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Tento piispévek je soucasti badani na grantu vénovanému
vztahu makro a mikronapjatosti. Pozornost je zde
vénovana péti ocelim :

A. 12 050-0,5% C

B. 14 220 - Mn-Cr

C. 17 135 - Cr-Mo specialni korozivzdorna ocel

D. 19 313 - typicky material pro fezné nastroje

E. 19 852 - rychlotfezna, Mo-W-Co ocel,
opracovanych dvémi riznymi zptisoby kulickovani, lisici
se intenzitou dopadajicich ¢astic (0,2 mmA, 0,4 mmA). Pro
méfeni difrakénich dat byl pouzit o — difraktometr a rent-
gentka s chromovou anodou.

Pro kazdou kombinaci materidlu a intenzitu baloti-
novani byly pfipraveny 3 vzorky. U kazdého bylo
naméteno 18 difrakénich profilt linie 211 vzdy pro rizné
uhly vy, ¢ (=0, ...,63°% @=0°a180°) [1], pro material A
byli jeSté zméteny profily i pro thly ¢ = 90° a 270°.
Celkem bylo zpracovano 810 profilt.

Pozornost byla vénovédna ptredevSim makronapéti,
mikrodeformaci a velikosti &astic, obr. 1,2. Difrakéni
profily byly fitovany funkci Pearson VII. Hodnota makro-
napéti byla uréena metodou sin*y [1]. Velikost ¢astic a
mikrodeformace byli ur¢eny metodou tvarového faktoru
[2]. Pozornost byla vénovana také korelacim mezi témito
parametry a také korelacim mezi jednotlivymi parametry
profild.

U vsech vzorkd byl pozorovan homogenni, dvojosy
stav zbytkovych makroskopickych napéti. Linearita zavis-
losti deformace na sin® y byla velmi dobie splnéna. Vzorky
s vetsi intenzitou opracovani maji vétsi hodnoty mikro-
deformaci, mensi zrna a v povrchové vrstve byli naméfeny
mensi hodnoty makronapéti. Byla pozorovana jista zavis-
lost velikosti ¢astic a mikrodeformace na uhlu v, obr. 3.
Bylo vybrano nékolik parametrii profilu a jejich kombi-
naci a byly spocteny vzajemné korelace. Pokud byly pozo-
rovany n¢jaké odliSnosti v hodnotach korelaci, tykaly se
spiSe ruznych materiald, obr. 4.
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Obr. 1. Velikost ¢astic.
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Obr. 2. Parametricky graf makronapéti a mikrodeformace.
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A.B.P. Vogels, J. Appl. Cryst. 15 (1982) 308-314.

The research was supported by the Grant Agency of the
Czech Republic (Grant No 106/03/1039) and by the Re-
search Project AVOZ1000520 granted by the Academy of
Sciences of the Czech Republic.

© Krystalograficka spole¢nost



&

Materials Structure, vol. 12, no. 2 (2005)

134 Structure 2005
22.0
20.0 4 o 0]
C
= 180 - 5. 00
) o c O
v 160 Y
14.0
0.0 0.2 0.4 0.6 0.8
sin?

Obr. 3. Zavislost mikrodeformace na thlu y, primér pres
vSechny vzorky.
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Obr. 4. Korelace linearniho ¢lenu pozadi s Cachyho slozkou
integralni siiky.
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Shape memory alloys (SMA) exhibit unique thermo-
mechanical behaviors due to thermoelastic martensitic
transformations (MT) driven by external stresses or tem-
perature. Physical and structural understanding of M T pro-
cesses enable to improve the unique properties such as
superelasticity, superplasticity and shape memory.

The most important applications has Nitinol - approxi-
mately equiatomic Ti-Ni alloy (commercially called
Nitinol). The high temperature parent phase of NiTi alloys
has B2 type ordered cubic structure that transforms to B19’
monoclinic martensite phase by cooling or applied stress.
Following suitable termomechanical treatments, the MT in
NiTi may proceed as two step B2-R-B19’. The intermedi-
ate R-phase has rhombohedral structure differing only
slightly from the B2 by rhombohedral distortion. The B2-R
transformation exhibits very small transformation strain
and hysteresis compared to the B2-B19’ transformation.

