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L1 - L4

STRUC TURAL DATABASES

see pages 89 - 101

L5

TEXTURE ANALYSIS OF ROLLED STEEL SHEETS BY X-RAY AND ELECTRON
DIFFRACTION (EBSD)

M. Èerník, L. Hrabèáková, A. Leško

U. S. Steel Košice, s.r.o., Slo vak Re pub lic 

The rolled IF and TRIP steel sheets were eval u ated by
X-ray and elec tron dif frac tion meth ods. Tex tures were
mea sured by X-ray dif frac tion  us ing tex ture goniometer
with Mo X-ray tube, em ploy ing (110), (200) (112) and
(103) crys tal log ra phy planes. EBSD cam era was used for
tex ture mea sure ments by elec tron dif frac tion. ODF – ori -
en ta tion dis tri bu tion func tions were cal cu lated from tex -
ture-mea sured data by use of shf – spher i cal har monic
func tion, WIMV and ADC meth ods. Both, X-ray and
EBSD data ob tained very good agree ments on tex ture char -
ac ter iza tions of non-grain ori ented (NGO) steels in re la tion 
to their mag netic prop er ties. The EBSD meth ods al low ob -
tain ing more struc tural in for ma tion: IPF maps, grain shape, 
size, crys tal ori en ta tion of se lected grains and oth ers.

The par tially an nealed IF steel sheet sam ple EBSD
anal y sis shows di rectly the tex ture   of in di vid ual grains,
X - ray dif frac tion method gives the ma te rial com plex tex -
ture.   EBSD method al lows cat e go riz ing grains ac cord ing
to proper cri te ria. The cri te ria ”Grain av er age dis ori en ta -
tion” was used for grains cat e go riz ing into two groups;
re-crys tal lized and de formed grains.  

The rolled IF steel sam ple tex ture was formed by al pha
and gamma fi bers. The fi nal tex ture was the su per po si tion

of the de for ma tion and recrystallization tex ture. The de for -
ma tion tex ture was formed by un com pleted al pha fi ber

with (001)<011>, (113)<011>, (223)<011> tex ture el e -
ments. The recrystallization tex ture was formed by gamma

fi ber with (111)<011> to (111)<112> tex ture com po nents.
The EBSD method al lows an a lyz ing sam ples with com -

plex phase com po si tion. Com par ing the X – ray dif frac tion
method, which is lim ited by ma te rial tex ture, the re tained
aus ten ite con tent in rolled steel sheets can be di rectly and
ex actly de ter mi nate by EBSD method. At the same time the 
tex ture is ob tained for par tic u lar phases too, in this case the
tex ture of fer rite and re sid ual aus ten ite. The EBSD method
pro vides data about grain size and shape, bound aries char -
ac ter is tics for all pres ent phases.

The rolled TRIP steel sam ple fer rit ic phase was formed

by strong gamma fi ber (111)<011> to (111)<112> and by

small amount of (100)<011> and (110)<001> tex ture com -
po nents.  The re tained aus ten ite con tent was es ti mated for
5,2 %. The re sid ual aus ten ite tex ture was formed by Goss -

(110)<001>, Brass - (110)<112> tex ture com po nents and

a small amount of Cop per - (112)<111> com po nent.
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L6

PHASE TRANSFORMATIONS, PHASE DIAGRAMS, DIFFERENTIAL SCANNING
CALORIMETRY

Vladimír Šíma 

Dept. of Phys ics of Ma te ri als, Charles Uni ver sity, Ke Karlovu 5, 121 16 Prague 2, Czech Re pub lic
sima@met.mff.cuni.cz

Thermodynamical ba sis of phase trans for ma tions. Anom a -
lies of thermophysical quan ti ties. Clas si fi ca tion of phase
trans for ma tions. Equi lib rium in het er o ge neous sys tems.
Gibbs phase rule. Com mon tan gent con struc tion. Le ver
rule. Tan gen tial plane con struc tion. Bi nary and ter nary
phase di a grams. Ba sic types of bi nary phase di a grams.

Ther mal anal y sis – dif fer en tial ther mal anal y sis (DTA),
dif fer en tial scan ning cal o rim e try (DSC). 

