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Ab stract

The X-ray dif frac tion is, with out ques tion, one of the most
im por tant tech niques for the non-de struc tive ma te ri als
struc ture in ves ti ga tion. Al though the con ve nient lab o ra -
tory X-ray equip ment im proved sig nif i cantly within last
de cades, there still exit top ics and ef fects which are, us ing
lab o ra tory equip ment, un at tain able. Lim its and re stric tions
of con ven tional X-ray dif frac tion are rel e vantly shifted or
wiped away us ing syn chro tron ra di a tion source. In our
con tri bu tion, we dis cuss top ics which are planned to study
on Ma te ri als Sci ence – High Res o lu tion Pow der Dif frac -
tion beamline, the most suit able ex per i men tal set tings for
ma jor ity of re quested tasks as well as in sti tu tions or sci en -
tific groups and fields of their in ter ests which manifested
their pronounced interest on participation on proposed
beamline.

Introduction

High res o lu tion pow der dif frac tion beamline should serve
for dif fer ent tasks of struc tural stud ies of ma te ri als in the
form of pow ders, polycrystalline bulk ma te ri als, thin films
and epitaxial lay ers. It is pro posed for dif frac tion ex per i -
ments which re quire high res o lu tion in en ergy and scat ter -
ing an gle as well, and it is pri mar ily op ti mized for
ex per i ments on polycrystalline ma te ri als, how ever the
microdiffraction ex per i men tal set tings al lows its ap pli ca -
tion to the high res o lu tion scat ter ing stud ies of the sin -
gle-crys tals too. There fore, it could also be called the
Ma te rial Sci ence beamline. Most of the fa mous prop er ties
of syn chro tron ra di a tion can be of use – high in ten sity and
high bril liance, wide en ergy range, low di ver gence. For all
the ap pli ca tions, free se lec tion of wave length from the
white beam is im por tant. This beamline should op er ate in
the en ergy range 8 – 50 keV (1.5 - 0.25 C) which cover
most of the needs of ma te rial sci ence com mu nity and sat -
isfy the con di tions of sci en tific re search top ics planed on
this beamline. Re quested ac ces si ble en ergy range in ev i ta -
bly de ter mines the use of the super con duct ing wig gler with 
short pe riod length as the in ser tion de vice for the Ma te rial
Sci ence beamline.

Main ap pli ca tions of pow der dif frac tion and
ad van tages of syn chro tron ra di a tion

High-res o lu tion pow der dif frac tion
Now a days, by us ing of high-res o lu tion pow der dif frac tion
a res o lu tion about an or der better than in con ven tional dif -
frac tion can be achieved still at very rea son able in ten sity.
The use of high-res o lu tion ex per i ments is of par tic u lar in -
ter est in the fol low ing prob lems. Phase anal y sis of com -
plex mix tures when unique de ter mi na tion of nei ther
quan ti ta tive nor 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 the 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
low, the phase anal y sis may be im pos si ble in the prin ci ple,
in par tic u lar cases. Struc ture re fine ment or struc ture de ter -
mi na tion es pe cially 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 rial or zeolites. 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 de ter mi na tion. Since peaks are nar rower, peak po si -
tions can be es ti mated more ac cu rately, peak over lap ping
di min ishes and a more com plete 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 col lected 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 determiantion anom a lous scat ter ing can be very
use ful. This can be eas ily gen er ated for se lected el e ments
by choice of the wave length from the wide 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-res o lu tion setup can shift sig nif i cantly the lim -
its by re duc ing the in stru men tal broad en ing that must be
deconvoluted and more over high in ten sity re duces the
noice. This means than is some cases the in stru men tal
broad en ing can be ne glected at all and in other cases this al -
lows to study finer 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).

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. Nom i nally, in phar -
ma ceu ti cal re search, in or ganic chem is try, in re search on
the filed of fo ren sic sci ence and art, in in ves ti ga tion of the
microporous ma te ri als etc. The spa tial re solved x-ray dif -
frac tion ex per i ments are more over im por tant in in ves ti ga -
tion of the ma te ri als with func tion gra di ents and gen er ally
for the dif frac tion in ves ti ga tion of inhomogeneous sam -
ples. The X-ray microdiffraction (X-ray rock ing curve im -
ag ing) with spa tial res o lu tion on µm scale can be used for
anal y sis and quan ti fi ca tion of spa tial dis tri bu tions of crys -
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tal lat tice misorientations, 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. The ex per i men tal setup planed for the mi -
cro-dif frac tion ex per i ments can be fur ther used for the sin -
gle-crys tal dif frac tion.

Pair dis tri bu tion func tion
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
the only 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.