The activity of B2-R transformation, wich is rather dif-
ficult to recognize in a simple mechanical test on NiTi
wires, were detected by in-situ ultrasonic and electric re-
sistance measurement based on anomalous behavior of
speed and attenuation of ultrasonic waves related with

R-phase deformation/transformation processes [1]. Struc-
ture sensitive information were obtained by in-situ neutron
diffraction.

Another important group of SMA - Cu based alloys
were also investigated. A detailed analysis of the changes
in elastic properties associated with [3; austenite - y’;(2H)
martensite transformation in CuAINi were performed [2,
3].

[1] LANDA, M. - SEDLAK, P. - MARSIK, F. - SITTNER, P.
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[2] SEDLAK, P. - SEINER, H. - LANDA, M. - NOVAK, V. -
SITTNER, P. - MANOSA, LL.: Elastic constants of bcc
austenite and 2H orthorhombic martensite in CuAINi
shape memory alloy, Acta Materialia (2005) in print.

[3] LANDA, M. - NOVAK, V. - SEDLAK, P. - SITTNER, P.:
Ultrasonics Characterization of Cu-Al-Ni Single Crystals
Lattice Stability in the Vicinity of the Phase Transition,
Ultrasonics, Vol.42, 2004, pp. 519-526.

© Krystalograficka spole¢nost



Materials Structure, vol. 12, no. 2 (2005)

135

S5

X-RAY DIFFRACTION FROM POLYCRYSTALLINE MULTILAYERS WITH FLAT
INTERFACES IN GRAZING-INCIDENCE GEOMETRY

P. F. Fewster', N. L. Andrew’, V. Holy? K. Barmak®, J. Krémar*

7PANa/ytical Research Centre, Sussex Innovation Centre, Falmer, Brighton, UK
2Department of Physics of Electronic Structures, Charles University, Prague, Czech Republic
3Department of Materials Science and Engineering, Carnegie Mellon University, Pittsburgh, U.S.A.
*Institute of Condensed Matter Physics, Masaryk University, Brno, Czech Republic

See page 102.

S6
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V dnesni dobé¢ vyrazné vzristd vyznam nanokrystalickych
materiall. Je to disledkem jejich unikéatnich fyzikalnich a
chemickych vlastnosti, které jsou odrazem krystalové
struktury a mikrostruktury materialu. Mezi nanokrys-
talické materialy majici dialezitd pramyslova uplatnéni,
patii materialy vytvarejici nanostrukturni svétlem induko-
vané fotoaktivni povrchy se samocisticimi a desinfekénimi
vlastnostmi. Zastupcem téchto fotoaktivnich materiald je i
(nano)krystalicky TiO,. Fotokatalyticka aktivita TiO,
umoziuje oxidacni dekompozici organickych struktur,
véetné bakterii, plisobenim ultrafialového zafeni za poko-
jové teploty. Vysledkem je rozklad vSech organickych
latek do elementarnich inorganickych slozek. Dalsi dile-
zitou vlastnosti TiO; je tzv. superhydrofilie indukovana
fotokatalytickou cestou. To skytd obrovské moznosti
praktickych aplikaci.

Krystalizace TiO, byla studovana na sad¢ vzorkli o
riznych tlou§ kach v intervalu t = 0,054 — 2,0 um
pfipravenych magnetronovym naprasovanim na sklo na
ZCU Plzen. Po depozici byly viechny vrstvy amorfni.
Vzorky byly zihany na vzduchu pfi teplotach 100-500 °C
po 50 °C s dobou zihani pal hodiny. Strukturni zmény byly
zkoumany pomoci rentgenové difrakce.

