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S fázovým problémem strukturní analýzy se setkal každý
“rentgenáø” bìhem základních kurzù strukturní analýzy.
Mìøením intenzity, a nikoliv amplitudy, difraktovaného
záøení ztrácíme informaci o fázi rozptýlené vlny. Tím jsou
ponìkud komplikovány úlohy øešení struktury z
difrakèního záznamu. 

Moderní zdroje synchrotronového záøení poskytují
záøení s vysokou úrovní koherence, tj. fáze dopadajících
fotonù je shodná. Vysoký stupeò koherence je pøíèinou
pozorování ohybových jevù jako dùsledek in ter fer ence
rozptýlených vln, viz. Obr.1. V angliètinì se pro tento jev
ujal termín “dif frac tion speck les”. Právì použití
koherentního záøení pro difrakèní experimenty usnadòuje
øešení fázového problému, tj. nalezení fáze difraktující
vlny. 

Fázi rozptýlené vlny lze z difrakèního záznamu urèit
pomocí takzvaných phase-re trieval algoritmù [2, 3]. Tyto
algoritmy porovnávají Fourierùv obraz modelu rozložení
elektronové hustoty s namìøenými absolutními velikostmi
strukturních faktorù. Aplikací rùzných podmínek v
pøímém i reciprokém prostoru (con strains) lze urychlit
konvergenci výpoètu.

V pøíspìvku budou prezentovány, kromì popisu
experimentálního zaøízení, výsledky simulací phase-re -
trieval algoritmù a experimetù na zdrojích SR.
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Obrázek 1.  Rozptyl koherentního rtg. záøení na zlaté nanoèástici. Jsou patrné interfereèní kroužky (“speck les”) . Napravo

zrekonstruovaný tvar rozptylující èástice Au. Pøevzato z [1].



L4

TUNABLE LABORATORY X-RAY SOURCES

J. Dohnálek

In sti tute of Macromolecular Chem is try of the Acad emy of Sci ences of the Czech Re pub lic, v.v.i.,
Heyrovského nám. 2, 16206 Prague 6, Czech Re pub lic

dohnalek@imc.cas.cz

The choice of wave length of X-ray ra di a tion is crit i cal for
many dif frac tion and non-dif frac tion ex per i ments. The tra -
di tional lab o ra tory X-ray sources are in large based on gen -
er a tion of ra di a tion char ac ter is tic for the el e ment of the
source an ode, i.e. mono chro matic or close-to-mono chro -
matic ra di a tion. There fore ex per i ments re ly ing on chang -
ing prop er ties of sam ples with var ied en ergy of the pri mary 
X-ray beam have so far been per formed mostly at sources
of syn chro tron ra di a tion. Syn chro tron ra di a tion of much
higher flux den si ties, lower di ver gence and tun able en ergy
pro duced by bend ing mag nets or in ser tion de vices fully
sat is fies re quire ments of many types of ex per i ments. 

Be cause of in trin si cally weak dif frac tion of crys tals of
bi o log i cal mol e cules higher in ten sity sources of ra di a tion
have al ways been sought. Sources of syn chro tron ra di a tion
of the 3rd gen er a tion brought a sub stan tial im prove ment of
the meth ods and ex per i ments of bio-crys tal log ra phy,
namely an eas ier im ple men ta tion of mul ti ple wave length
anom a lous dis per sion ex per i ments used widely for solv ing
the phase prob lem. In ten sive and tun able lab o ra tory
sources of X-ray ra di a tion would of fer a long-wanted tool
not only for bio-crys tal lo graphic ap pli ca tions.

In the last ten years sev eral re search groups have aimed
at de vel op ment of lab o ra tory-size tun able X-ray sources.
One di rec tion of these ef forts uti lizes the phe nom e non of
in verse Compton scat ter ing. In ter ac tion of elec trons ac cel -
er ated to en er gies of tens of MeV with pho tons of elec tro -
mag netic ra di a tion of mi crom e ter wave length leads to
gen er a tion of X-ray pho tons. The Com pact Light Source
(CLS) of Lyncean Tech nol o gies, inc., Palo Alto, Cal i for nia 
has been de vel oped with the aim of ap pli ca tion of this phe -
nom e non in gen er a tion of an X-ray beam suit able for var i -
ous types of ex per i ments, which could be housed within a
larger lab o ra tory. Some re cent re sults in di cate that CLS
can be used both for X-ray im ag ing and dif frac tion ex per i -
ments [1].

