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There are many dif fer ent ap pli ca tions of syn chro tron ra -
di a tion in ma te ri als sci ence. Ac tu ally, they use nearly all
well-known re mark able prop er ties of the syn chro tron ra -
di a tion: high in ten sity, high bril liance, wave length
tunability, low di ver gence etc. Dif fer ent kinds of sam -
ples can be stud ied; pow ders, thin films, bulk sam ples,
small par ti cles, small ar eas of bulk sam ples. In par tic u -
lar, non-am bi ent con di tions and time re solved ex per i -
ments are of great in ter est. 

Main ap pli cati ons

High-res o lu tion pow der dif frac tion
One of the most fre quently used ex per i ments of pow der
dif frac tion with syn chro tron ra di a tion is high-res o lu tion
pow der dif frac tion with a res o lu tion of about an or der
better than in con ven tional (lab o ra tory) dif frac tion and
and still work ing at very rea son able in ten sity and nec es -
sary mea sure ment time. High- res o lu tion pow der dif frac -
tion beamlines can be found at nearly all synchrotrons
world wide. The use of high-res o lu tion ex per i ments is of
par tic u lar in ter est in the sev eral prob lems. For ex am ple
for com plex mix tures unique de ter mi na tion of  quan ti ta -
tive or some times even qual i ta tive de ter mi na tion of
phase com po si tion is dif fi cult. The in for ma tion con tent
of mea sured diffration pat tern in terms of interplanar
spac ings (peak po si tions) and in ten si ties is closely re -
lated to the res o lu tion. If this is too low, the phase anal y -
sis may be im pos si ble in prin ci ple. An other ex am ple of
need of high res o lu tion is the struc ture re fine ment or
struc ture de ter mi na tion for low-sym me try phases or
struc tures with large unit cell which is for ex am ple the
case of bi o log i cal ma te ri als or zeolites. The high-res o lu -

tion setup re duces sig nif i cantly over lap ping of peaks -
the ef fect which com pli cates any minimalization pro ce -
dures used for struc ture refinement. Since peaks are nar -
rower, the peak po si tions can be es ti mated more
ac cu rately, the peak over lap di min ishes and a more
accurate in ten sity data set can be ex tracted. Com bi na tion 
of sev eral dif frac tion pat terns col lected at dif fer ent con -
di tions can be of great use. In tex tured sam ples, dif fer ent
pat terns at dif fer ent sam ple ori en ta tions can be measured 
and the pole func tion for a few well sep a rated re flec tions 
cal cu lated. With this in for ma tion the ori en ta tion dis tri -
bu tion func tion for each re flec tion can be found, so that a 
set of lin ear equa tions can be es tab lished, in which the
in te grated in ten si ties of the tex ture-free sam ple are the

un knowns. For both phase anal y sis and struc ture de ter mi na -
tion anom a lous scat ter ing can be very beneficial. This can be
eas ily gen er ated for se lected el e ments by choice of the wave -
length from the broad white syn chro tron spec trum. Line pro -
file anal y sis can of fer in for ma tion on mean crys tal lite size,
crys tal lite size dis tri bu tion, microstrain and/or dis lo ca tion
den si ties or even types. Prac ti cal lim its of con ven tional anal y -
sis for crys tal lite size and dis lo ca tion den si ties are up to
200-300 nm and down to about 1014m-2, re spec tively. High-
 resolution setup can shift sig nif i cantly the lim its by re duc ing
the in stru men tal broad en ing that can of ten be even ne glected.
More over, high in ten sity re duces the noice and makes in ves ti -
ga tion of fine microstructural de tails (dis tri bu tion of crys tal -
lite size, ar range ment and cor re la tion of struc tural de fects)
possible.

Pair dis tri bu tion func tion
The study of pair dis tri bu tion func tion (PDF) has been re vi -
tal ized in last few years. Orig i nally, this was usu ally of in ter -
est for amor phous ma te ri als but it has been shown that it is
also very ef fi cient method for struc tural char ac ter iza tion of
nanomaterials, study of lo cal or der in ma te ri als show ing av er -
age dis or der, and even very help ful for struc ture re fine ment.
In or der to de ter mine the func tion it is nec es sary to use high
en ergy ra di a tion to be able to per form mea sure ment to large Q 
vec tors, and po si tion sen si tive de tec tors (like 2D de tec tors)
for data with good sta tis tics at high Q val ues.