Anal y sis of ori en ta tion de pend ence of microstructure
(stresses, tex tures)
Stud ies of ori en ta tion de pend ence 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.
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. An other ap proach to
the prob lem is to re place global anal y sis by the lo cal one
which means 3D grain-by-grain (spa tially re solved) map -
ping of the ma te rial. Such a pro ce dure can yield unique in -
for ma tion namely in an 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. Spa tially re solved X-ray dif frac tion can
be more ef fi cient us ing the hard X-rays.

Anal y sis of thin films
In ves ti ga tion 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 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
nanocrystalline 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 laboratory X-ray diffraction
equipment and makes the use of the synchrotron radiation
necessary for the detailed investigation of thin
layers/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 or 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.

Re quire ments

The lat est setup pro posed in MSPD bemline in Alba syn -
chro tron (Feb ru ary - July 2007) seems to be very suit able,
at least as a start ing point in beamline de sign, also for needs 
of our crys tal lo graphic com mu nity and ma te rial re search
groups (see the list be low) which plan to par tic i pated and to 
per form their ex per i ments on pro jected beamline. Spe cif i -
cally the ex per i men tal re quire ments on pro posed beamline
cover: high res o lu tion and in-situ pow der dif frac tion, sin -
gle crys tal, high pres sure dif frac tion on pow ders and sin gle 
crys tals, spa tially re solved microdiffraction. In ad di tion,
tex ture - stress anal y sis and thin film anal y sis is of in ter est
as well as the ex per i ments in non-am bi ent con di tions and
ex ter nal fields, as it was for merly de scribed in more de tails. 
The beam line should be able to op er ate in en ergy range
from 8 keV to 50 keV. This will cover most of the needs for
the ma te ri als sci ence com mu nity. In par tic u lar the high en -
ergy re gion (30 – 50 keV) pro vides an op ti mum en ergy
range for high pres sure ex per i ments; it is also de sir able for
high res o lu tion pow der dif frac tion ex per i ments and PDF
stud ies. The en ergy range has de ter mined the type of
source (a super con duct ing wig gler with short pe riod
length), and the im ple mented tech niques the num ber of ex -
per i men tal sta tions (2-3). More over, the main ac cent on the 
op ti cal and ex per i men tal sta tion de sign should be fo cused
to the com pact ness and the pos si bil ity to eas ily change the
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beamline set ting with out ma jor, long time con sum ing, re -
align ments.
En ergy range: Max i mum: 8-50keV (1.5 - 0.25 C) Typ i cal:
20-40keV (0.6 - 0.3 C)

Ener gy re so lu ti on: 2 × 10-4 dE/E
Typ i cal beam sizes (H x V): 5 x 2 mm2 down to 30 x 20

mm2

In ci dent beam op tics: 

The next para graph briefly de scribes the planed beamline
de sign and main parts of the op ti cal and ex per i men tal
hutches. The beamline should ba si cally op er ate in two
modes de pend ing on the re quired en ergy and ex per i men tal
set tings; in a mir rored mode for the en ergy range from 8 to
40 keV and for en er gies higher than ap prox i mately 40 keV
in un-mirored mode.

Fil ters 
The op ti cal el e ments are pre ceded by a vari able white beam 
fil ter to strip off the low en ergy part of the wig gler spec -
trum and re duce the heat load on the down stream op tics. 

Mir ror 
The collimating bent sil i con mir ror will be in stalled to re -
duce the heat load on the mono chro ma tor, to sup press
higher har mon ics and to collimate the beam in the ver ti cal
di rec tion, thus in creas ing the en ergy res o lu tion. This is
nec es sary in or der to achieve high res o lu tion pow der dif -
frac tion data. The en ergy range in the mir rored mode is de -
fined by the mir ror coat ing and graz ing an gle. To cover a
wide en ergy range with out the need of ma jor re align ments
the mir rors will be op er ated at a fixed glanc ing an gle, and it 
will be cov ered by sev eral stripes made from dif fer ent ma -
te ri als (Si, Rh, Pt, Ir) to achieve dif fer ent en ergy ranges be -
tween 8 – 40 keV.

Mono chro ma tor 
The mono chro ma tor will pro duce a mono chro matic beam

with en ergy res o lu tion dE/E of about 2x10-4 in the 8 – 50
keV range. The mono chro ma tor can prin ci pally be de -
signed ei ther as a dou ble-crys tal mono chro ma tor or as a
chan nel-cut mono chro ma tor. Con sid er ing pros and contras 
of both men tioned mono chro ma tor types, the use of dou -
ble-crys tal mono chro ma tor will be pre ferred. To re duce the 
in flu ence of the ther mally in duced dis tor tion, caused by
high heat load, both collimating mir ror and mono chro ma -
tor must be ex ter nally cooled dur ing its op er a tion.

