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Determination of thickness of polycrystalline thin films by X-ray reflection, X-ray
diffraction and X-ray fluorescence

URCOVANI TLOUS KY POLYKRYSTALICKE TENKE VRSTVY METODAMI RTG.
REFLEXE, DIFRAKCE A FLUORESCENCE

S. Danis', Z. Matgj’, L. Matéjova®, M. Krupka®

"Katedra fyziky kondenzovanych latek, Matematicko fyzikalni fakulta UK, Ke Karlovu 5, Praha
?Vlysoka $kola bériska — Technicka univerzita Ostrava, ti. 17.listopadu, Ostrava - Poruba
3PCS s.r.o0., Na Dvorcich 18, Praha

V laboratorni praxi se b&ézn¢ setkavame s problémem
urCeni tlous ky tenké vrstvy. Metoda prvni volby je zde
rtg. reflektivita (XRR), kterd v pfipadé jedné vrstvy vede
ke snadnému urceni jeji tlou$ ky T (napf. [1]):

2
o, —a; =m2(2kT] , (1)

kde o, je thel dopadu odpovidajici m-tému maximu
tlous kovych oscilaci, m je index oscilace, A je vlinova
délka pouzitého zatfeni a 7 hledana tlous ka vrstvy.

Je-li vSak povrch vrstvy drsny, je aplikace vyse
uvedeného postupu prakticky nemoznd nebo vlivem
narustu difuzniho rozptylu strmé klesa intenzita spekularné
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Obrazek 1. Zaznam rtg.reflektivity pro tenkou vrstvu chromu na
skle (nahote), urceni tlou§ ky vrstvy pomoci (1), dole.
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Obrazek 2. Pokles intenzity reflektovaného rtg.zareni vlivem

drsnosti vrstvy (o1) a substratu a (os). U polykrystalickych vrstev
muze stfedni drsnost nabyvat hodnot i desitek nm, coz vede az k
potlaceni tlous kovych oscilaci.

odrazen¢ho zareni. Jsme schopni nanejvyse odhadnout
hodnotu kritického tihlu o, viz obr. 2.

Dalsi metodou, kterd ndm muiize pomoci urcit tlous ku
tenké vrstvy je rtg.difrakce. Je nutné mit material tenké
vrstvy krystalicky, coz je oproti metod¢ rentgenové reflexe
jisté omezeni. Podobné jako v pripadé rtg.reflektivity i zde
musime pouzit malé thly dopadu nebo odrazu abychom
ozafili co nejveétsi objem vrstvy.

V literatufe se metody pouzivajici teény dopad
rtg.zafeni (grazing incidence, GI) popisuji naptiklad v [2] a
[3], i kdyZ nejsou primarné urCeny ke zjisténi tlous ky
vrstvy. Intenzity difraktovaného zafeni jsou pocitany
pomoci teorie DBWA. V pfipad¢ pouziti synchrotro-
nového zafeni je mozné naptiklad urcit velikosti nano-
castic v tenké vrstve, popiipadé zjistit drsnosti rozhranni
[2]. Metoda GI ma urcitou nevyhodu — vlivem tecného
dopadu je primarni svazek “rozmazan” na velké plose a
mize se stat, ze pro urcité thly dopadu je ozatena plocha
vEétsi, nez plocha zkoumaného vzorku.

Tuto nevyhodu odstranuje metoda vyuzivajici te¢ny
odchod difraktovaného zafeni (grazing exit, GE), popsana
autory v [4]. Tato metoda umoznuje urcit tlous ku tenké
vrstvy a také index lomu, z n¢hoz Ize odhadnout hustotu
(’porozitu”) materialu vrstvy. Vliv tlous ky tenké vrstvy a
jeji hustoty (porozity) je ukazan na obrazku 3, kde lze
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Obrazek 3. Simulovana integralni intenzita difrakéni linie 101
anatasu pro ruzné tlous ky v GE geometrii. Pro tlous ku 48nm
jsou spoctené dvé kiivky, druhd s poloviéni hodnotou indexu
lomu, resp. hustotou.

pozorovat znatelny posun intenzity difrakéni linie v
zévislosti na thlu vystupu vlivem zmény hustoty.

Tteti metodou, kterou lze pouzit ke zjisténi tlous ky
tenké vrstvy (nebo jeji hustoty) je metoda rtg. fluorescence
(XRF). Pro urceni tlous ky lze pouzit zeslabeni intenzity
vybuzené spektralni linie prvku substratu nebo naopak
nartst intenzity spektralnich linii prvkd tenké vrstvy.
Pokud neni znama tlou§ ka tenké vrstvy, je mozné urcit z
intenzit spektralnich ¢ar jeji plosnou hustotu (naptiklad v
mg/cm2) a poté, ze znalosti skute¢né hustoty (napfiklad z
rtg.reflektivity), zjistit tlous ku.