Meéteni bylo provadéno se zafenim CuKa na prasko-
vém difraktometru Seifert-FPM XRD7 v geometrii paralel-
niho svazku s kolimatorem (otoCenymi Sollerovymi
Stérbinami) v difraktovaném svazku a difraktometru
Philips X'Pert Pro s Eulerovou kolébkou, Goebelovym
zrcadlem v primarnim svazku a kolimatorem v difrakto-
vaném svazku. Konstantni thly dopadu pfi detektorovych
skenech 26 se pohybovaly od 1 do 3°. Na druhém zatizeni
byla jesté¢ provadéna méfeni reflektivity. Navic bylo
nameéteno nékolik symetrickych 26-0 skent a na Eulerové
kolébce s pouzitim polykapilary v primarnim svazku bylo

studovano zbytkové napéti metodou sin’y pro nékolik
reflexi.

Sledovdno bylo fazové slozeni - TiO, se bézné
vyskytuje ve tfech riznych strukturnich modifikacich:
tetragondlni rutil (P4, /mnm ,a=4,593 A, c=2,951 A) a
anatas (I4,/amd, a=3,784 A, c=9,515 A) a ortorombicky
brookit (Pbca,a=9,179 A, b=5,449 A, c=5,138 A). Diéle
byla provadéna profilova analyza a orientacné sledovana
textura.

Bylo zjisténo, ze vrstvy zacinaji krystalizovat pii teplo-
té asi 250 °C. Pritom nejtenci vzorky krystalizuji az za
vyssich teplot. Vzorek s tlous kou 0,054 um krystalizoval
az pii teplote zihani 350 °C, vzorek s tlous kou 0,1 pum pfii
teploté 300 °C. S vyssi teplotou zihani az do 500 °C se rtg
difrakéni zaznamy zkrystalizovanych vzorkt témeéf neme-
ni

Z namétenych difrakénich zaznami (2) vyplynulo, ze
ve zkoumanych vzorcich je pfitomen anatas a u tlustSich
vzorkd (nad 0,6 um) i mald piimes rutilu. Nelze vsSak

200 -

Intensity (cps)
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200 -
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Obr. 1. Cast 20 skenti od dvou rtizné tlustych vrstev- 1,5 pm a
2,0 um (tlustsi cara).
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Obr. 2. Cést 20 skenti vrstvy tlusté 0,1 pum pii teplotach zihani
300 °C (tlustsi ¢ara) a 350 °C.

jednoznacné fici, ze ho pfibyva monoténné s rostouci
tlou$ kou vrstvy. Obrazek 1 znazoriuje zdznamy od dvou
razné tlustych vrstev (1,5 um a 2,0 pm). U vzorku
s tlous kou vrstvy 2 pum jsou viditelné piky pro thly 20 =
27,37°, 36,15°, 41,45°, 43,69°, 56,41°, které patii rutilu.
Ostatni piky odpovidaji anatasu.

Na obrézku 2 jsou znazornény difrakéni zaznamy
vrstvy tlusté 0,1 pum pii teplotach zithani 300 °C a 350 °C. Je
ziejmé, ze pii prvni teploté zacina vrstva krystalizovat.
Siroky pik je ¢asteéné dany podloznim amorfnim sklem a
¢astecné 1 amorfnim TiO,.

Z naméfenych kiivek rtg. reflektivity je patrné, ze
drsnost povrchu se zvysuje s rostouci teplotou zihani. Na
obrazku 3 jsou znazornény zmény reflexni kiivky vrstvy
tlous ky 0,1 um s teplotou zihani. Je patrny rast drsnosti
povrchu vzorku s teplotou zihani, Cili prud¢i pokles
reflektivity. Ve vzorku je navic pfitomna i tenkda, neznama,
nejspiSe povrchova, vrstvicka kterda zanikd s rostouci
teplotou zihani. Vytvaii dlouhovinnou modulaci kiivky
reflektivity (,,hrb*“ na obrazku). Kratkovinné oscilace

Reflektivita

odpovidaji difrakci na celé vrstvé. Vzdalenost maxim je
nepiimo umeérna jeji tlous ce.

