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A brief his tory of an X-ray lab o ra tory of Con sor tium
MULTIDISC founded by sev eral in sti tutes of the Slo vak
Acad emy of Sci ences is out lined. The diffractometer
Bruker D8 DISCOVER with ro tat ing an ode lo cated in the
lab o ra tory is de scribed. A se lec tion of rep re sen ta tive re -
sults is in tro duced to show a wide scope of ap pli ca tions of
the diffractometer cov er ing dif fer ent types of struc tural
anal y ses.

In tro ducti on

The his tory of our X-ray lab o ra tory with ro tat ing an ode
started in 2005 when the Con sor tium for multidisciplinary
re search of ma te ri als MULTIDISC was es tab lished. At
pres ent, four in sti tutes of the Slo vak Acad emy of Sci ences
– In sti tute of Phys ics (IP), In sti tute of Elec tri cal En gi neer -
ing (IEE), In sti tute of In or ganic Chem is try (IACH) and In -
sti tute of Ma te ri als & Ma chine Me chan ics (IMMM)
par tic i pate in the Con sor tium with full mem ber ship. One
in sti tute – In sti tute of Mea sure ments (IM) is joined as an
as so ci ated mem ber. The first ac tiv ity of the Con sor tium
was to es tab lish an X-ray lab o ra tory equipped with a high
power X-ray source suit able for thin film anal y ses. It was
con cluded that an X-ray tube with ro tat ing an ode is the so -
lu tion that meets the most of the re quire ments of the Con -
sor tium mem bers. The diffractometer Bruker D8
DISCOVER SSS was de liv ered in De cem ber 2005, be ing
the first X-ray gen er a tor with ro tat ing an ode in stalled in
Slovakia. It was com mis sioned in Feb ru ary 2006. The new
X-ray lab o ra tory is lo cated at the IM of SAS.

In stru men tati on

The X-ray tube with ro tat ing Cu an ode (line fo cus 10 x 0.5
mm) is de signed for the max i mum power of 18 kW, but in
prac tice 12 kW is used for all mea sure ments. The Göbel
mir ror at tached to the body of the tube de liv ers a quasi-par -
al lel pri mary beam 1.2 mm wide and with a di ver gence of

~ 0.03°. This so lu tion is suited for thin film anal y ses but ex -
cludes the pos si bil ity to change the set-up to Bragg-
 Brentano ge om e try. The au to matic ab sorber (4 val ues of
ab sorp tion fac tor) en ables to mea sure the in ten si ties over 9
or ders of mag ni tude. The cen tral Eulerian cra dle al lows to
per form tex ture and stress anal y sis. A pre cise sam ple align -
ment is sup ported by mo tor ized sam ple stage (X, Y
in-plane shifts by +/- 40 mm, Z shift ranges from -1 to
+2 mm). The ra di a tion is col lected by a NaI(Tl) scin til la -
tion point de tec tor. The diffractometer de sign is mod u lar
with a 4-bounce Bartels mono chro ma tor for the pri mary
beam with two Ge(022) chan nel-cut crys tals, a path finder
for the dif fracted beam switch ing au to mat i cally be tween a

slit and a 3-bounce Ge(022) chan nel-cut crys tal an a lyzer,

two Soller slits (0.12° and 0.35° di ver gence) for coplanar
graz ing in ci dence dif frac tion, a LiF mono chro ma tor for
sup pres sion of sam ple flu o res cence and a knife-edge
collimator for re flec tivity mea sure ments. Polycrystalline
dif frac tion in sym met ri cal (SymD) and graz ing in ci dence
(GID) ge om e tries, high-res o lu tion dif frac tion (HRD),
stress, tex ture and (non-)spec u lar re flec tivity (XRR) mea -
sure ments with eval u a tion soft ware pack ages from Bruker
are available.

Ope rati on and ex plo i tati on of the la bo ra to ry 

The op er at ing staff of the lab o ra tory has only two mem -
bers, E. Dobroèka (IEE SAS) and M. Jergel (IP SAS). The
work for the other two in sti tutes of the Con sor tium is per -
formed by E. Dobroèka.

