
X-ray Diff raction & Elemental Analysis

A bridge is often used to symbolize a connection or link 

between two places, and thus we felt The Bridge would be 

the perfect name for our eNewsletter, as we hope that it will act 

as a vehicle for the transmission of ideas and information 

between Rigaku and interested readers around the world.

And a bridge is a two-way 

structure, a concept that we 

will keep in mind as we not 

only provide information 

about Rigaku, but also report 

on interesting research and 

the associated laboratories 

around the world, publish 

technical book reviews that 

might help our readers in 

their work, and highlight 

general news topics that 

are of interest to many 

people involved in 

materials analysis.
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Welcome
This month we are highlighting the fi ne work being done at the University of Southampton 

in developing new methodologies for teaching diff raction. Utilizing an electronic notebook 

to both instruct students and to record their results, Dr. Simon Coles and graduate student 

Lucy Mapp have developed a course that teaches powder diff raction and single crystal 

diff raction through a hands-on lab practical.

Rigaku is proud to introduce our new HyPix-3000 semiconductor detector. Based on 

state-of-the-art pixel array detector technology, the HyPix-3000 two-dimensional detector is 

the fi rst in a series of detectors that will be optimized for specifi c diff raction and scattering 

applications. A particularly useful feature is the ability to use the same detector to operate in 

0D, 1D or 2D mode.

For our XRF customers, we are proud to announce our new holderless sample handling 

system for our ZSX Primus WDXRF spectrometer. For samples that are amenable, this new 

option gives our customers a technique that reduces sample preparation time as well as 

allowing increased sample capacity on the deck.

Enjoy the newsletter.



Featured Interview
Cameron Chai from AZoM speaks 

to Joseph Ferrara, VP of the X-Ray 

Research Laboratory at Rigaku, 

about their new nano3DX X-ray 

microscope to fi nd out what it is, 

what it does and to whom it will 

be of use.

Rigaku’s nano3DX is a true X-ray 

microscope (XRM) with the ability 

to measure relatively large samples 

at high resolution. This is accom-

plished by using a high powered 

rotating anode X-ray source and a 

high-resolution CCD imager. The 

rotating anode provides for fast data 

acquisition and the ability to switch 

anode materials easily to optimize 

the data acquisition.

Click here to read the interview
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The world’s most versatile 

home lab diff raction detector

4 Reasons why the HyPix-3000 detector belongs in your research lab

• Ultra-high dynamic range and high sensitivity

• Seamless switching from 2D-TDI (Time Delay and Integration) mode to 2D snapshot 

mode to 1D-TDI mode to 0D mode with a single detector

• XRF suppression by high and low energy discrimination

• High spatial resolution, direct-detection pixel array detector

State of the art detector technology 

Rigaku’s HyPix-3000 is a next-generation two-dimensional semiconductor detector 

designed specifi cally to meet the needs of the home lab diff ractionist. One of the 

HyPix-3000’s unique features is its large active area of approximately 3000 mm2 with a 

small pixel size of 100 μm square, resulting in a detector with high spatial resolution. In 

addition, the HyPix-3000 is a single photon counting X-ray detector with a high count 

rate of greater than 106 cps/pixel, a fast readout speed and essentially no noise.

Featuring a double-threshold (window) 

discriminator, the HyPix-3000 has three readout 

modes that can be selected based on the 

purpose of a measurement. “Diff erential” mode 

can be used to suppress fl uorescence from 

elements in a sample or background derived 

from cosmic rays. “31-bit” mode is used for 

experiments in which a very wide dynamic 

range is needed. “Zero dead time” mode makes 

it possible to perform extremely fast data collection.

The HyPix-3000 was designed for optimal fl exibility; for example, the compact angular 

enclosure was designed to allow excellent high angle accessibility. Compared to the 

design of other types of detectors, the HyPix-3000 is essentially maintenance free. It does 

not require an external cooling device, as required on CCD detectors, or gas exchange 

and anode wire washing, as required on multi-wire detectors.

Figure 1. Schematic view of hybrid 
pixel array detector
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How do you most eff ectively suppress background noise?