Na obrazku 4 jsou reflexni kiivky vybranych vzorka
pred zihanim. Z prudciho poklesu reflektivity je ziejma
vys$8§i drsnost povrchu u tlustSich vrstev. Drsnost také
logicky vzroste pfi krystalizaci vrstvy. Amrofni povrchy
jsou hladké..

Na goniometru s Eulerovou kolébkou (y-naklonem)
byly zméfeny symetrické skeny pro nékolik difrakci
anatasu pii raznych thlech y néklonu vzorku kolem osy
kolmé k ose goniometru. V této geometrii byla v primarnim
svazku umisténa polykapilara vytvaiejici vcelku dobfie
paralelni intenzivni svazek zafeni. Hlavni vyhodou je pak
necitlivost k riznym instrumentadlnimfaktorim, zejména
presné justazi vzorku.

Z mezirovinnych vzdalenosti dpy byly uréeny smérnice
a priseciky sin*y zavislosti (obrazek 5). Analyza napéti je
v tetragonalni fazi TiO, anatasu relativn¢ obtizna. Roli
mize hrat elastickd anizotropie. Vpiipadé jedno- ¢Ci
dvojosého napéti je nicménd smérnice sin’y zavislosti
umérna napéti o ve vrstveé. Z obrazku 5 a 6 (vzorek tlusty
1,5 um) je zfejmy pokles této smérnice s teplotou zihdni.
Stejna zavislost byla také pozorovana u nejtlustsiho vzorku
(2,0 um). Ostatni vzorky (obrazek 6, napt. vzorek 0,8 pm
tlusty) nevykazovaly méfitelné zmény. Smérnice sin’y
zavislosti byla vyrazné nejvétsi v piipadé nejtenciho
zkoumaného vzorku (0,2 um). Ve vSech vrstvach bylo
detekovano tahové napéti.

Z hodnot texturnich indext vyplyva, ze textury ve
sledovanych vrstvach jsou relativné slabé. Rozsiteni linii je
vyrazné vétsi nez instrumentalni a je dano mikronapétim i
malou velikosti krystalitd. Analyza téchto parametrti jesté
neni dokoncena.

wt——"+—"+——"1
00 05 10 15 20 25 30 35 40

tihel (stupni )

Obr. 3. Zmény reflexni kiivky vrstvy tlous ky 0,1 pm
s teplotou zihani. Postupné mizi §iroké maximum.
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Obr. 4. Zmény reflexni kiivky s tlou§ kou vrstvy. S rostouci
tlous kou je patrny rychlejsi pokles.
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Obr. 5. Vzorek 1.5um Zihany za teploty 300 °C a 350 °C. Zavislost Obr. 6. Podil smérnice sin®y grafu a priseciku s osou y pro riizné
miizového parametru d,;9s5) difrakce (105) na sin’y Ghlu naklonu y vzgrky a .teplot.y zihani (300 °C a 350 °C). Patrna je typicka
difrakénich rovin od povrchu vzorku. anizotropie, stejna pro vSechny vzorky.
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Processes of self-organization during the epitaxial growth
of strained semiconductor heteroepitaxial systems repre-
sent a possible route for fabricating semiconductor quan- o1k » 20 || AL 10
tum wires and dots. In a short-period superlattice nearly v ' |

lattice-matched to a buffer layer underneath, such a process =
. ; . =<
leads to a spontaneous modulation of the thicknesses of in- = 0.0
dividual layers [1]. Ny
Theoretical description of the modulation process is 5.

based on two different models. If the crystallographic
miscut of the substrate surface is large (above 1°), the den-
sity of monolayer steps on the vicinal surface is large. In 5 ] 2

this case a stress-induced bunching of the steps takes place il
creating a nearly periodic sequence of atomically flat ter-  — i
races divided by bunches of monolayer steps [2]. If the § oo [ £
miscut is small, the mean distance between the neighboring :;. ( _ | \

monolayer steps is larger than the diffusion length of the

migrating adatoms. Then, the bunching process does not 0.1
occur and the spontaneous modulation of the layer thick-

nesses is caused by a morphological instability of the grow-

ing surface — the Asaro-Tiller-Grinfeld instability (ATG)

[3, 4].