Na obrazku 4 jsou uvedeny spektralni zdznamy pro
substrat (Na-Ca sklo) a Ctyii vzorky tenké vrstvy TiO,
rizné tlous ky. Nejmensi tlou$ ka odpovida vzorku
oznacenému lv, nejvetsi v4. Je patrny pokles intenzity
spektralni linie CaKa (substrat) vlivem absorpce v tenké
vrstveé a narust intenzity spektralni linie TiKo (vrstva).

Pro stanoveni tlou§ ky je potieba zjistit skutecnou
hustotu, napiiklad metodou rtg.reflektivity (z hodnoty
kritického uhlu) nebo difrakce (z posunu polohy difrakéni
linie vlivem refrakce).
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Obrazek 4. Zména intenzit spektralnich linii CaKa (sklenény

substrat) a TiKa (vrstva) v zavislosti na tlous ce tenké vrstvy (1v
je nejtenci, 4v nejtlustsi).
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Obrazek 5. Porovnani tlous ek tenkych vrstev metodou XRR a
XRF. Z XRR byla ur¢ena hustota vrstvy (z indexu lomu) a z XRF
pak uréena tlou§ ka. Vlivem razné porozity (hustoty) tfech
riznych typl vrstev je pro kazdou sérii tlous kova zavislost
intenzity spektralni linie TiKo rizna.
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MEASUREMENT OF LATTICE PARTAMETERS OF SINGLE CRYSTALS AND THIN
LAYERS

J. Drahokoupil', Petr Veitat?, Kristina Richterova’, Frantisek Laufek’

'Institute of Physics AS CR, Na Slovance 2, Prague 8, 182 21, Czech Republic
2Faculty of Nuclear Sciences and Physical Engineering CTU, Trojanova 13, Prague 2 120 00,
Czech Republic
draho@fzu.cz

The precise measurement of lattice parameters plays an im-
portant role in determination a temperature of phase transi-
tions or coefficients of thermal expansions. Usually it is
performed on a powder or a bulk sample. Although the
measurement of single crystal shows some complications,
it has also many advantages. Firstly, the diffraction maxi-
mum of single crystal is narrower. Secondly, it can be usu-
ally measured to the higher diffraction angles because the
Bragg peak overlap is not present there. Hence, the deter-
mination of d-spacing is more precise and consequently
more precise lattice parameters can be obtained.

The following experimental setup was used: X Pert
PRO diffractometer with Co tube, parallel beam mirror in
primary beam and parallel plate collimator (0,09°) in dif-
fracted beam. The ATC-3 cradle equipped with the Peltier
element was used for alignment of the sample and tempera-
ture controlling.

The measurements of lattice parameters on perfect Si
single crystal, nice SmScO; and TbScO; crystals, non-ideal
Ni-Mn-Ga crystals and SrTiOj; thin layer on DyScO; sub-
strate will be presented.
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Figure 1. Diffraction 333 of Si single crystal. Top view (top),
side view (bottom) with particular 20-m scan for fix offset.

Data processing

The diffraction maximum 333 of Si single crystal was care-
fully measured by two-axis scan with fine step in 26 and o,
see Fig 1. Every 20-o scan was fitted separately. The maxi-
mal intensity and its position of observed peak are pre-
sented in Fig. 2. It can be seen that around the maximum the
position of peak depends linearly on offset (or ®). In order
to reduce the measurement time, the exact position of dif-
fraction maximum was obtained by simple extrapolation
from two-axis scan with a coarser step in 0. In our case, we
used parabolic extrapolation from three points around the
scan with a maximal intensity.

The data processing was tested on the Si crystal. The 41
diffractions were measured, for every one 21 different
20-o scans with a fixed offset. The lattice parameter was
then refined using all 41 diffractions with an average error
of 0,004° 26; the largest difference was 0,015° 20.
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Figure 2. The properties of diffraction maximum: maximal in-
tensity (top) of particular 26-m scan (bottom) its position.
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ADVANCES IN X-RAY CRYSTALLOGRAPHY

Marcus J. Winter

Agilent Technologies, Yarnton, Oxfordshire, U.K.
marcus.winter@agilent.com

Agilent Technologies (XRD) — formerly Oxford Diffrac-
tion, has made some of the most notable advances in X-ray
crystallography over recent years. These include the adap-
tion of graded focussing / monochromating X-ray mirrors
to ‘conventional’ fine focus X-ray sources - to achieve the
high brilliance Enhance Ultra (Cu) X-ray source.