Each pixel on the HyPix-3000 detector has dual energy discriminators, which makes it possible to adjust the energy window width by 

setting the energy threshold to “high” and “low”, respectively. The low-energy discriminator can eliminate electrical noise and reduce 

fl uorescence background, and the high-energy discriminator can eliminate cosmic rays and white radiation. As a result, you can 

measure data with an optimized signal-to-noise ratio. Figure 2 shows the X-ray diff raction pattern of a powder sample containing iron 

measured in standard mode (upper) and XRF reduction mode (lower). By using diff erential XRF reduction, it is possible to obtain an 

X-ray diff raction pattern with low background, and thereby improve the ability to detect trace components, even when measuring 

Fe-based compounds with a Cu source.

What is the best way to measure very strong refl ections?

A big advantage of a hybrid pixel array detector is that each pixel is independent and the overall dynamic range of a detector is a sum 

of the dynamic range of each individual pixel. Each pixel of the HyPix-3000 has two 16-bit counters, and these can be combined to work 

as a single 31-bit counter, achieving very wide dynamic range. This means that wide dynamic range measurements can be performed 

without an attenuator, thus removing the error associated with the attenuator factor, as well as optimizing data measurement time. 

Figure 3 shows the high-resolution rocking curve profi les of InGaN/GaN multiple quantum wells (MQW) with the HyPix-3000 (wide 

dynamic range 31-bit mode) and scintillation counter. The profi le obtained in 31-bit mode clearly indicates separated peaks without 

saturation.

How do you obtain data with excellent spatial resolution?

The HyPix-3000 detector’s small pixel size provides outstanding spatial resolution. Figure 4 shows a typical qualitative analysis, which, 

in this example, was done in 2 minutes. In this case, the detector was run in a one dimensional Time Delay and Integration mode 

(1D-TDI mode), which allows continuous movement of the detector during measurement. If you want resolution less than 0.03 degrees 

at full width at half maximum (FWHM), as shown in Figure 5, you can run the detector in 0D mode which requires placing a mechanical 

slit on the face of the detector.

Two-dimensional diff raction 
image of InGaN/GaN MQW

Figure 4. X-ray diff raction pattern of Al2O3 powder

1D-TDI mode measurement 0D mode measurement

Figure 2. X-ray diff raction patterns of iron oxide powder, measured in standard mode and XRF reduction mode

Figure 3. High resolution rocking curve profi les of InGaN/GaN MQW

Figure 5. X-ray diff raction patterns of LaB6 powder



Featured Rigaku 

Journal Article
Integrated X-ray powder 

diff raction software, “PDXL”

Application software development, 

Rigaku Corporation

Due to ongoing improvements in 

X-ray diff ractometers, a modern 

application software package for 

X-ray powder diff raction supports 

a wide variety of applications. It 

includes basic phase identifi cation, 

of course, but also supports quanti-

fi cation by various methods includ-

ing, size and strain analysis, whole 

powder pattern deconvolution 

(WPPD), Rietveld refi nement and 

structure determination of unknown 

crystal structures. Rigaku’s integrated 

X-ray powder diff raction software, 

PDXL, enables one to carry out that 

series of applications step by step 

following a user guidance fl ow bar. 

In this article, the concepts of the 

software with application examples 

are presented.

Click here for full article
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The advanced practical is a newly 

developed program at the University of 

Southampton, which was implemented 

from September 2013. As part of this, a 

2-day experiment was designed for 

third year undergraduate students to 

introduce them to crystallography and 

gain some practical experience rather 

than merely theory-based learning on 

the subject area.

The practical class uses the Rigaku 

benchtop systems – the MiniFlex 600 and 

XtaLAB mini – allowing students access to 

both single crystal and powder X-ray dif-

fraction techniques. These diff ractometers 

are designed with education in mind and, 

hence, are easier for undergraduates to 

operate whilst still obtaining quality data, 

comparable to other instruments.

The students’ experience was spread over 

two days of two consecutive weeks to 

allow a full “start to fi nish’” procedure to be 

observed. Initially the students performed 

a recrystallisation to obtain two diff erent 

polymorphs and then performed a variety 

of analytical techniques, including XRPD 

and SCXRD, to fully characterize and 

identify the diff erent polymorphs. The 

diff ractometers were driven from online 

manuals, which allowed the students a 

more independent experience, being able 

to operate these themselves, with minimal 

input from demonstrators.

Overall, 70 students carried out the 

practical over 10 weeks with all success-

fully completing the experiment, gaining 

experience and confi dence with diff rac-

tion techniques and working up the data 

obtained for full analysis.