Work is sup ported by a grant from Czech Grant Agency
(GAÈR 106/06/0019). 

L7

DATABASES OF CRYSTALS WITH STRUCTURAL PHASE TRANSITIONS

Václav Janovec1,  Pawel E. Tomaszewski2,  Mi lan Èmelík1,  Lubor Machonský1, 
Zdenìk Kluiber3

1Tech ni cal Uni ver sity of Liberec, Hálkova 6, 461 17 Liberec
2In sti tute of Low Tem per a ture and Struc tural Re search, PAN, 50-950 Wroclav, Po land

3Uni ver sity of Hradec Králové, Fac ulty of Ed u ca tion, Rokitanského 62, 500 03 Hradec Králové
janovec@fzu.cz

Crys tals with struc tural phase tran si tions (SPT´s) ex hibit
un usual phys i cal prop er ties that are uti lized in many tech -
ni cal ap pli ca tions (e.g. anisotropic ce ram ics, mem o ries,
sen sors, trans duc ers) and in other fields (e.g. earth sci -
ences). Though ba sic struc tural data on SPT´s can be found 
in ex ist ing struc tural da ta bases (ICSD, CSD) spe cial fea -
tures and ad vanced the o ret i cal back ground of SPT´s call
for a spe cial ized da ta base.

The most com pre hen sive list ing of non-me tal lic crys -
tals with SPT´s is avail able in Tomaszewski´s da ta base of
struc tural phase tran si tions [1,2]. This is a printed ta ble in
which each row (re cord) is re lated to one chem i cal for mula
of a crys tal and col umns (fields) give tran si tion tem per a -
tures as well as the main avail able struc tural data of cor re -
spond ing phases in be tween two neigh bour ing tran si tions.
In up dated ver sion [2] about 4 300 crys tals are re corded
with more than 6 300 phase tran si tions and about 10 000
crys tal phases ob served at nor mal pres sure. This pre sen ta -
tion pro vides use ful in for ma tion about the ap pear ance of
SPT´s in crys tals but does not al low an ef fi cient search. 

This draw back can be par tially re moved if the re cords
are ar ranged ac cord ing to the sym me try changes at the
SPT. Such ta bles have been cre ated from the up dated
Tomaszewski´s da ta base [2]. In the first step only crys tals
which ex hibit just a sin gle SPT as so ci ated with a
dissymetrization (re duc tion of the space group sym me try)
have been in cluded. To in crease the re li abil ity of data only
those SPT´s have been taken into ac count for which struc -
tures of both phases are com men su rate and are re corded in

the In or ganic Crys tal Struc ture Da ta base (ICSD). These re -
stric tions dras ti cally re duce the num ber of con sid ered crys -
tals (only 20% of crys tal phases that ap pear in [2] have a
struc ture solved and re corded in ICSD!). A ta ble formed
from these se lected data con sti tutes a sim ple Ferroic Phase 
Tran si tion Da ta base which can pro vide an swers to use ful
sim ple que ries and from which some sta tis ti cal con clu sions 
can al ready be de duced [3]. 

Pres ent ef fort con cen trates on cre ation of com put er ized
re la tional da ta bases of SPT´s. This ap proach makes use of
re cent ad vances in da ta base tech niques and can uti lize the
ex ten sive the o ret i cal knowl edge on SPT´s (see, e.g. [4]).  

1. P. Tomaszewski, Struc tural phase tran si tions in crys tals. I.
Da ta base. II. Sta tis ti cal anal y sis. Phase Tran si tions, 38,

(1992), 127. 

2. P. Tomaszewski, Golden Book of Phase Tran si tions, Phase

tran si tions da ta base PTDB, manu script, 2002.

3. V. Janovec, P. Tomaszewski, L. Richterová, Z. Kluiber, In -
verse da ta base of phase tran si tions in crys tals with a sin gle

phase tran si tion. Ferro elec trics, 301, (2004), 169.

4.  In ter na tional Ta bles for Crys tal log ra phy, vol. D, ed ited by
A. Authier (Dordrecht: Kluwer Ac a demic Pub lish ers),

2003, Part 3: Struc tural phase tran si tions.