As men tioned above, the pri mary task of the lab o ra tory
is anal y ses of thin films pre pared by var i ous de po si tion
tech nol o gies. This re quire ment af fected con sid er ably the
ba sic set-up and the se lec tion of the op ti cal el e ments of the
diffractometer. As a con se quence, Bragg-Brentano ge om e -
try is im pos si ble due to the fixed Göbel mir ror, ag gra vat ing 
thus in ves ti ga tions of bulk polycrystalline ma te ri als. This
can be seen in Ta ble 1 where the op er at ing hours-per-year
of the diffractometer are shown for all four in sti tutes. Two
in sti tutes clearly dom i nate in the ex ploi ta tion of the
diffractometer which is in agree ment with their re search
field fo cused on thin film tech nol o gies. Nev er the less, the
high power of the X-ray tube partly mit i gates ab sence of
the ben e fits of Bragg-Brentano ge om e try for
polycrystalline sam ples and ren ders the diffractometer
very use ful also for IACH and IMMM. A di vi sion across
par tic u lar De part ments of the main meth ods used is the fol -
low ing: 

De part ment of Multilayers and Nanostructures (IP): 
XRR, dif fuse scat ter ing, GID. 
De part ment of Metal Phys ics (IP): SymD, GID, stress.
De part ment of Thin Ox ide Films (IEE): XRR, GID, 
HRD.
De part ment of Optoelectronics (IEE): HRD, tex ture.
De part ment of Cryoelectronics (IEE): tex ture.
De part ment of Su per con duc tor Phys ics (IEE): SymD, 
GID.
De part ment of Semi con duc tor Tech nol ogy and 

Di ag nos tics (IEE): GID, HRD.
De part ment of Ce ram ics (IACH): SymD, GID.
De part ment of Hydrosilicates (IACH): SymD.
De part ment of Prop er ties of Ma te ri als & Struc tures 
(IMMM): SymD, GID.
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De part ment of Microstructure of Sur faces & In ter faces 
(IMMM): SymD, GID.  

Exam ples of re sults

The list of De part ments us ing the ser vices of our X-ray lab -
o ra tory proves that its re search scope is wide. Dur ing the
whole op er a tion pe riod of the diffractometer, a vast num -
ber of re sults from var i ous sci en tific fields was ob tained. In 
the fol low ing we pres ent just a few ex am ples of mea sure -
ments that we con sider to be ei ther in ter est ing due to sur -
pris ing re sults or il lus tra tive to show the ca pa bil i ties and
flex i bil ity of the diffractometer. A com pre hen sive anal y sis
and in ter pre ta tion of the re sults is out of the scope of this
con tri bu tion and was (or will be) pub lished else where.

Tex tu re ana ly sis of YBa CuO su per con ductor films
grown on GaN

Ac tive and pas sive el e ments based on III-V and III-N semi -
con duct ing ma te ri als are very ef fi cient at the liq uid ni tro -
gen tem per a ture which gives a pos si bil ity of the in te gra tion 
of pas sive high-tem per a ture su per con duc tor (HTS) de -
vices with ac tive GaAs and GaN de vices in the form of
milimeter-wave de vices. A di rect growth of the HTS thin
films on the GaAs, how ever, can cause dam age to the GaAs 
sub strate. This is the rea son to ex am ine the pos si bil i ties of
the YBaCuO de po si tion on the hex ag o nal GaN sub strate.

The YBaCuO HTS thin films on c-ori ented GaN/sap -
phire sub strates were grown at the De part ment of
Cryoelectronics of IEE [1]. Two kinds of sam ples were
pre pared. In the first set the YBaCuO film was grown di -
rectly on the GaN/sap phire sub strate. In the sec ond set a
[111]-ori ented MgO buffer layer was in serted be tween the
GaN/sap phire sub strate and the YBaCuO film as a dif fu -
sion bar rier.