The serie of four samples of InAs/AlAs superlattices  Fig. 1. The reciprocal space maps of the diffracted intensity mea-
grown by molecular beam epitaxy (MBE) on an InP(001) sured in diffraction 400 of samples with 2 to 20 superlattice peri-
substrate was studied; the substrate was prepared without ods'. The diffraction Yector is parallel to the ¢,-axis, the numbers of
any nominal miscut. The samples have 2, 5, 10 and 20 P criods are denoted in the maps.
superlattice periods; the InAs and AlAs thicknesses were
nominally 1.9 monolayers in all samples. For all samples,

0.1 00 0l 0.1 00 0l
q_(1/A) q.(1/A)
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we have measured the intensity distribution of the graz-
ing-incidence 400 and 040 diffraction in the ¢,q, plane of
the reciprocal space, i.e. parallel to the sample surface. The
x-ray measurements have been carried out at the beamline
IDO1 of the European Synchrotron Radiation Facility
(ESRF, Grenoble). In Fig. 1 are shown the reciprocal space
maps of all samples taken in diffraction 400. In all cases ex-
cept of the 2-period sample, the intensity distributions ex-
hibit two side maxima in direction few degrees from [100]
and [010] caused by the periodicity of the composition
modulation. The intensity of side maxima increase with the
number of the superlattice periods, so that the lateral com-
position modulation becomes stronger.

Since the intensity of the diffracted intensity depends
on the chemical composition and the elastic deformation
field in the supperlattice, we developed a theoretical de-
scription of x-ray scattering that makes it possible to deter-
mine the degree of the lateral modulation directly from the
measured data without assuming any structure model [5].
The dependences of the modulation amplitude Cdg and
width 3¢ of the satellites on the number of superlattice peri-
ods are plotted in Fig. 2. From the measurements it follows
that the mean period =(267 = 15) A of the modulation re-
mains constant during the growth, the integrated amplitude
increases with the number N of the periods, while the width
8¢ of the lateral satellites decreases with N as N*?. From
this behavior it follows that the first stages of the spontane-
ous modulation of the average chemical composition of a
short-period superlattice cannot be explained as a result of
the bunching of monolayer steps at the interfaces. Most
likely, this behavior can be ascribed to the ATG instability,
in which the critical wavelength of the surface corrugation,
L.;; depends on the stress in the growing layer, elastic con-
stants and its surface energy. In periodic multilayers, such
an instability was investigated theoretically in Ref. [4]; us-
ing this approach we obtain L,,;; = 200 A for these samples,
which roughly corresponds to the obtained mean period L.
However this approach gives much faster growth of the
composition modulation than that obtained from the mea-
surements; this will be the subject of further investigation.

S8

0.04

0.0

(%)

5q (1/A)

0.0

(3]

1 N 10

Fig. 2. The scaling behavior of the modulation amplitudes Cdg
and widths d¢ of the lateral satellites as functions of the number
of the superlattice periods.
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X-RAY DIFFUSE SCATTERING FROM DISLOCATION LOOPS IN CZOCHRALSKI
GROWN SILICON WAFERS
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2 Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic

Defects in silicon wafers are used for gettering metal impu-
rities during the device processing. We have studied
Czochralski grown silicon wafers (001) using triple-axis
high-resolution X-ray diffraction (see measured reciprocal
space intensity distribution map in Fig. 1). These wafers
from different positions of the ingot were annealed at high
(1050°C / 16h) or low and high temperature (750°C / 4h +
1050°C / 16h). In this work we have specialized in samples
with intensity streaks perpendicular to {111} planes in
measured reciprocal space maps.