Ac knowl edge ment
This work has been par tially sup ported by the grant
202/07/1289 of the Grant Agency of the Czech Re pub lic..
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L8

MEASUREMENT WITH VT-RH CHAMBER

H. Petøíèková

Zentiva a.s., U kabelovny 130, 102 37 Praha 10 – Dolní Mìcholupy, Èeská Republika
Email: hana.petrickova@zentiva.cz

Pow der dif frac tion pat terns are the most fun da men tal, yet
cru cially im por tant; ap pli ca tion of XRPD is in iden ti fi ca -
tion or “fin ger print ing” of crys tal line phases in phar ma ceu -
ti cal in dus try [1]. Func tion of tem per a ture and/or rel a tive
hu mid ity can pro vide a di rect means of char ac ter iz ing the
sta bil ity of a phar ma ceu ti cal ma te rial at de fined tem per a -
ture and rel a tive hu mid ity and the oc cur rence of
hydration/de hy dra tion pro cesses [2]. Such a non-am bi ent
dif frac tion ex per i ments can be per formed at any stage of
the drug de vel op ment pro cess (API pro duc tion, sta bil ity
test ing, for mu la tion, stor age…) to avoid fur ther com pli ca -
tions.  

The ob ject of pre sented study is to dem on strate the pos -
si ble uti li za tion of vari able tem per a ture and rel a tive hu -
mid ity XRPD to in ves ti gate hydration/de hy dra tion pro cess 
of the phar ma ceu ti cal ma te rial. 

The be hav iour of phar ma ceu ti cal hy drates has be come
the ob ject of in creas ing in ter est over last two de cades, pri -
mar ily due to the po ten tial im pact of hy drates on de vel op -
ment pro cess and dos age form per for mance. Hydration of

the ma te rial also plays a role in bioavailability, in flu ences
dis so lu tion, hard ness of tab lets or even processability.
Interconversion be tween poly morphs and hy drates may oc -
cur as a func tion of tem per a ture or of rel a tive hu mid ity or
of both. Dur ing and af ter man u fac tur ing even air mois ture
from the en vi ron ment may change the hydration state of
API in dos age form.

X-ray dif frac tion sys tem with vari able tem per a ture and
rel a tive hu mid ity was used. In stru men ta tion as well as ob -
tained re sults will be dis cussed. The po ten tial for
interconversion dur ing de vel op ment was stud ied. Just dif -
fer ent pow der dif frac tion pat terns can be used as an ev i -
denced of change in the struc ture.  Any way, DSC and IR
were used as com ple men tary tech niques to XRPD.

1. J.Bernstein: Poly mor phism in mo lec u lar crys tals, IUCr
Mono graphs on Crys tal log ra phy – 14, Ox ford Uni ver sity
Press, 2002.

2. H.G.Brittain: Polymorphism in Pharmaceutical Solids,
Marcel Dekker, Inc. 1999.

L9

THERMAL EXPANSION OF TIS: ASSESSMENT OF MISCIBILITY WITH TROILITE
(FES) 

R. Skála1, M. Drábek2, T. Boffa-Ballaran3

1In sti tute of Ge ol ogy, ASCR, Rozvojová 269, 165 00 Praha 6
2Czech Geo log i cal Sur vey, Geologická 6, 152 00 Praha 5

3Bayerisches Geoinstitut, Universität Bay reuth, D-95440 Bay reuth, Ger many
skala@gli.cas.cz