The tex ture of both types of sam ples was an a lyzed in
our X-ray lab o ra tory. The aim of the anal y sis was to de ter -
mine the de gree of pre ferred ori en ta tion of the YBaCuO
blocks with re spect to the sam ple sur face nor mal and to
find a pos si ble ef fect of the MgO buffer layer on the struc -
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2006 2007 2008 2009

In sti tu te hours % hours % hours % hours %

IP 849 59 293 23 1101 57 738 44

IEE 542 38 831 64 451 23 639 38

IACH 20 1 71 6 160 8 130 8

IMMM 31 2 91 7 220 12 167 10

To tal in year 1442 100 1286 100 1932 100 1674 100

Ta ble 1. Ex ploi ta tion of the diffractometer Bruker D8 DISCOVER SSS dur ing the pe riod 2006-2009. In the col umns “hours”, the
mea sure ment times uti lized by in di vid ual in sti tutes are given. The col umns “%” show the frac tions of the to tal num ber of hours per
year for in di vid ual institutes.

Fig ure 2. Pole fig ure (103) of YBaCuO layer grown di rectly on

GaN/sap phire sub strate. The range of an gle c is 30 – 60°.

Fig ure 3.  Pole fig ure (103) of YBaCuO layer grown on MgO
buffer layer de pos ited on GaN/sap phire sub strate. The range of

an gle c is 40 – 50°.



tural qual ity of the HTS films. In Figs. 1 and 2, the (103)
pole fig ures of YBaCuO films grown with out and with the
MgO buffer layer, re spec tively, are com pared. For the sake
of sim plic ity, here we do not dis tin guish be tween the (103)
and (013) planes of the orthorhombic YBaCuO lat tice due
to their sim i lar interplanar dis tances. The an gle be tween
these planes and the c-axis of the YBaCuO lat tice is ~45°.¨

In both fig ures 12 strong and 12 weak max ima can be
rec og nized. While in the sam ple with MgO buffer layer all

max ima are lo cal ized around the c an gle ~45°, in the sam -
ple with out buffer layer the stron gest max ima are at wrong
po si tions in di cat ing that the most of the crys tal lites have
their c-axis in clined with re spect to the sub strate nor mal.
The in-plane sym me try of both pole fig ures re flects the
com bined three-fold sym me try of the (001) GaN or (111)
MgO sur face and the four-fold one (con sid er ing the
YBaCuO lat tice to be al most tetragonal) of the YBaCuO
crys tal lites. We can con clude that the MgO buffer layer im -
proves the struc tural qual ity as well as the super con duct ing
prop er ties of the HTS films grown on GaN/sap phire sub -
strates.

Pre ci pi tati on of MnAs in InAs epi ta xial films

The in cor po ra tion of man ga nese in InAs semi con duc tor
can pro vide a spintronic ma te rial. If the con tent of Mn ex -
ceeds a cer tain value, pre cip i ta tion of MnAs phase within
the InAs epitaxial layer oc curs. As the MnAs par ti cles are
hex ag o nal, in ter est ing ori en ta tion re la tion ship be tween the
MnAs lat tice and the cu bic ma trix can be ex pected. It is as -
sumed that the c-axis of MnAs lat tice is per pen dic u lar to
the {111} planes of the InAs ma trix. How ever, the dif frac -

tion (102) of MnAs is usu ally vis i ble in the stan dard 2q/q
dif frac tion pat terns in di cat ing that pre cip i tates of dif fer ent
ori en ta tions are also pres ent in the InAs layer.

The Mn-doped InAs epitaxial lay ers grown on (001)
GaAs sub strates were pre pared at the De part ment of
Optoelectronics of IEE [2]. We have an a lyzed a se ries of
sam ples with var i ous con tent of Mn but we have found

only quan ti ta tive dif fer ences con cern ing the ori en ta tion
dis tri bu tion of the MnAs pre cip i tates. A typ i cal pole fig ure
(102) of MnAs pre cip i tates is shown in Fig. 5. The strong