For more information about how the 
class was organized please contact 
Dr. Simon Coles, The University of South 
Hampton, S.J.Coles@soton.ac.uk or 
Lucy Mapp, L.Mapp@soton.ac.uk

Customer in the Spotlight
Advanced Practical at the University of Southampton
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Conferences

Rigaku exhibited at the AAPG Con-

ference held in Houston, TX, USA, 

April 6 – 9. The photo above is of 

two satisfi ed MiniFlex 600 users with 

Lori Hatherley of Rigaku. Stephen 

Kazcmarek (right) is an assistant pro-

fessor at Bridgewater State University 

and Brandon Klingensmith (left) is a 

geologist at FTSI in Houston. 

Rigaku will be sponsoring, attending 

or exhibiting at the following confer-

ences and trade shows:

Biomolecular Structure, 

Dynamics & Function: 

Membrane Proteins Mtg

Nashville, TN, USA

May 2

SPIE Defense, Security + Sensing

Baltimore, MD, USA

May 5 – 9

SCSB 18th Structural Bio & 

Molecular Biophysics Symposium

Galveston, TX, USA 

May 17

CPhI South East Asia Jakarta 

International Expo

Jakarta, Indonesia

May 20 – 22

Click here to see the complete list

Scientifi c Book Review
The Perfect Theory. A Century of Geniuses and the Battle over General Relativity
By Pedro G. Ferreira

Hardcover: Houghton Miffl  in Harcourt 2014. 

ISBN 978-0-547-55489-1

The Perfect Theory is described by the 

author as a “biography” of Einstein’s 

theory of general relativity. The book is as 

delightful and entertaining to read as a 

great mystery novel, the kind that keeps 

you up until the wee hours or that you 

have to read twice. The author wants us 

to intuitively understand why Einstein’s 

theory was and continues to be a revolu-

tion in the understanding of gravity and 

the cosmos. Dr. Ferreira also clearly trans-

mits his great passion for and mastery of 

science communication in this book.

The Perfect Theory is a chronological tale, 

beginning in the early twentieth century 

with a description of Albert Einstein’s life 

and the personal and scientifi c infl uences 

on his formulation of general relativity. 

The story details Arthur Eddington’s mea-

surement, during a total eclipse, of the 

bending of light from distant stars by the 

sun’s gravity. That measurement proved 

one of the predictions of Einstein’s theory 

and made spacetime a reality. 

Subsequent chapters interweave general 

relativity with major theoretical develop-

ments and experimental measurements 

in gravity and cosmology of the last and 

current century. Neutron stars, white 

dwarfs, black holes, quasars, pulsars, 

singularities, event horizons, and worm-

holes; all these are characters in the book. 

The many great geniuses of quantum 

physics, astrophysics, and cosmology that 

predicted or measured those phenomena 

are characterized. 

Like a good mystery, every chapter ends 

with a cliff hanger about how a new great 

discovery in astronomy, cosmology or as-

trophysics gave credence to or was incon-

sistent with general relativity. The Perfect 

Theory made this reader excited to learn 

about attempts at unifi cation of gravity 

with other forces and the quantum. On 

the human side, the author makes clear 

how the terrible wars and some of the 

political confl icts of the twentieth century 

infl uenced the lives of physicists working 

on relativity and cosmology.

Time magazine designated Albert 

Einstein as the “person of the century,” the 

twentieth that is. The Perfect Theory will 

give anyone with a deep curiosity about 

nature that has heard all the buzzwords 

like black holes, string theory, M-theory, 

loop quantum gravity, dark matter and 

energy, and infl ation, an appreciation for 

the interrelationship of general relativity 

to all of those. The last few chapters are 

about the limitations of the theory at 

extremes of gravity. The book ends on a 

hopeful note that new technologies and 

instruments may provide actual experi-

ments that lead to an even more perfect 

theory of everything.

Laurie Betts, Innatrix, Inc.    
Carolina KickStart Labs, 
UNC Chapel Hill NC 27599 
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Featured EDXRF

Application Note
Major oxides in fi nished cement

X-ray fl uorescence (XRF) spectros-

copy is a well established technique 

used in cement plants around the 

world. The technique is ideal for 

quality control (QA/QC) throughout 

the cement production process. 