From me te or ites - aubrites, in which oth er wise litho -
phile el e ments be have as siderophiles due to strongly re -
duc ing con di tions, ti ta nium-rich iron monosulfides were
re ported in lit er a ture. For ex am ple, in the Bustee aubrite,
the ti ta nium-bear ing troilite, as so ci ated with osbornite
(TiN), heideite (FeTi2S4) and oldhamite (CaS), was found
to con tain 17.2 to 25.2 wt % Ti. In the Bishopville aubrite,
the con tent of ti ta nium in troilite is re ported to be up to 5.7
wt % [1]. The crys tal struc tures of troilite and TiS are not
iden ti cal un der am bi ent con di tions. While troilite is hex ag -
o nal with space group is P2c and unit-cell di men sions a ~
5.97 C, c ~ 11.76 C, V ~ 362 C3 [2], TiS adopts NiAs-type
struc ture with space group P63/mmc and the unit cell pa -
ram e ters a ~ 3.31 C, c ~ 6.34 C, V ~ 60.2 C3 [3]. At el e vated 
tem per a tures, how ever, the troilite struc ture trans forms to
NiAs-type struc ture as well [4]. Con se quently, a rel a tively
sig nif i cant mu tual sol u bil ity can be ex pected be tween FeS
and TiS at tem per a tures above this phase tran si tion. To
eval u ate the crys tal lo graphic lim its for the TiS mis ci bil ity

in FeS we car ried out a se ries of high-tem per a ture unit-cell
re fine ments for the for mer phase. 

To col lect the dif frac tion data we used an X’Pert PRO
MPD Al pha-1 multi-pur pose X-ray dif frac tion sys tem
equipped with an in ci dent beam mono chro ma tor, Co tube,
and X’Celerator de tec tor. The ma te rial was a syn thetic TiS
pre pared un der con trolled con di tion in an evac u ated sil ica
tube. The sam ple was heated in an HTK 1200 high-tem per -
a ture cham ber in an alu mina sam ple holder. The holder
spun. The NIST sil i con in ter nal stan dard was used for cal i -
bra tion. To pre vent ox i da tion of the sam ple he lium pro tect -
ing at mo sphere was uti lized.

In Fig ure 1 we pres ent re sults of high-tem per a ture dif -
frac tion study of TiS for tem per a ture range from 20 to
400 °C.  Within the in ter val the pa ram e ter a and the cell
vol ume in crease monotonically whereas cell edge c has the
op po site trend. This be hav ior is iden ti cal to that ob served
for (close-)stoichiometric FeS above the tem per a ture of
tran si tion be tween 2H and 1C polytypes [4]. This ob ser va -

mailto:hana.petrickova@zentiva.cz
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tion sub stan ti ates a broad field of mu tual sol u bil ity along
FeS - TiS join at el e vated tem per a tures. On the con trary,
these re sults do not cor rob o rate that phases de scribed from
aubrites pos ses the troilite type 2H struc ture; most prob a -
bly the trans for ma tion which troilite un der goes at ca
100 °C causes the change in sym me try in Ti-con tain ing
min er als.

1. D.W. Mittlefehldt, T.J. Mc Coy, C.A.Good rich, A. Kracher, 
in Plan e tary Ma te ri als, ed ited by J.J. Papike (Wash ing ton:
Min er al og i cal So ci ety of Amer ica), 1998, 195.

2. H.T. Ev ans  Sci ence, 167, (1970), 621.

3. H. Hahn & B. Harde Zeit. Anorg. Allgem. Chemie
288,(1956), 241.

4. E.N. Selivanov, A.D. Vershinin, R.I. Gulyaeva Inorg. Ma -
te ri als, 39, (2003),1097.
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THE STRUCTURE ANALYSIS USING PROGRAM MAUD

Martin Kusý

Ústav Materiálov, J. Bottu 23, 917 23 Trnava, Slovenská Republika, 
e-mail: mar tin.kusy@stuba.sk

The struc ture de ter mi na tion from pow der dif frac tion data
us ing the Rietveld ap proach is in most cases te dious work.
How ever, due to suit able soft ware avail able long last ing
cal cu la tions can be sig nif i cantly short ened. Cur rently, va ri -
ety of com puter pro grams for this pur pose is avail able ei -
ther as freeware or on a com mer cial base. Nev er the less, the 
de gree these pro grams help user in ex tract ing the struc tural
data may vary sig nif i cantly. The shared com puter pro -
grams based on the Rietveld method can be di vided into
two gen eral cat e go ries from the point of pro cess ing ba sic
Rietveld refinable pa ram e ters. First cat e gory con tains
num ber of ex am ples of pro grams which pro vide user with a 
value of re fined pa ram e ters, for ex am ple GSAS, DBWS or
FullProf. On the other hand only few pro grams are avail -
able which di rectly list val ues of struc tural pa ram e ters de -
ter mined af ter each re fine ment cy cle. One of them is a
Rietveld method based com puter pro gram MAUD. 