max ima at the pe riph ery (c = 45°) of the fig ure are caused
by the {220} planes of the InAs lat tice that have nearly the
same interplanar dis tance as the planes {102} of MnAs.
Sur pris ingly, the fig ure does not have the ex pected
four-fold sym me try. The c-axes of MnAs pre cip i tates are
strongly con fined to the (110) and (1-10) planes of the InAs 
lat tice, but their ori en ta tion dis tri bu tion within these planes 
is dif fer ent. This dif fer ence is even more vis i ble in Fig. 5,

where the (102) MnAs c scans to ward the [110] and [1-10]
di rec tions of the InAs ma trix are com pared. The re vealed
asym me try of the ori en ta tion dis tri bu tion of MnAs par ti -
cles is a di rect con se quence of the po lar ity of zinc-blende
struc ture and is prob a bly af fected by the mech a nism of the
epitaxial growth of III-V com pound semi con duc tors.

Spa ti al ly re sol ved diffracti on

In the past years a num ber of stud ies have been pub lished
on var i ous as pects of the re ac tions be tween Sn-Ag, Sn-Cu
and Sn-Ag-Cu al loys and var i ous sub strates. Re ac tion be -
tween Sn in these mol ten sol ders and Cu sub strate at the
Cu/sol der in ter face re sults in the for ma tion of Cu6Sn5 and
Cu3Sn phases. At the De part ment of Microstructure of Sur -
faces & In ter faces of IMMM the in flu ence of in dium ad di -
tion to SnAgCu sol der on the microstructure of the
in ter face be tween sol der and cup per sub strate was stud ied
[3]. Our X-ray lab o ra tory was in volved in this anal y sis
with the aim to re veal the spa tial dis tri bu tion of the phases
with re spect to the sol der/Cu in ter face.

In or der to solve this prob lem, a mod i fi ca tion of the
graz ing in ci dence set-up was em ployed. The fixed in ci -
dence an gle en sured that the width of the ir ra di ated area
and the pen e tra tion depth did not vary dur ing the mea sure -
ment and the anal y sis of the re sults was sim pli fied. How -
ever in con trast to con ven tional GID, the an gle of
in ci dence has been set to 20°. The pri mary beam was lim -
ited by slits to 0.1 x 6 mm size, hence the width of the ir ra -
di ated area was suf fi ciently nar row (~0.3 mm) pro vid ing a
good spa tial res o lu tion. The sol der/Cu in ter face was care -
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Fig ure 4. Pole fig ure (102) of MnAs pre cip i tates in In(Mn)As

epitaxial layer.  The range of an gle c is 0 – 50°.
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Fig ure 5. c scans of  MnAs (102) dif frac tion to ward two per pen -
dic u lar directions [110] and [1-10] of the InAs layer lat tice.



fully ad justed to be par al lel to the goniometer axis. At these 
con di tions, a se ries of de tec tor scans in the range 25 - 100°
was re corded at 10 dif fer ent po si tions across the in ter face.
The trans la tion par al lel to the sam ple sur face and per pen -
dic u lar to the in ter face ranged from -0.3 (in Cu sub strate) to 
1.05 mm with a step of 0.15 mm. In or der to max i mize the
de tected in ten sity, the Soller slit usu ally used for GID mea -
sure ments was not in serted into the dif fracted beam. The
good an gu lar res o lu tion was pre served ow ing to the small
width of the dif fracted beam. The vari a tion of dif fracted in -
ten si ties across the in ter face is shown in Fig. 6 where all ten 
de tec tor scans are vi su al ized in a 3D view. The first scan
cor re sponds to the po si tion of -0.3 mm. The de tailed anal y -
sis has been done by in spec tion of in di vid ual scans.

Testing of V-sha ped GeSi mo nochro ma tors

In stan dard (220) X-ray beam com press ing mono chro ma -

tors for Cu Ka ra di a tion, a to tal beam com pres sion up to
the fac tor of 10 can be achieved by V-shaped mono chro ma -
tors pre pared from a pure ger ma nium sin gle crys tal. A
higher fac tor of com pres sion is pos si ble us ing larger an gles 

of asym me try. How ever, the to tal in ten sity of the beam is
con sid er ably de creased due to the re frac tion ef fect. One
pos si bil ity to over come this draw back is to use graded
GeSi sin gle crys tal in stead of a pure one. 