Energy dispersive X-ray fl uorescence 

(EDXRF) spectrometry is a routinely 

employed screening and quality 

control tool employed to ensure 

proper composition of incoming 

feedstocks, raw meal mixture 

balances, addition of gypsum and 

throughout the manufacturing 

process. EDXRF analyzers are also 

commonly deployed as backup in-

struments for WDXRF spectrometers 

used for fi nal QC and certifi cation.

Click here for full application note

March 29, 2014. Daisy Joseph, Scientifi c Offi  cer, Nuclear Physics Division, Bhabha Atomic 

Research Centre (BARC), Mumbai, has underlined the need for in-depth study and use of 

X-ray fl uorescence spectrometry in undergraduate chemistry programs. She noted that 

the XRF elemental analysis technique has immense potential for wider applications in the 

spheres of environmental sciences, chemistry, food and product quality monitoring.

April 4, 2014. The Hawaiian Volcano Observatory (HVO) started a cooperative program, 

with the Geology Department at the University of Hawaii that is designed to share some 

routine responsibilities related to petrologic monitoring of Kilauea, while training and 

educating prospective scientists at the same time. Analyses are performed using an XRF 

instrument at UH-Hilo to detect possible changes in the magma source.

April 4, 2014. Chao Ma and colleagues at the Department of Geoscience, University of 

Wisconsin - Madison used XRF core scanning to develop a new elemental data set for 

cyclostratigraphic investigation of Cenomanian/Turonian strata, including the uppermost 

Lincoln Limestone Member, the Hartland Shale Member, and the Bridge Creek Limestone 

Member.

April 7, 2014. Minotaur Exploration (ASX: MEP) has completed a single 456 metre 

diamond drill hole testing the ‘Bella Vista’ IP anomaly at Catch Dam in South Australia. 

Geological logging of drill core, supplemented by an XRF instrument, indicated the 

presence of persistent but low levels of chalcopyrite and sphalerite.

April 12, 2014. Researchers from Penn State University, led by Prof. Tim Murtha, are 

studing 3,000 years of Mayan cultural evolution in Tikal National Park in Guatemala. They 

employ XRF spectroscopy to reveal each obsidian artifact’s geochemical composition, 

pinpointing elements like rubidium, iron, copper and zinc so as to determine where 

obsidian had originally been mined, which made it possible to map out trade networks.

April 14, 2014. UK National Physical Laboratory (NPL) and Loughborough University 

are setting up a demonstration mobile radiochemistry laboratory that can be driven 

onto a nuclear site. Instrumentation include a high-resolution gamma spectrometer, 

a bench-top scintillation detector, portable radon gas detectors and non-nuclear 

measuring equipment such as balances and X-ray fl uorescence, X-ray diff raction, 

SEM or GC-MS.

April 14, 2014. Work involving a variety of experimental techniques by a group of 

researchers, led by Thomas H. Epps, III, and Millicent Sullivan in the Department of 

Chemical and Biomolecular Engineering at the University of Delaware, has shown 

that routine procedures in handling and processing nanocarrier solutions can have a 

signifi cant infl uence on the size and shape of these miniscule structures.

April 20, 2014. Filipino children that are into art are at risk of exposure to toxic heavy 

chemicals that can damage their brain and development. XRF instrumentation was used 

to screen samples of watercolor sets from three legitimate school supply stores in the 

cities of Makati, Manila and Quezon for heavy metals toxins.

Material Analysis in the News
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The Adventures of Captain Nano
ISOLATION — Dr. F. Furter forgot to consider how he would return after his failed attemp to intervene in nanoland. 

 He makes a curious discovery. 



8

Diff usion-driven precipitate growth and rip-

ening of oxygen precipitates in boron doped 

silicon by dynamical X-ray diff raction. Will, J.; 

Gröschel, A.; Bergmann, C.; Spiecker, E.; Magerl, 

A. Journal of Applied Physics. 4/15/2014, Vol. 115 

Issue 12, p123505-1-123505-8. 8p. 2 Black and 

White Photographs, 5 Charts, 6 Graphs. 

DOI: 10.1063/1.4868586.

Temperature, pressure, and size dependence 

of Pd-H interaction in size selected Pd-Ag and 

Pd-Cu alloy nanoparticles: In-situ X-ray dif-

fraction studies. Sengar, Saurabh K.; Mehta, B. R.; 

Kulriya, P. K. Journal of Applied Physics. 4/1/2014, 

Vol. 115 Issue 11, p114308-1-114308-7. 7p. 1 Black 

and White Photograph, 1 Diagram, 1 Chart, 4 

Graphs. DOI: 10.1063/1.4868903.