Both ap proaches have ad van tages as well as draw -
backs. The first group of pro grams nec es sar ily needs to em -
ploy fur ther pro cess ing of ex tracted pa ram e ters. On the
other hand it means also op por tu nity for op er a tor to treat
and ma nip u late the raw pa ram e ters in or der to ex tract spe -
cific struc tural in for ma tion. Sec ond group of fers in stant in -
for ma tion about struc tural pa ram e ters which are
con sid ered as re fined val ues. How ever, these are pro vided
with out pos si bil ity to in ter act with ba sic pa ram e ters known 
from the Rietveld ap proach. Cer tainly, num ber of sup port -
ers can be found for both cat e go ries of pro grams. This con -
tri bu tion is not aimed at find ing the best group of pro grams. 
It would rather con cen trate and high light some of valu able
func tions and prop er ties the com puter pro gram MAUD of -
fers to an op er a tor.

Maud – stands for Materials Analysis Using Diffraction 
is dif frac tion/re flec tivity anal y sis pro gram de vel oped on

the ba sis of Rietveld method by Luca Lutterotti from Uni -
ver sity of Trento in It aly. This pro gram is avail able since
1997. Maud is writ ten in Java and can be ex e cut able in
Win dows, Mac OSX, Linux or Unix with pre-in stalled
Java VM 1.4.

Au thor sum ma rized the main fea tures of the Maud pro -
gram as fol lows:

• Easy to use, ev ery ac tion is con trolled by a GUI 

• Works with X-ray, syn chro tron, Neu tron, TOF 
• De vel oped for Rietveld anal y sis, si mul ta neous multi

spec tra and dif fer ent in stru ments/tech niques sup -
ported 

• Ab-in itio struc ture so lu tion in te gra tion, from peak
find ing, in dex ing to solv ing 

• Dif fer ent op ti mi za tion al go rithms avail able (LS,
Evo lu tion ary, Sim u lated An neal ing, Metadynamics) 

• Le Bail fit ting 

• Quan ti ta tive phase anal y sis 

• Microstructure anal y sis (size-strain, ani so tropy and
dis tri bu tions in cluded) 

• Tex ture and re sid ual stress anal y sis us ing part or full
spec tra 

• MEM al go rithm for Elec tron Den sity Maps and fit -
ting 

• Thin film and multilayer aware; film thick ness and
ab sorp tion mod els 

• Re flec tivity fit ting by dif fer ent mod els, from Parratt
(Ma trix) to Dis crete Born Ap prox i ma tion 

• Sev eral data files in put for mats 

• Works and in put im ages from 2D de tec tors (im age
plates, CCD) 
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Fig ure 1. Rel a tive changes of unit-cell di men sions in TiS at el e -
vated tem per a ture.
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• CIF com pli ance for in put/out put; im port struc tures
from da ta bases

Our ex pe ri ence with the struc ture anal y sis of bulk steels 
or steel pow ders usu ally leads to ap pli ca tion of quan ti ta tive 
phase anal y sis, microstructure anal y sis, tex ture anal y sis. In 
case of coated steel sheets, film thick ness was de ter mined
suc cess fully.

Due to sim ple user in ter face and avail able wiz ard the
quan ti ta tive phase anal y sis can be per formed us ing Maud
in an in tu itive way via re leas ing set of refinable pa ram e ters
in five easy steps. Ad vanced us ers have op por tu nity to con -
trol each pa ram e ter sep a rately.  

For the pur pose of microstructure anal y sis, Maud al -
lows to use iso tro pic Delf model, anisotropic mod els with
no rules and anisotropic model with Popa rules. War ren
mod els for antiphase bound ary and pla nar de fects are also
im ple mented in the code.