At the De part ment of Semi con duc tor Tech nol ogy and
Di ag nos tics of IEE V-chan nel X-ray mono chro ma tor with
asym me try fac tor of 21 was pre pared us ing a lin early
graded GeSi sin gle crys tal. Rock ing curves of the mono -
chro ma tor were mea sured in our X-ray lab o ra tory in stan -
dard and HRD set-ups. The re sults were com pared with
those ob tained from the ref er ence (pure Ge) mono chro ma -
tor hav ing the same de sign, as well as from the sym met ri cal 
chan nel cut Ge (220) mono chro ma tor. The set-up of HRD
mea sure ment is shown in Fig. 7. The width and the height
of the pri mary beam was lim ited by 0.05 mm and 2.0 mm
slits. 

On the ba sis of our mea sure ments we con cluded that
the in ten sity loss due to the re frac tion ef fect, that takes
place in the case of V-chan nel mono chro ma tors, can be
com pen sated by the com po si tion grad ing of the par ent sin -
gle crys tal of the mono chro ma tor. In the case of graded
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Fig ure 6. 3D view of a set of de tec tor scans re corded at 10 dif fer ent po si tions across the
SnAgCuIn sol der/Cu in ter face. Graph i cal out put of the eval u a tion soft ware EVA (Bruker).

Fig ure 7. Scheme of the high-res o lu tion set-up. In the cir cles in lower part of the fig ure, the top views of the sam ples and the beam traces 
are shown for 5 dif fer ent types of mea sure ment.



GeSi mono chro ma tor with the asym me try fac tor of 21,
more than three times higher in ten sity was ob tained in
com par i son with the ref er ence mono chro ma tor having the
same design [4].

HRD – li near scans in re ci pro cal spa ce

The PC con trol of the up to date diffractometers en ables to
per form lin ear scans in re cip ro cal space that can be use ful
for the anal y sis of lat tice mis match of epitaxial films. For
high qual ity semi con duc tor com pounds the lat tice mis -
match is of the or der of 0.1 % or less and the asym met ric
dif frac tions can eas ily be mea sured by stan dard an gu lar
scans. How ever, in some ad vanced tech nol o gies epitaxial
lay ers with lat tice mis match ex ceed ing 1 % are of ten used.
In this case, the layer dif frac tions are too far from the sub -
strate ones and the an gu lar scans are in ap pli ca ble for mea -
sur ing the asym met ric dif frac tions. In stead of per form ing a 
com plete map of an area in the re cip ro cal space, lin ear
scans can be used to find the layer peaks.

At the De part ment of Thin Ox ide Films of  IEE,
InAlN/GaN/AlN/sap phire heterostructures are stud ied [5].
This sys tem can serve as a good ex am ple for dem on strat ing 

the ad van tage of lin ear scans. In Figs. 8 and 9 2q/w scans of 
sym met ri cal (004) and two asym met rical (114) dif frac tions 

are shown, re spec tively. The lat tice mis match be tween
InAlN, AlN and GaN is rather large and the peaks of InAlN 
and AlN lay ers are missed in asym met ri cal scans. How -
ever, their po si tion can be de ter mined by lin ear scans as
shown in Figs. 9 and 10.

Firstly, the l co or di nate of the layer peaks are read-out
from the l scan across the (004) point (Fig. 9). The h scans
per formed with these val ues of the l co or di nate at the asym -
met ri cal point (114) re vealed a per fect lat eral match be -
tween GaN and InAlN and the shift of the AlN peak by
2.5 % with re spect to GaN. All curves ex cept for the h scan
at l = 4.00 (Fig. 10) were mea sured with out the analyzer
crystal.
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Fig ure 8. Sym met ri cal 2q/w scans of GaN (004) dif frac tion for
three sam ples with dif fer ent In con tent.
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Fig ure 10. Lin ear l scans through (004) and (114) points of GaN
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