement, entanglement and tunneling effects have 

opened up a new horizon for many possible technological 

applications. On the other hand, newly improved experimental 

equipments and techniques have greatly enhanced the 

capability in preparing and characterizing materials of 

extremely high quality. Investigation of many intriguing 

physical phenomena, such as charge/orbital ordering, 

phase problem in the interaction of photons and matter, 

and correlation between different atoms and itinerant 

charge carriers in semiconductor heterostructures, have 

therefore become feasible with the use of synchrotron 

radiation sources. It has been repeatedly demonstrated that 

synchrotron radiation X-ray techniques can provide many 

unique opportunities for performing crucially important 

experimental works to address the need in both materials 

characterization and fundamental studies for these new 

scientific and technological issues.

Since the delivery of the synchrotron radiation X-ray 

source to the user community in Taiwan, it has effectively 

promoted a great number of fundamental and applied 

researches in the local scientific community, as well as 

many opportunities for international collaboration. The user 

community in Taiwan has also been growing up rapidly, 

especially the users of hard X-ray beamlines. Yet, currently, 

there are only limited beamline and beamtime available 

to the users. Based on such a demand, an associated team 

formed by users from domestic universities and leaded 
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by Prof. Shih-Lin Chang (National Tsing Hua University) 

and Prof. Way-Faung Pong (Tamkang University) applied 

to the NSRRC for the construction of an X-ray scattering/

absorption spectroscopy beamline. After the approval of 

the application, the construction began at the end of 2006, 

and is expected to be completed in the early of 2009. This 

beamline will provide high spatial and energy resolution, 

and highly brilliant X-rays in the photon energies range 5 

~ 23 keV for two primary experiments, namely (1) resonant 

and non-resonant X-ray scattering, and (2) X-ray absorption 

spectroscopy. 

Figure 1 depicts the generic configuration of the be-

amline, in which a collimating mirror (CM), a double 

crystal monochromator (DCM), a focusing mirror (FM) 

and a plat mirror (PM) are adopted. In addition, by means 

of a phase plate stationed in the experimental hutch, the 

linear polarized X-rays can be converted to elliptically po-

larized X-rays for the study of ferromagnetism of magnetic 

materials. The polarization analyzer (PA) chamber placed 

on the 2 -arm of the diffractometer can lodge a polarizer 

crystal or analyzer crystal for analyzing the polarization of 

the scattered beams or improving the spatial resolution of 

the scattered beams from the sample. By tuning the incident 

X-ray energy through the absorption edges of elements 

contained in the material, the scattering cross-section can 

be greatly enhanced such that the study of magnetic and 

electronic structures of bulk materials become feasible. 

For those studies under the extreme environments of 

low temperature, high electric and magnetic field, the 

diffractometer will be also equipped with a cryostat (2 to 

450 K) and a superconducting magnet (~ 5 T) (as shown 

in Fig. 2, for example). A pair of Kirkpatrik and Baez mirrors 

stationed in front of the diffractometer, provides several-

microns focusing capability for X-ray diffraction and X-ray 

absorption spectroscopy. While accompanied with precise 

X-Y translational stage and multi-element Si(Li) detector, 

the beamline will provide the very first X-ray micro-probe 

Fig. 1: Schematic of the beamline BL07A. CM: collimating mirror, DCM: double-crystal monochromator. BO: beamline optics including 
a focusing mirror and a flat mirror, PP: phase-plate for converting the polarization of incoming beams, S: sample mounted on an 
8-circle diffractometer, PA: polarizer or analyzer for analyzing the polarization or spatial resolution of scattered beams from the 
sample, Det: detector.

Fig. 2: (a) A view of the superconducting magnet which can produce a field strength of about 5 T at the center of the magnet. With 
different orientations of the set-up, the magnet can provide the vertical (b) and transverse (c) fields to the X-rays for measurements. 
An additional cryostat can be mounted on the diffractometer and provide a low temperature environment from 2 to 450 K. The 
combination of both systems can provide the sample environments of low temperature, electric field and magnetic field. 
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ability within the facility.  

Unique Features of the Beamline

High spatial resolution

This station will be equipped with a multi-circle 

diffractometer. With the use of Si(111) double crystal 

monochromater (DCM) and a Si(111) analyzing crystal, the 

spatial resolution can be reached as high as 10-4 Å-1, which is 

useful for probing tiny lattice distortion as small as ~0.001 

degree in the real space.

High energy resolution

With the use of a second crystal monochromator 

placed on the optical table in the experimental hutch, the 

energy resolution ( E/E) can reach about several hundreds 

meV. This mode of X-rays can be used to perform scattering 

experiments needing high energy resolution, such as the 

X-ray cavity.

Tunable polarization of incident X-rays

This beamline will provide hard X-rays with linear 

polarization for most experiments.  However, in certain studies 

of magnetism especially the ferromagnetism, circularly 

polarized X-rays are required. For this purpose, a phase plate 

will be placed in front of the diffractometer to convert the 

linearly polarized X-rays into circularly polarized X-rays.

High magnetic field and low temperature

In addition to the regular sample environments, this 

beamline will be equipped with a cryomagnet which 

provides a sample environment of low temperature of 

2 K and high magnetic field of about 5 T for the study of 

magnetic-field-induced phase transition or the magnetism 

of nano-scaled magnetic materials.

Micro-focusing

The Kirkpatrik-Baez mirrors pair will focus the incident 

X-ray narrowing down to several microns. While combined 

with a high precise translational stage and a multi-element 

energy-resolved detector, the beamline will be able to 

conduct micro-probe type experiments for environmental, 

geological and archeological studies. The micro-focusing 

capability will also benefit to, e.g., high pressure diffraction 

where micron focal spot and photon flux density are really 

mattered.  
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