Microdiffration
Dif frac tion on ex tremely small dif fract ing vol umes, small set
of crys tals or even sin gle microcrystals are of in ter est in sev -
eral dif fer ent sci en tific branches. In phar ma ceu ti cal re search,
in or ganic chem is try, in re search on the field of fo ren sic sci -
ence and art, in the in ves ti ga tion of microporous ma te ri als
etc. More over, the spa tial re solved X-ray dif frac tion ex per i -
ments can give unique in for ma tion inhomogeneous ma te ri als,  
func tion ally graded sam ples, or in ma te ri als which are some -
how in-ho mo ge neously me chan i cally, chem i cally or ther -
mally treated. The X-ray microdiffraction (X-ray rock ing
curve im ag ing) with spa tial res o lu tion on µm scale or even
below can be used for anal y sis and quan ti fi ca tion of spa tial
dis tri bu tions of crys tal lat tice mis orientations, for de ter mi na -
tion of de fects den si ties and for de tec tion of lo cal lat tice qual -
ity in crys tal line spec i mens. 3D XRD grain map ping, called
also 3D X-ray mi cros copy, can be now a days per formed at
ESRF (ID11) or at two beamlines in Argonne Na tional Lab o -
ra tory. The shapes, mor phol ogy, ori en ta tion dependences and 
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even growth of in di vid ual grains with tem per a ture can be
stud ied.

Ana ly sis of ori en tati on de pen den ce of
microstructu re (stres ses, tex tu res)

The studies of ori en ta tion de pend ences of micro struc tures
are of great im por tance in ma te ri als sci ence, for ex am ple for
me chan i cally treated (de formed ma te ri als), thin films etc.
The mea sure ment re quires com plete map ping of dif frac tion
peak po si tions (de ter mi na tion of the re sid ual stresses), in -
ten si ties (de scrip tion of the pre ferred ori en ta tion of crys tal -
lites - tex ture) or even line width (microstrain de ter mi na tion
and es ti ma tion and study of the micro structural de fects
types and dis tri bu tion). This can be per formed much more
ef fi ciently with syn chro tron ra di a tion and area po si tion sen -
si tive de tec tor. 
  
Anal y sis of thin films
The investigation of thin lay ers or low di men sional struc -
tures in cor po rates whole va ri ety of prob lems which are of -
ten not pos si ble to over come us ing clas si cal X-ray
equip ment. In ad di tion to the clas si cal prob lems as it is for
ex am ple the low dif fracted in ten sity, the in ves ti ga tion of the 
thin films re quires other spe cific fea tures. First of all, this is
ne ces sity on re duc tion or set ting of the an a lyzed depth. This
is usu ally done by set ting of the ap pro pri ate low an gle of in -
ci dence of the pri mary beam in the glanc ing an gle X-ray dif -
frac tion (GAXRD). High in ten sity of syn chro tron ra di a tion
in com bi na tion with ex cel lent en ergy res o lu tion makes that
tech nique con ve nient for in ves ti ga tion of the nano crystal -
line coat ings and ob ser va tion of the par tial co her ence ef fects 
in thin lay ers and nanocrystalline ma te ri als. An other ex per i -
men tal tech niques suit able and of ten used for the coat ings,
epitaxial lay ers, multilayers and semi con duc tor thin films
in ves ti ga tion, are for ex am ple X-ray reflectometry (XRR)

giv ing the in for ma tion on elec tron den sity and sur face
rough ness and also in for ma tion on the num ber of lay ers,
pe ri ods, in ter face rough ness in the case of multilayers, or
the graz ing in ci dence dif frac tion (GID) which can pro -
vide in for ma tion on sam ple struc ture in the lat eral di rec -
tion. Us ing of highly co her ent syn chro tron ra di a tion in
com bi na tion with its high in ten sity and pos si bil ity of the
wave length tunability greatly ex ceeds the po ten tial of
con ven tional lab o ra tory X-ray dif frac tion equip ment and
makes the use of the syn chro tron ra di a tion nec es sary for
the de tailed in ves ti ga tion of thin lay ers/multilayers.

