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The cur rent Lab o ra tory Rotan (Fig. 1) in the In sti tute of
Phys ics, Acad emy of Sci ences of the Czech Re pub lic,
v.v.i., was es tab lished in 1992 when the first X-ray gen er a -
tor with ro tat ing an ode in the Czech Re pub lic was put into
op er a tion. The staff of the new lab o ra tory was put to gether
from mem bers of the rep u ta ble X-ray lab o ra to ries founded
by A. Kochanovská, R. Bubáková or M. Polcarová. I
would like to de vote sev eral words to re mind these per son -
al i ties in the first part.

The enor mous im por tance of A. Kochanovská for the
Czech crys tal log ra phy gen er ally and for the in dus trial ap -
pli ca tions of the X-ray dif frac tion in par tic u lar is well
known. She was the head of the X-ray microstructure anal -
y sis de part ment in the Re search In sti tute of Phys ics of
Skoda Works since 1935. Sev eral years later this unit was
in te grated into our in sti tute and she con tin ued with her sci -
en tific work there till 1968. Her suc ces sors were J. Èermák
[1] and later to day’s Rotan staff member M. Èeròanský. 

R. Bubáková gave the first ex per i men tal ev i dence of
the va lid ity of the dy nam i cal X-ray dif frac tion the ory. Pub -
li ca tions Bubáková – Drahokoupil – Fingerland [2] on the
the ory and ap pli ca tions of the dou ble and tri ple crys tal
diffractometers came to be one of the es sen tial pil lars of the 
field known at the pres ent as high res o lu tion X-ray dif frac -
tion. The stu dents of R. Bubáková, O. Pacherová and Z.
Šourek, are also en gaged in the to day’s Rotan lab o ra tory. 

M. Polcarová was in ter na tion ally rec og nized ex pert in
the field of X-ray dif frac tion to pog ra phy. Her dis cov ery of
pre vi ously un ob served mag netic do main struc tures [3] got
into the text books.

The lab o ra tory is now equipped with two X-ray gen er a -
tors with ro tated an ode. The new diffractometer Bruker D8
DISCOVER SUPER SPEED SOLUTION has been pur -
chased two years ago. It is fur nished with the ro tat ing an -
ode TURBO X-RAY SOURCE pro vid ing up to 18 kW of
power. On hand is Cu an ode with line fo cus only. The
Eulerian cra dle and the cool ing stage Anton Paar DCS 350
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Fig ure 1. Lab o ra tory Rotan in the In sti tute of Phys ics, Acad emy of Sci ences of the Czech Re pub lic, v.v.i.



with the tem per a ture range from -100 °C to +350 °C are

avail able, too. The mod u lar con cept (hor i zon tal è/2è 

goniometer, par a bolic Göbel mir ror, two dif fer ent Bartels
mono chro ma tors based on Ge sin gle crys tals, two an a lyz -
ers of the dif fracted beam - the LiF sin gle crys tal  mono -
chro ma tor of the dif fracted beam, and the two-beam
an a lyzer PATHFINDER based on Ge sin gle crys tals, and
the dy namic scin til la tion NaI de tec tor) al lows its us ing for
high-res o lu tion X-ray dif frac tion, X-ray reflectometry,
tex ture and stress anal y ses, and for stan dard pow der dif -
frac tion with the par al lel beam ge om e try. The in ter pre ta -
tion of the ex per i men tal re sults can be made eas ily by the
soft ware pack ages TOPAS for quan ti ta tive phase anal y sis
of polycrystalline ma te ri als and LEPTOS - the uni fied and
self-con tained soft ware for the anal y sis of X-ray
reflectometry, high-res o lu tion X-ray dif frac tion in clud ing
graz ing-in ci dence dif frac tion, and re sid ual stress.

Apart from the new diffractometer, a high-res o lu tion
X-ray goniometer Bede 200 equipped with the tri ple-axis
stage on the de tec tor axis and HUBER goniometer sup -
plied with the par al lel beam ar range ment to gether with the
X-ray sen si tive TV cam era and ap pro pri ate de tec tors are
also avail able. Both last-named goniometers are used with
the 18 kW ro tat ing an ode X-ray gen er a tor Rigaku RU 300
pro duced in 1992. For this fa cil ity sev eral an odes giv ing a
wide range of wave lengths and also sev eral fo cus sizes are
avail able.

We have also a con ven tional X-ray pow der q/q
diffractometer X’Pert PRO from PANalytical which is a
flex i ble in stru ment equipped with Co an ode. The ul tra
rapid X’Celerator de tec tor enables very fast and pre cise
phase anal y sis and size-strain de ter mi na tion. A par a bolic
mir ror and a par al lel plate collimator are use ful pre para -
tives in the case of a rough sam ple sur face, in a study of thin 
lay ers and in the de ter mi na tion of mac ro scopic re sid ual
stresses. The ATC-3 cra dle can un der take tex ture de ter mi -
na tion. This equip ment also en ables the mea sure ment of

mac ro scopic re sid ual stresses in y-ge om e try and par tic u lar 
stud ies of sin gle crys tals. The high tem per a ture cham ber
Anton Paar HTK2000 enables mea sure ment un der vac uum 
10-4 mbar to 2300 °C. The mea sured data are pro cessed by
sev eral soft ware pro grams from X’Pert HighScore Plus
used to phase anal y sis and Rietveld re fine ment, con tin u ing
by pro gram Topas for Rietveld anal y sis en abling a pre cise
de scrip tion of in stru men tal pro files and de ter min ing a
microstrain and a crys tal lite size.