User can find also ef fec tive tools for com pen sa tion the
tex ture of ma te rial. For this pur pose, mod els such as
March-Dollase, Har monic func tions, E-WIMV, WIMV
are avail able. Ex pe ri ence shows that in most cases har -
monic func tions tends to be ef fec tive only when fi ber sym -
me try as sim plest one is en gaged. The lower the sym me try
the more of un sta ble pa ram e ters usu ally ap pears. E-WIMV
and WIMV mod ules, al lows the tex ture to be de ter mined
us ing Beartex from tex ture mea sure ments and im ported af -
ter wards. Bear ing in mind the draw back of har monic func -

tions to im port data from Beartex ap pears to be a saf est way 
of tex ture com pen sa tion.     

The Maud pro gram pro vides user ef fec tive tool to char -
ac ter ize lay ers or multilayers de pos ited on sin gle or
multiphase sub strate with pos si bil ity of thick ness de ter mi -
na tion. For this pur pose, the ex pected struc ture, phase con -
sti tu tion, or der ing of lay ers and thick ness is de signed via
avail able pro gram in ter face. All men tioned layer prop er ties 
can be dur ing pro gram ex e cu tion han dled as refinalbe pa -
ram e ters.

The Maud pro gram is ef fec tive tool for struc ture anal y -
sis us ing dif frac tion. In gen eral, it of fers user friendly in ter -
face with the real-time pat tern re fine ment mon i tor. Wider
ap pli ca tion of this pro gram in sci en tific com mu nity is
prob a bly hin dered with fact that there is no user guide
avail able at the mo ment. Ex ist ing tu to ri als, Maud fo rum
and Down load sec tion can be found at
http://www.ing.unitn.it/~maud/in dex.html. 

L. Lutterotti, S. Matthies and H. -R. Wenk, “MAUD (Ma -
te rial Anal y sis Us ing Dif frac tion): a user friendly Java pro -
gram for Rietveld Tex ture Anal y sis and more”, Pro ceed ing
of the Twelfth In ter na tional Con fer ence on Tex tures of
Ma te ri als (ICOTOM-12), Vol. 1, 1599, (1999)

Ac knowl edge ment

Fi nan cial sup port of the Slo vak Grant Agency VEGA pro -
vided to pro ject 1/4107/07 is ac knowl edged..
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L12

SCANNING PROBE MICROSCOPY TECHNIQUES WITH ATOMIC RESOLUTION

Ivan Oš•ádal

De part ment of Sur face and Plasma Sci ence, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in
Prague, V Holešovièkách 2, 182 00 Praha 8, Czech Re pub lic

Scan ning tun nel ing mi cros copy (STM), atomic force mi -
cros copy (AFM) and re lated scan ning probe mi cros copy
(SPM) tech niques de vel oped dur ing the last two de cades
are widely used for study ing ma te rial sur faces. In for ma tion 
on sur face struc ture with atomic res o lu tion pro vided by im -
ag ing in real space con sid er ably helped to elu ci date a num -
ber of open ques tions and in tro duced new con cepts into
study ing sur face pro cesses and crys tal growth. STM tech -
nique (lim ited on con duc tive ma te ri als) can be mod i fied for 
tun nel ing elec tron spec tros copy and used for in ves ti ga tion
of lo cal elec tron struc ture at sur face. Dy nam i cal mea sure -
ments – im ag ing the sur face at chang ing sam ple tem per a -
ture or even dur ing de po si tion of grow ing ma te rial – al low
di rect study ing of phase tran si tions, be hav ior of in di vid ual
at oms at sur face dif fu sion, nu cle ation and growth. STM in -
stalled into ultrahigh vac uum cham ber with var i ous de po si -

tion and other tech niques for sur face anal y sis rep re sents a
pow er ful tool for com plex ex per i ments in sur face sci ence.
AFM is the most used SPM tech nique es pe cially due to
vari abil ity of mea sur ing modes, pos si bil ity of us ing var i -
ous in ter ac tions for im ag ing sam ple sur face and mea sure -
ment at am bi ent con di tions. Well de fined atom i cally
re solved mea sure ments re quire ultrahigh vac uum con di -
tions. AFM im ages ob tained in this way can be in ter preted
with the help of the o ret i cal mod els and chem i cal res o lu tion
is pos si ble.