Further advances in X-ray source design are marked by
the Mova (Mo) and Nova (Cu) microfocus X-ray sources:
whilst operating at low powers (typically 40 — 50 W), these
sources achieve X-ray brightnesses considerably higher
than is possible using 2 — 3 kW fine focus X-ray tubes, and
comparable with rotating anode — type sources.

In parallel with X-ray source breakthroughs, CCD area
detector technology has been considerably improved: for
instance with the Eos S2 (Smart Sensitivity) and Atlas S2
CCD detectors. The Eos is the highest sensitivity CCD de-

CL2

tector which is commercially available — with a gain of 400
electrons per Mo photon, rapid read-out and 18-bit dy-
namic range. The much superior dark current (back-
ground) and read-out noise characteristics of CCD
detectors mean that they considerably outperform the inte-
grating CMOS detector technology.

The benefits of these developments in X-ray source and
detector technologies and in the CrysAlis”” data-collection
and data-analysis software suite will be illustrated through
examples from a number of applications.

As a further valuable assistance to the crystallographer,
the PX Scanner has been established: this is for the evalua-
tion of the X-ray diffraction properties of crystals directly
in situ in crystallisation plates: whilst the (putative) crystals
are still growing in their mother liquor. Some applications
of the PX Scanner system will be summarised.

XRD NEWS FROM PANALYTICAL

Stjepan Prugovecki, Jan Gertenbach
PANalytical B.V., Almelo, The Netherlands

The “standard” powder diffraction is still by far the
most common application of modern diffractometer plat-
forms. The demands for higher intensities, lower back-
ground, easiness of use, etc. are increasing, pushing the
instrument manufacturers for continuous development of
new or improved configurations, modules and software. In
this talk we shall present and illustrate applicability of a
new Bragg-Brentano"" optical module and new function-
alities implemented in the recent release 4.0 of the
HighScore Plus software.

Bragg-Brentano™” is a new incident beam optical mod-
ule, significantly reducing background, improving peak/
background ratio and increases intensity in powder diffrac-
tion application. Bragg-Brentano'” module is also suitable
for SAXS and X-ray reflectivity. Examples and compari-
sons with other optical modules will be shown.

New functionalities of the HighScore Plus package will
be shown and explained , in particularly the Partial
Least-Squares Regression (PLSR) module.
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UPGRADING HOME-LAB X-RAY DIFFRACTOMETERS WITH INCOATEC'S UNIQUE
MICROFOCUS SOURCE

A. Beerlink, J. Graf, J. Wiesmann, C. Michaelsen

Incoatec GmbH, Max-Planck-Strasse 2, 21502 Geesthacht, Germany. sales@incoatec.de

Modern  microfocus X-ray sources define the
state-of-the-art for a broad spectrum of applications in
home laboratories, such as protein and small molecule
crystallography, and small-angle scattering. These sources
are combined with multilayer Montel optics to image the
source spot onto the sample. These optics provide a parallel
or focused monochromatic X-ray beam, magnified to a
suitable size.

Low power sealed microfocus sources, such as
Incoatec’s IuS represent an attractive alternative to rotating
anodes, with a significant reduction in cost and mainte-
nance. Power loads of a few kW/mm? in anode spot sizes
below 50 pum deliver a compact brilliant beam. For exam-
ple, the IuS HighBrilliance delivers more than 10" pho-
tons/s/mm’ with spot sizes in the 100um range. It is
available for Cu, Mo, Ag, Cr and Co anodes. Since the
launch in 2006 nearly 500 IuS systems are now in opera-

tion worldwide for a large variety of applications in biol-
ogy, chemistry, physics and material science.

Are you tired of getting spare parts for an ancient rotat-
ing anode or is your detector performance only limited by
your beam delivery system that lacks intensity?

We will demonstrate how to bring former high end
diffractometers back to a superb performance for cutting
edge science after an upgrade with a high performance 1S
source. Incoatec ensures full software and safety integra-
tion, and an installation hand in hand with your local ser-
vice responsible, providing a constant service support from
your partners on site.

In addition to all Bruker or Nonius systems, Incoatec
also offers integrations into a wide range of instruments
from Rigaku, Marresearch, or STOE, also with Dectris or
Huber components.
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