Structural and Thermodynamics Properties of 

TiC1− xNx-TiO1−xNx Solid Solutions: X-ray Diff rac-

tion and First-Principles Approaches. Jiang, Bo; 

Ying, Nantao; Wang, Qiuyu; Xiao, Jiusan; Huang, 

Kai; Hou, Jungang; Zhu, Hongmin. Journal of the 

American Ceramic Society. Apr2014, Vol. 97 Issue 

4, p1288-1295. 8p. DOI: 10.1111/jace.12761.

Structure of Na2O–GeO2–P2O5 glasses by X-ray 

and neutron diff raction. Hoppe, U.; Wyckoff , 

N.P.; Brow, R.K.; von Zimmermann, M.; Hannon, 

A.C. Journal of Non-Crystalline Solids. Apr2014, 

Vol. 390, p59-69. 11p. 

DOI: 10.1016/j.jnoncrysol.2014.02.013.

Time-resolved X-ray diff raction studies of 

solidifi cation microstructure evolution in 

welding. Mirihanage, W.U.; Di Michiel, M.; Reiten, 

A.; Arnberg, L.; Dong, H.B.; Mathiesen, R.H. Acta 

Materialia. Apr2014, Vol. 68, p159-168. 10p. 

DOI: 10.1016/j.actamat.2014.01.040.

Thermal expansion behaviour of a versatile 

monazite phase with simulated HLW: A high 

temperature x-ray diff raction study. Asuvath-

raman, R.; Kutty, K.V. Govindan. Thermochimica 

Acta. Apr2014, Vol. 581, p54-61. 8p. 

DOI: 10.1016/j.tca.2014.02.009.

Intrinsic shape analysis of X-ray diff raction 

using Stokes deconvolution. Ebeid, M.R.; Kaid, 

M.A.; Ali, M.G.S. Canadian Journal of Physics. 

Apr2014, Vol. 92 Issue 4, p316-320. 5p. 1 Diagram, 

2 Charts, 8 Graphs. DOI: 10.1139/cjp-2013-0134.

Combined high-energy synchrotron X-ray dif-

fraction and computed tomography to char-

acterize constitutive behavior of silica sand. 

Cil, Mehmet B.; Alshibli, Khalid; Kenesei, Peter; 

Lienert, Ulrich. Nuclear Instruments & Methods 

in Physics Research Section B. Apr2014, Vol. 324, 

p11-16. 6p. DOI: 10.1016/j.nimb.2013.08.043.

Electrodeposition as a Preconcentration and 

Sample Preparation Technique for Trace Sele-

nium and Tellurium Determination by X-Ray 

Fluorescence Spectrometry. Li, Qiang; Zheng, 

Hongtao; Zhu, Zhenli; Tang, Zhiyong. Analytical 

Letters. Apr2014, Vol. 47 Issue 5, p843-854. 12p. 

DOI: 10.1080/00032719.2013.853180.

Determination of Trace Elements in Honey 

from Diff erent Regions in Rio de Janeiro State 

(Brazil) by Total Refl ection X-Ray Fluores-

cence. Ribeiro, Roberta de Oliveira Resende; 

Mársico, Eliane Teixeira; Jesus, Edgar Francisco 

Oliveira; Silva Carneiro, Carla; Júnior, Carlos Adam 

Conte; Almeida, Eduardo; Filho, Virgílio Franco do 

Nascimento. Journal of Food Science. Apr2014, 

Vol. 79 Issue 4, pT738-T742. 5p. 

DOI: 10.1111/1750-3841.12363.

Application of total refl ection X-ray fl uo-

rescence spectrometry for multi-elements 

characterization in human hair. Yadav, V.; Pillay, 

R.; Jha, S. Journal of Radioanalytical & Nuclear 

Chemistry. Apr2014, Vol. 300 Issue 1, p57-60. 4p. 

DOI: 10.1007/s10967-014-2945-0.

Characterization of nuclear materials by total 

refl ection X-ray fl uorescence spectrometry. 

Misra, N. Journal of Radioanalytical & Nuclear 

Chemistry. Apr2014, Vol. 300 Issue 1, p137-145. 

9p. DOI: 10.1007/s10967-014-2972-x.