Fo cus ing KB sys tem with Multilayers 
The pair of Kirkpatrick-Baez (KB) fo cus ing mir rors can be
used in both mir rored and un-mir rored set tings. In both
modes the KB-multilayer mir ror can be ap plied as ad di -
tional fo cus ing op tion in the en ergy range be tween 20 and
50 keV. The KB mir rors will serve for fo cus ing of the in ci -
dent beam for the spa tial re solved dif frac tion, sin gle-crys -
tal dif frac tion and their use is es sen tial for the
microdiffraction ex per i ments, where the beam should be

fo cused to the area of about 30 x 20 mm2. For high-an gu lar
res o lu tion pow der diffractometry these mir rors has to be
re moved from the beam path to pro duce a par al lel in ci dent

beam on the pow der sam ple. They can be, for in stance,
made with ei ther lat eral or in-depth grad ing (super-mir -
rors) and dou ble layer spac ing of 2 nm.

Sam ple stage

Prin ci pally at least two sam ple stage sys tems are pro posed
for this beamline; the two-cir cle goniometer for trans mis -
sion and re flec tion high res o lu tion pow der dif frac tion ge -
om e try and four-cir cle or kappa goniometer for
microdiffraction and sin gle-crys tal dif frac tion set tings.

For the pur poses of the high res o lu tion mea sure ments
the pow der dif frac tion stage has to be equipped with
diffractometer hav ing the an gu lar ac cu racy better than
1x10-3 ° and step 1x10-4 °, more over for the pre cise mea -
sure ments the ac cu rate aligment of the sam ple eith re spect
to the in ci dent beam is necesary. There fore the sam ple
stage al low ing move ments in or der of mi crons or tens of
mi crons in z and xy po si tion respectivelly is re quested.
Planed de tec tion sys tem (de tec tors) con sists of the multi
analyser de tec tor setup for pre cise high res o lu tion dif frac -
tion ex per i ments and a fast curved po si tion sen si tive or sil i -
con strip de tec tor for time re solved X-ray dif frac tion. The
ge om e try of the pow der diffractometer has to al low mount -
ing of var i ous sam ple sup ports pri mar ily an ad di tional
Eulerian cra dle, holder for ro tat ing cap il lar ies with op -
tional move ment along the cap il lary axis, flat-plate sam ple
holder with spin ner, or plac ing dif fer ent sam ple en vi ron -
ments on a lift ing ta ble that can eas ily be moved to the
diffractometer. Ex am ples of such sam ple en vi ron ments
are: liq uid-ni tro gen cryostream with broad tem per a ture
range and high tem per a ture sta bil ity, con tin u ous liq uid-he -
lium flow cryostat with spin ning cap il lary and flat-plate ad -
ap tors for tem per a ture range from 2.2 K to 350 K, high
tem per a ture cham ber, re ac tion cell for in situ stud ies, di ode 
la ser fur nace for cap il lar ies, stress rig to ap ply me chan i cal
load while mea sur ing the re sid ual strain, hu mid ity cham -
bers, etc.

For microdiffraction ex per i men tal set tings a full
four-axis in stru ment or the kappa goniometer for flex i ble
sam ple ori en ta tion and com plete data col lec tion to high
theta val ues at small crys tal to de tec tor dis tances will be se -
lected. The sphere of in ter sec tion of axes should be as small 
as pos si ble (less than 5 mi crons) to avoid the prob lems with 
sam ple mis align ment dur ing mea sure ment with small est
planned fo cus size (20 x 20 mm). The spa tially re solved
dif frac tion tech niques re quire ad di tional pre cise sam ple
trans la tion stage for mi cro po si tion ing. It’s nec es sary to
find a diffractometer that ac com mo dates both tech niques
with out ma jor changes in the hard ware. Fur ther it is also
im por tant to have enough free space around the
diffractometer to be able to in stall ad di tional equip ment
like the low tem per a ture sys tem, la sers, po si tion ing video
mi cro scope and other sam ple en vi ron ments.

De tect ing sys tems

For dif fer ent dif frac tion tech niques, which we plan to per -
form on pro posed beamline, we re quire dif fer ent types of
de tec tors. The main de tec tor for the high res o lu tion pow der 
dif frac tion sta tion will be a multi an a lyzer stage with 5-7
detectors with an a lyzer crys tals. Time re solved ex per i -
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ments can be per formed on very dif fer ent time scales nev -
er the less fast de tec tion sys tem is needed for such types of
ex per i ments. We plan to equipped pow der dif frac tion stage 
with a curved 1-dim PSD or better with curved sil i con strip
de tec tor which is fea si ble for less than one sec ond mea -
sure ment. The microdiffraction / sin gle-crys tal sta tion will
be in ba sics equipped with a point de tec tor as well, how -
ever for fully ef fi cient mea sure ments fast read out CCD
area de tec tor is re quired. For some ap pli ca tion the large ap -
er tures, high dy namic range and low in trin sic noise at long
ex po sures of Im age Plate can be ben e fi cial as well.