Mea sure ments un der non-am bi ent con di tions
Prob a bly one of the high est importances of syn chro tron
ra di a tion, thanks to its high in ten sity and tun able wave -
length, is the ef fi cient pos si bil ity to per form all ex per i -
ments un der non-am bi ent con di tions – low and high
tem per a tures, high pres sures and ap ply ing of ex ter nal
(elec tro mag netic) fields. In par tic u lar, the pres sure is a
pow er ful ther mo dy namic vari able that al lows the di rect
con trol of the in ter atomic dis tances and in com bi na tion
with ther mal treat ment it can be used for novel su pra-hard
ma te rial syn the sis. More over, the struc tural char ac ter is -
tics ob tained from tem per a ture/pres sure mea sure ments
can be used for the equa tion of state de ter mi na tion. Low
tem per a ture mea sure ments can yield unique in for ma tion
on mag netic prop er ties and gen er ally on the elec tron
struc ture of sol ids. Fast phase tran si tions, chem i cal re ac -
tions in solid, liq uid or solid-gas state can be fully struc -
tur ally char ac ter ized only when us ing syn chro tron
ra di a tion. More over, the scat ter ing of syn chro tron ra di a -
tion can be eas ily com bined with in-situ spec tro scopic
stud ies like Raman or in fra red. In-situ sam ple prep a ra tion
like thin film de po si tion or hard ma te rial syn the sis would
also be of in ter est.
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In tro ducti on

Ma te ri als Sci ence Beamline (MSB) at ELETTRA, Sincro -
trone Trieste is prob a bly the most com plex de vice used in
synchrotrons, which was pro posed, de signed and man u fac -
tured mainly by Czech com pa nies and in sti tutes and fi -
nanced from Eu ro pean and Czech funds. In the pres ent
time it is op er ated in close co op er a tion of three part ners -
In sti tute of Phys ics of the ASCR, Charles Uni ver sity and
Sincrotrone Trieste by the in ter na tional team with Czech
par tic i pa tion. This 10 years long ex pe ri ence with con struc -
tion, op er a tion, main te nance and never-end ing im prove -
ment of MSB would be use ful for cur rently pro posed
am bi tious pro ject of Cen tral Eu ro pean Syn chro tron Lab o -
ra tory (CESLAB) in Brno.

ELETTRA

Syn chro tron ELETTRA was pro posed as a soft X-ray com -
ple ment of ESRF Grenoble in 80’s. A de ci sion to build the
two 3rd gen er a tion syn chro tron fa cil i ties was taken in 1986
and con struc tion of ELETTRA be gan in 1991, reach ing
com mis sion ing in 1993. In con trast to older fa cil i ties, 3rd

gen er a tion sources are ded i cated for syn chro tron ra di a tion
not only from bend ing mag nets, but also from many of in -
ser tion de vices (undulators, wig glers). They have low
emit tance and then small beam size. ELETTRA stor age
ring with a cir cum fer ence 259 m has dou ble bend
achromate struc ture with 24 bend ing mag nets and 11 long
straight sec tions ded i cated for in ser tion de vices [1]. En ergy 
of cir cu lat ing elec trons was orig i nally pro posed to 1.5 GeV 
with full en ergy in jec tion from linac, but early it was in -
creased to 2.0 GeV with in jec tion at 1.0 GeV. Later, the
new mode with 2.4 GeV en ergy was in tro duced (25% of
user time). The lat est de vel op ment rep re sents a new full en -
ergy in jec tion de vice con sist ing of 100 MeV linac with a
2.4 GeV booster. Aban doned old linac will be re built and
be come the core of the FERMI@elettra 4th gen er a tion light
source (free elec tron la ser).

Ma te ri als Science Be a mli ne

His tory
The idea to build rel a tively sim ple and cheap beamline us -
ing bend ing mag net ra di a tion with pho ton en ergy in the
range 20-1000 eV for the wide range of ap pli ca tion in ma -
te ri als sci ence jointed to gether peo ple from many in sti tu -
tions leaded by In sti tute of Phys ics in Prague. Ma te ri als
Sci ence Beamline was pro posed for the first time as Ital -

ian-Czech pro ject for fi nanc ing from Cen tral Eu ro pean Ini -
tia tive in 1996. The sec ond at tempt in 1997 was suc cess ful
and MSB was sup ported by EU grant for trans fer of high
tech nol o gies to the east Eu ro pean coun tries. Main com po -
nents of the beamline (UHV cham bers for all op ti cal el e -
ments with fine me chan ics) were de signed and
man u fac tured by Delong In stru ments, Brno in pe riod
1998-99. Fi nal as sem bly be gan in 1999 and com mis sion -
ing fol lowed in 2000. First ex per i men tal sta tion at tached to
the Ma te ri als Sci ence Beamline was UHV cham ber with
Scienta 200 an a lyzer from Karl Frenzens Uni ver sity, Graz
(2000-2002). From 2002 it was re placed by the cham ber
from ELETTRA fit ted with Phoibos 150 elec tron an a lyzer
and other equip ment from Charles Uni ver sity, Prague. This 
ex per i men tal cham ber is con tin u ously up graded and works 
on MSB up to now. In 2008 a new grat ing cham ber man u -
fac tured in Bestec Berlin was in stalled. It con serves op ti cal
con cept, but in tro duces state-of-the-art com po nents of the
fine me chan ics in clud ing ac tu a tors and high pre ci sion an -
gu lar encoders.  