An other ap pli ca tion of the in verse Compton scat ter ing
mech a nism is ap plied in the newly de signed type of an
X-ray source - Com pact X-ray Source (CXS) de signed at
the Mas sa chu setts In sti tute of Tech nol ogy/Nu clear Re ac -
tor Lab o ra tory. In this case tech nol ogy of su per con duc tors
should be ap plied to achieve elec tron ac cel er a tion with a
finely con trolled time struc ture, high rep e ti tion rate and
lead ing to highly bril liant x-ray beam.

An other di rec tion of these de vel op ments re lies mainly
on gen er a tion of Brehmsstrahlung by high-en ergy elec -
trons. Large cur rents of elec trons with en ergy of 25 MeV
in ter act ing with a solid tar get such as car bon wire gen er ate
a wide spec trum of X-ray and gamma ra di a tion. The Pho -
ton Pro duc tion Lab o ra tory, Ltd., Shiga, Ja pan has de signed 
a sin gle-mag net “syn chro tron” setup with se lec tion of a
given wave length of ra di a tion by a sys tem of mono chro -
ma tors - “Mirrorcle”. X-ray ra di a tion is gen er ated by two
dif fer ent mech a nisms - Brehmsstrahlung from a mi crom e -
ter tar get or so called “para met ric” ra di a tion pro duced by
in ter ac tion of the in ten sive and en er getic elec tron beam
with a sin gle crys tal pe ri odic lat tice. The Mirrorcle de sign
is be ing op ti mised to be come an X-ray source us able for
dif frac tion ex per i ments [2].

While the CXS source is only in the stage of plan ning
CLS and MIRRORCLE RAY 20 ST sys tems have been
built and par tially op ti mised. Both pro duce x-ray ra di a tion
of vari able en er gies. De vel op ments to pro vide high in ten -
sity mono chro matic beams for a broad range of ex per i -
ments are un der way. 
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The lat est de vel op ments in new X-ray microfocus sources
lead to new pos si bil i ties in X-ray diffractometry. Us ing the
new Incoatec Microfocus Source (IµSTM) with the lat est
kind of two di men sional fo cus sing Montel op tics, the so
called QuazarTM op tics, in com bi na tion with a two di men -
sional de tec tor al lows high qual ity diffractometry mea sure -
ments with very good res o lu tion of very small and weakly
scat ter ing sam ples in the home-lab in short time.

The ad van tages of the new 30 W air cooled IµSTM with
a fo cal spot size be low 50 µm are pre sented. The use of
IµSTM is as easy as for all sealed tube sys tems and the per -
for mance ex ceeds typ i cal com bi na tions of tra di tional ro tat -
ing an odes with multilayer op tics. With a fo cus sing op tics

IµSTM achieves in a sin gle crys tal dif frac tion set-up a flux

above 3·108 cps in a 250 µm spot with Cu-Ka or a flux

above 107 cps in an 110 µm spot for Mo-Ka ra di a tion. For
SAXS ex per i ments there is also an IµSTM avail able with a 2 
di men sional collimating op tics.

Var i ous ex am ples of new ap pli ca tion mea sure ments on
dif fer ent X-ray sam ples are shown, like pro teins, small
mol e cules and SAXS, prov ing the broad field of ap pli ca -
bil ity of the IµS. The fig ure shows the X-ray pow der dif -
frac tion pat terns of ibuprofen re corded with a typ i cal
par al lel beam sealed tube set-up (left) and with IµSTM

(right) in transmission setup.
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Fig ure 1: Dif frac tion pat tern of ibuprofen re corded with a par al lel beam sealed-tube set-up (left) and an IµSTM (right), both with a
Bruker D8 GADDS. The ex po sure times were 120 sec (left) and 15 sec (right) re spec tively.