Interpretation of X-ray diff raction patterns 

of (nuclear) graphite. Zhou, Z.; Bouwman, W.G.; 

Schut, H.; Pappas, C. Carbon. Apr2014, Vol. 69, 

p17-24. 8p. DOI: 10.1016/j.carbon.2013.11.032.

In situ monitoring of structural changes 

during the adsorption on fl exible porous 

coordination polymers by X-ray powder 

diff raction: Instrumentation and experimen-

tal results. Bon, Volodymyr; Senkovska, Irena; 

Wallacher, Dirk; Heerwig, Andreas; Klein, Nicole; 

Zizak, Ivo; Feyerherm, Ralf; Dudzik, Esther; Kaskel, 

Stefan. Microporous & Mesoporous Materials. 

Apr2014, Vol. 188, p190-195. 6p. 

DOI: 10.1016/j.micromeso.2013.12.024.

Non-destructive laboratory-based X-ray 

diff raction mapping of warpage in Si die 

embedded in IC packages. Wong, C.S.; Bennett, 

N.S.; Manessis, D.; Danilewsky, A.; McNally, P.J. 

Microelectronic Engineering. Apr2014, Vol. 117, 

p48-56. 9p. DOI: 10.1016/j.mee.2013.12.020.

Studies of kidney stones using INAA, EDXRF 

and XRD techniques. Srivastava, A.; Swain, K.; 

Vashisht, B.; Aggarwal, P.; Mete, U.; Acharya, R.; 

Wagh, D.; Reddy, A. Journal of Radioanalytical 

& Nuclear Chemistry. Apr2014, Vol. 300 Issue 1, 

p191-194. 4p. DOI: 10.1007/s10967-014-2939-y.

Cap rock effi  ciency and fl uid circulation of 

natural hydrothermal systems by means of 

XRD on clay minerals (Sutri, Northern Latium, 

Italy). Corrado, Sveva; Aldega, Luca; Celano, 

Antonio Stefano; De Benedetti, Arnaldo Angelo; 

Giordano, Guido. Geothermics. Apr2014, Vol. 50, 

p180-188. 9p. 

DOI: 10.1016/j.geothermics.2013.09.011.

In-situ SAXS study of the plastic deformation 

behavior of polylactide upon cold-drawing. 

Stoclet, G.; Lefebvre, J.M.; Séguéla, R.; Vanmansart, 

C. Polymer. Apr2014, Vol. 55 Issue 7, p1817-1828. 

12p. DOI: 10.1016/j.polymer.2014.02.010.

Relaxation transition in glass-forming poly-

butadiene as revealed by nuclear resonance 

X-ray scattering. Kanaya, Toshiji; Inoue, Rintaro; 

Saito, Makina; Seto, Makoto; Yoda, Yoshitaka. 

Journal of Chemical Physics. 4/13/2014, Vol. 140 

Issue 14, p144906-1-144906-5. 5p. 

DOI: 10.1063/1.4869541.

Grazing incidence X-ray scattering showing 

self-organized regular three-dimensional 

nanopillar-like structures. Paul, Amitesh; Paul, 

Neelima. Journal of Applied Physics. 4/1/2014, 

Vol. 115 Issue 11, p114303-1-114303-1. 4p. 3 

Graphs. DOI: 10.1063/1.4868690.

Evolution of the heterogeneous structure of 

model sodium silicate glasses during binodal 

decomposition: X-ray small-angle scattering 

investigation. Vasilevskaya, T. Physics of the Solid 

State. Apr2014, Vol. 56 Issue 4, p771-779. 9p. 

DOI: 10.1134/S1063783414040350.

In situ observation of the orientation re-

lationship at the interface plane between 

substrate and nucleus using X-ray scattering 

techniques. Brown, A.J.; Dong, H.B.; Howes, P.B.; 

Nicklin, C.L. Scripta Materialia. Apr2014, Vol. 77, 

p60-63. 4p. DOI: 10.1016/j.scriptamat.2014.01.023.

Real time X-ray scattering study of the 

formation of ZnS nanoparticles using 

synchrotron radiation. Rath, T.; Novák, J.; 

Amenitsch, H.; Pein, A.; Maier, E.; Haas, W.; Hofer, 

F.; Trimmel, G. Materials Chemistry & Physics. 

Apr2014, Vol. 144 Issue 3, p310-317. 8p. 

DOI: 10.1016/j.matchemphys.2013.12.045.
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