Beamline de scrip tion
Ma te ri als Sci ence Beamline is at tached to the bend ing
mag net exit 6.1 on ELETTRA stor age ring. To cover pho -
ton en ergy range 20-1000 eV a graz ing an gle re flec tive op -
tics with gold coat ing in the UHV cham bers was used. The
first op ti cal el e ment is a to roid al mir ror fo cus ing light
sagitally onto the en trance slit and tan gen tially onto the exit 
slit. Due to the in ci dence an gle 4° from the op ti cal sur face,
hard X-ray is ab sorbed and only vis i ble, ul tra vi o let and soft 
X-ray light re flects down stream. A plane grat ing mono -
chro ma tor based on the SX-700 con cept has plane mir ror
de ter min ing the an gle of in ci dence on the plane grat ing,
while the spher i cal mir ror fo cuses the dif fracted light onto
the exit slit. Af ter exit slit the light beam is re fo cused to the
sam ple by the to roid al mir ror that de flects the beam in
vertical plane [2]. Schematic optical layout is on figure 1.

End sta tion
The key com po nent of the beamline is end sta tion al low ing
not only ex per i ments with syn chro tron light, but also
in-situ sam ple treat ment and its char ac teri sa tion by sup ple -
men tal meth ods. In the ex per i men tal cham ber it is pos si ble
to use Ar+ sput ter ing, LEED, HeI lamp for UPS (Ul tra vi o -
let photoelectron spec tros copy), Mg+Al X-ray tube for
XPS (X-ray pho to elec tron spec tros copy), var i ous evap o ra -
tors and off-course sam ple heat ing and cool ing dur ing all
ex per i ments. High pres sure ex po si tions and sam ple clean -
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ing can be done in neigh bour ing prep a ra tion cham ber. Fast
en try al lows sam ple en ter ing from am bi ent with at mo -
spheric pres sure to the UHV cham bers in 20 min utes.

Syn chro t ron ra di ati on pho to emis si on 
spectrosco py

The main ex pe ri men tal method used at MSB is pho to emis -
si on spectrosco py. In con trast to UPS, when ex ci tati on
ener gy is 21.218 eV (HeI lamp) or XPS with ex ci tati on

ener gy 1253.6 eV (Mg K-a) and 1486.6 eV (Al K-a), the
syn chro t ron ra di ati on on MSB re pre sents a tu ne a ble light
sour ce co ve ring the who le gap be tween clas si cal UPS and
XPS. The re are more advan tages – small and se lecta ble

ener gy bandwid th (10-500 meV) and fo cus to the small

spot on the sam ple (100 ´ 100 µm). The practi cal re sult is,
that syn chro t ron ra di ati on in com bi nati on with SPECS
Pho i bos 150 electron ener gy ana ly zer can distin guish not
only be tween dif fe rent ele ments, but also be tween dif fe rent 
si tes of atoms by ana ly zing of che mi cal or sur fa ce core le -
vel shifts only ~0.1 eV lar ge. Tu ning of ex ci tati on ener gy
chan ges in for mati on depth (due to va ri ati on of electron

ine las tic mean free path) as well as fo cu sing on spe ci fic
ele ment (due to pho to i o ni zati on cross secti on de pen den ce). 
Near Edge X-ray Ab sorp ti on Fine Structu re (NEXAFS)
can be me a su red only with tu ne a ble pho ton sour ce. Pho ton
flux on the sam ple as a functi on of pho ton ener gy is dis -
played on fig ure 2.

Scien ti fic out put

Dur ing its seven years his tory MSB pro duced nearly 50
sci en tific pa pers and other 10 are sub mit ted or in press. As
an ex am ple can be men tioned work about va lence-charge
fluc tu a tions in the Pb/Si(111) sys tem [3] or photoemission
study of CO ad sorp tion on or dered Pb/Ni (111) sur face
phases [4].
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Fig ure 2. Pho ton flux as a func tion of pho ton en ergy for re solv -
ing power E/dE = 2000.

Fig ure 1. Op ti cal lay out of MSB, side view (not in scale).