We will discuss deformation field and X-ray diffuse
scattering from dislocation loops (including stacking
faults) in silicon crystal. The reciprocal space intensity dis-
tributions were modelled using the Krivoglaz theory [1].
The exact equation for deformation field from dislocation
loops from Burgers theory of elasticity is used to computa-
tion the deformation field. These results have been com-
pared with the approximate asymptotic equations from
Larson, Schmatz [2] (see Fig. 2).
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Figure 1. Measured symmetrical (004) diffraction reciprocal
space map of annealed (750°C /4h + 1050°C / 16h) silicon wafer.
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The dislocation loops are placed in four equivalent
planes {111}. Four streaks in the perpendicular directions
o should be observed in the measured data, however due to
the symmetry and the orientation of the sample, two streaks
coalesce in one together with truncation rod. We used three
most common types of dislocation loops in {111} planes in
silicon: stacking faults with burgers vectors b = a/3<111>,
perfect dislocations with b = a/2<110> and Shockley dislo-
cation with b = a/6<112>. The final reciprocal space inten-
sity distribution is sum over combinations of equivalent
planes and burgers vectors (four for stacking faults, 24 for
others). These simulations for the loop with radius 0,7um
are in Fig. 3.

The symmetry of measured reciprocal space map deter-
mines the type of dislocation loops and from FWHM of the
intensity streak we can obtain the radius of the loops. Good
agreement of the theory with the experimental data was
achieved for the model of stacking faults.
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Figure 2. Size of simulated displacement field from stacking fault in (111) plane with b=a/3[111] (in parallel and perpendicular direc-

tion to stacking fault) using (a) Burgers and (b) Larson theory.
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Figure 3. Simulated reciprocal space intensity maps from (a) stacking faults, (b) perfect dislocations and (c) Shockley dislocations with

radius 7000 A.
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NANOTEST™ NT 600 - A DEVICE FOR ANALYSES OF MECHANICAL PROPERTIES
OF MATERIALS

R. Ctvrtlik, M. Stranyanek, P. Bohag, L. Jastrabik
Institute of Physics of Academy of Sciences of the Czech Republic, Na Slovance 2, 182 21 Prague

Thin films and coatings technology have become the cru-
cial aspect in a wide range of production processes. It is
used with success for instance in electro technical industry,
electronics, optics, mechanical engineering, energetics and
medicine. On this account the mechanical properties me-
trology of thin films and coatings has become very impor-
tant due to their optimization as well as high-quality
production. There are numbers of devices available for the

S10

measurement of these properties, either specialized for cer-
tain test or universal which are available to carry out the en-
tire analysis of mechanical properties of thin films and
surfaces. The special rank belongs to the modular measur-
ing system NanoTest™ (Micro Materials Ltd.) significant
by its unique construction, which enables horizontally
loading of the specimen.

Full paper will be published in next issue.

MERENiI ELASTICKYCH KONSTANT TENKYCH VRSTEV METODOU LAW

R. Picek, P. Bohac¢
Fyzikélni ustav AV CR, Na Slovance 2, 182 21 Praha 8

One of possible applications of thin films is coating of con-
tact loading components and tools for improving their sur-
face properties. Mechanical features of films are crucial for
their applicability in practice. They are partially character-
ized by elastic constants (Young modulus, Poisson ratio).
Determination of these quantities through classical meth-
ods which are known from measurement of bulk materials
is not possible. Therefore new ways of identifications of
elastic constants has been developed. One of them is
method LAW (laser acoustic waves) which elicits the con-

stants from acoustic wave propagation. In this article prin-
ciple of LAW is explained in simplified form. Conditions
for applications and comparison with other methods are
presented. The measurement of thin Si and SiC films de-
posited on silicon wafer by magnetron sputtering was car-
ried out. Some problems and disadvantages of this method
were discussed. Their feasible solution is outlined at the
end of the article.

Full paper will be published in next issue.
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