Pos si ble ex ten sions

Com bi na tion of pow der dif frac tion with EXAFS and other
spec tro scopic meth ods can be con sid ered.

Po ten tial us ers of Ma te ri als sci ence beamline

In the ta ble be low there is a list of lab o ra to ries which
showed high in ter est in mea sure ments at the pro posed
beamline and other po ten tial us ers (with out spec i fi ca tions)
from the Czech and Slo vak Re pub lics. How ever, us ers
com ing from other close coun tries are ex pected, namely
Aus tria, Po land and Hun gary but also for ex am ple
Slovenija, Croatia, Ukraine where there are many lab o ra to -
ries deal ing with pow der dif frac tion.

In ter est ing links:

Some links to the re lated beamlines (pow der dif frac tion,
ma te rial sci ence, etc.) work ing or un der con struc tion in Eu -
rope.
ALBA (Spain); beamline High Res o lu tion Pow der Dif -
frac tion, 
http://www.cells.es/ 
ANKA (Ger many); beamlines PDIFF, NANO,
http://ankaweb.fzk.de/ 
Di a mond (UK); beamline I11,
http://www.diamond.ac.uk/
ESRF (France); beamlines BM01, ID3, BM05, ID10B,
ID11, ID13, ID15A/B, BM20, ID22, BM25, ID31, ID32,
http://www.esrf.eu/
HASYLAB (Ger many); beamlines B2, BW1, C, D3, D4,
F1, F2.1, G3, W1, W2,
http://hasylab.desy.de/
MAX-lab (Swe den); beamlines I711, I811, 
http://www.maxlab.lu.se/
SLS (Swit zer land); beamline X04SA, 

http://sls.web.psi.ch/ 

Ap pen dix

List of some Czech and Slo vak sci en tific groups show ing
prom i nent in ter est in per form ing ex per i ments on Ma te ri als
Sci ence – Pow der Dif frac tion Beamline

In sti tu tion: Fac ulty of Math e mat ics and Phys ics,
Charles Uni ver sity, Prague
Con tact: R. Kužel, S. Daniš
In ter ests: high-res o lu tion pow der dif frac tion, thin films

anal y sis, 3D grain map ping
Ma te ri als: nanocrystalline ma te ri als, de formed ma te ri als
In sti tu tion: Fac ulty of Sci ence, Charles Uni ver sity,
Prague
Con tact: V. Goliáš, J. Plášil
In ter ests: high-res o lu tion pow der dif frac tion, micro -
diffraction
Ma te ri als: new min er als

In sti tu tion: Fac ulty of Nu clear Sci ences and Phys i cal
En gi neer ing, Czech Tech ni cal Uni ver sity
Con tact: N. Ganev
In ter ests: stress and tex ture anal y sis
Ma te ri als: steels

In sti tu tion: In sti tute of Phys ics, Acad emy of Sci ences of
the Czech Re pub lic, Prague
Con tact: M. Èeròanský
In ter ests: high-res o lu tion pow der dif frac tion, thin film
anal y sis, anal y sis of ori en ta tion de pend ence of
microstructure, mea sure ment un der non-am bi ent con di -
tions, pair dis tri bu tion func tion
Ma te ri als: nanocrystalline ma te ri als, de formed ma te ri als,
shape mem ory ma te ri als

In sti tu tion: In sti tute of Phys ics, Acad emy of Sci ences of
the Czech Re pub lic, Prague
Con tact: K. Knížek
In ter ests: high-res o lu tion pow der dif frac tion
Ma te ri als: tran si tion metal ox ides

In sti tu tion: In sti tute of Chem i cal Tech nol ogy, Prague
Con tact: J. Maixner, B. Kratochvíl, M. Hušák, R.Pažout
In ter ests: high-res o lu tion pow der dif frac tion, struc ture so -
lu tion from pow der or microcrystal data, thin film anal y sis,
microdiffraction, EXAFS
Ma te ri als: Phar ma ceu ti cal sub stances, Al-Ti-Si al loys,
min er als, nanocrystalline ma te ri als, rare-earth el e ments in
sil i cate and bo rate glasses

In sti tu tion: Geo log i cal In sti tute, Acad emy of Sci ences of
the Czech Re pub lic
Con tact: R. Skála
In ter ests: dif frac tion un der non-am bi ent con di tions
(hP/hT), tex ture anal y sis of nat u ral highly-de formed ma te -
ri als
Ma te ri als: min er als and syn thetic com pounds rel e vant to
plan e tary crusts and cores, highly de formed rocks, ma te ri -
als from UHP ter rains

In sti tu tion: In sti tute of In or ganic Chem is try, Acad emy
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