An other pow der diffractometer is fur nished with a
unique high-an gle mono chro ma tor in the pri mary beam. It
con sid er ably nar rows the spec tral in ter val of the X-ray ra -
di a tion and thus en ables the sig nif i cant en hance ment of the
ac cu racy and the an gu lar res o lu tion of dif frac tion line pro -
file mea sure ments. This ar range ment is op er ated by the
high per for mance 3 kW Seifert X-ray gen er a tor
ISO-DEBYFLEX 3003. The crys tal ori en ta tion is per -
formed by the Laue tech nique, the source is the Seifert
X-ray gen er a tor of the same type with W an ode. A free Ori -
ent ex press pro gram is used for in ter pre ta tion.

The joint Lab o ra tory Rotan co op er ates with al most all
sec tions of the in sti tute and con trib utes to fur ther tech no -
log i cal re search in many fields. In this lab o ra tory, the struc -
tural prob lems of var i ous branches of phys ics of con densed 

mat ter are solved in a wide spec trum of ma te ri als by dif fer -
ent and of ten unique X–ray tech niques. There are stud ied
re la tions be tween struc tural prop er ties of ma te ri als, tech -
nol o gies of their prep a ra tion and their me chan i cal, elec tri -
cal, and op ti cal prop er ties and fi nally their suit abil ity for
prac ti cal ap pli ca tion.

We are tak ing part in many pro jects. In the case of
polycrystalline ma te ri als it of ten con cerns the de ter mi na -
tion of the grain size, crys tal phase ra tio, re cently also tex -
ture anal y sis, but pri mar ily the quan ti ta tive phase anal y sis
takes place, most fre quently in the con nec tion with thin
lay ers prep a ra tion.

X-ray phase anal y sis can sub stan tially help dur ing the
pro cess of prep a ra tion of hard and superhard TiN
nanocomposite coat ings both by the low-en ergy ion bom -
bard ment and the excimer la ser ab la tion. The lat ter tech -
nol ogy sup plies us with a lot of sam ples in clud ing
biocompatible ma te ri als and the in flu ence of dif fer ent
growth con di tions could be ob served. On the ba sis of our
mea sure ments the first dem on stra tion of the pos si bil ity to
pre pare the sin gle ther mo elec tric layer with the high fig ure
of merit ZT by la ser ab la tion was given [4]. The re sult is i.a. 
ex plained by the fact that the lay ers con sist of a few cer tain
phases of the Bi2(m+n)Te3n type. We char ac ter ise also ferro -
elec tric lay ers pre pared by the sol-gel method and
nanoscopic ferro elec trics as well as nanoscopic fer ro mag -
netic films. Sys tem at i cal at ten tion is paid to the real struc -
ture of sur face of me chan i cally treated steel as well as
depth gra di ents of mac ro scop i cal strain, crys tal lite size and 
microstrains [5]. Com plex struc tural anal y sis of stresses
caused by sur face ma chin ing of iron ma te ri als were per -
formed by the pre cise and quick phase anal y sis. By the
same method we fol low the changes of martensitic and
austenitic phases in the intermetalic com pounds ex hib it ing
shape mem ory ef fect. The amor phous phase ra tio of metal
glasses, isostructural glasses, crys tals and glass-ce ramic
com pos ites for optoelectrical ap pli ca tions were also de ter -
mined. 

As re gards sin gle crys tal in ves ti ga tions we can use high 
res o lu tion X-ray dif frac tion and X-ray reflectometry. Im -
plicit ad van tage of the high res o lu tion X-ray dif frac tion
con sists in its re mark able sen si tiv ity for ex cep tion ally
small lat tice de for ma tions. We stud ied semi con duc tor
superlattices grown on the in ten tion ally off-cut GaAs sub -
strates. Off-cut an gle as well as lat eral pe ri od ic ity of the in -
ter face steps was iden ti fied. At pres ent a great at ten tion is
paid to GaMnAs (Fig. 2) since - thanks to its unique prop er -
ties - it is a prom is ing ma te rial for pro spec tive spintronic
ap pli ca tions. The de ter mi na tion of Mn atom sites in the
GaMnAs unit cell, which es sen tially af fects prop er ties of
this ma te rial, is the re cent topic of many pro jects [6]. Also
the struc tural in ves ti ga tions of bulk GaN crys tals are in
prog ress. X-ray reflectometry, sur face-sen si tive an a lyt i cal
tech nique used to char ac ter ize sur faces, thin films and
multilayers, is a very use ful tool for the de ter mi na tion of
sur face and in ter face rough ness, av er age multilayer den -
sity, etc. Mainly metal and semi con duc tor multilayers with
im per fect in ter faces are stud ied by this way.

Though very in ten sive X-ray sources are avail able in
the Lab o ra tory Rotan we wel come to join pro jects with the
use of syn chro tron ra di a tion. We per form both nec es sary
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pre lim i nary ex per i ments in the home lab o ra tory and took
part in the syn chro tron ra di a tion ex per i ment it self, usu ally
in ELETTRA or ESRF (Fig. 3). Also new X-ray op tic el e -
ments for use by syn chro tron ra di a tion fa cil i ties are
checked in our lab o ra tory.

The group also co op er ates on de vel op ment of novel
tech niques used in X–ray anal y sis, pres ently for ex am ple
on the de vel op ment of X–ray ho log ra phy with atomic res o -
lu tion [7].
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Fig ure 2. The re cip ro cal space map in the vi cin ity of the sym -
met ri cal (400) re flec tion of GaMnAs / GaAs sam ple with the 49

nm thick layer, CuKa radiation.

Fig ure 3. Com par i son of the ab sorp tion ho lo grams of 300 mm sil i con wa fer ex posed in the Lab o ra tory Rotan by 8 keV (a) and at the syn -
chro tron ra di a tion source Elettra by 14 keV (b).