The con tri bu tion is fo cused on STM and AFM meth -
ods with re spect of im ag ing sur faces with atomic res o lu -
tion. It pro vides in for ma tion on con di tions and lim i ta tions
of im ag ing, a com par i son with other tech niques and new
pros pects.
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MICROSTRUCTURE ANALYSIS OF NANOCRYSTALLINE MATERIALS AND
NANOCOMPOSITES USING THE COMBINATION OF X-RAY DIFFRACTION AND

TRANSMISSION ELECTRON MICROSCOPY

D. Rafaja1, V. Klemm1, C. Wüstefeld1, M. Motylenko1, M. Dopita1,2
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The ca pa bil ity of the com bi na tion of the X-ray dif frac tion
and the trans mis sion elec tron mi cros copy for the
microstructure in ves ti ga tions on thin film and bulk
nanocomposites are il lus trated on three ex per i men tal ex -
am ples: two Cr-Al-Si-N coat ings with dif fer ent chem i cal
com po si tions and one BN bulk nanocomposite. Us ing a
mod i fied kinematical dif frac tion the ory that de scribes and
ex plains the phe nom e non of the par tial crys tal lo graphic

co her ence of crys tal lites, we could show that the anal y sis
of the X-ray dif frac tion line broad en ing is able to re veal
nanocrystalline do mains or gan ised in semi-co her ent clus -
ters, to de ter mine the size of the nanocrystalline do mains
and the clus ters, and to quan tify the mu tual ori en ta tion of
the par tially co her ent crys tal lites within these clus ters.
(see page 67  for more).
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INTERDIFFUSION IN SIGE ALLOYS STUDIED BY X-RAYS
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A grow ing im por tance of SiGe-based elec tronic and of op -
to el ec tronic de vices in re cent past is ev i dent due to a sig nif -
i cant prog ress in Si/SiGe band gap and strain en gi neer ing
[1]. De vices such as MOSFETs are one of these, which at -
tract their at ten tion very in ten sively due to their ap pli ca tion 
in CMOS cir cuits. Quan tum cas cade la sers and light emit -
ters gain their in ter est for its cur rent thresh old and low
power con sump tion. The pro duc tion of light emit ters have
been al ready mas tered to a cer tain ex tent in III-V ma te ri als, 
but mak ing of op to el ec tronic de vices on the ba sis of IV-IV
ma te ri als is more chal leng ing be cause of their com pat i bil -
ity to a stan dard Si tech nol ogy [2].  

A typ i cal ob sta cle that has to be over come in de sign,
pro cess ing and op er a tion of all elec tronic de vices is the
ther mal load dur ing fab ri ca tion and dur ing op er a tion. Due
to heat dis si pa tion in the cir cuits and op er a tion of de vices at 
high tem per a tures, the dif fu sion pro cesses of the ma te ri als
has to be taken into ac count. Thus a de tailed knowl edge of
the dif fu sion in SiGe al loys is highly de sir able. Un for tu -
nately the interdiffusion pro cess in SiGe is unlinear and
strongly de pends on Ge con cen tra tion [3]. The pa ram e ters
de scrib ing pre cisely the SiGe in ter mix ing are still un der in -
ves ti ga tion. 

The interdiffusion co ef fi cient of mix tures can be de -
scribed by Arheniuss equa tion D = D0 exp(EA/kT) given by

ac ti va tion en ergy EA and dif fu sion pre-ex po nen tial fac tor
D0. The non-lin ear ity of the dif fu sion pro cess in SiGe al -
loys con sists in the strong de pend ence of EA and D0 on the
Ge con cen tra tion XGe in Si1-xGex [3,4]. Up to now only ac ti -
va tion en er gies EA and dif fu sion prefactors D0 for XGe up to
Ge con tents of 50% were re ported with com par a tively
large er ror bars [4]. Re cently the au thors Aubertine et al.
have per formed a sys tem atic mea sure ment of
interdiffusion in SiGe multilayers with es ti ma tion of EA

and D0 for 0 < XGe < 0.20 with rel a tively small ex per i men -
tal er ror [5]. To our knowl edge the pa ram e ters EA and D0

for Si1-xGex in the range of XGe from 0.5 to 1 are not well re -
ported.

 The aim of our in ves ti ga tion was to ex tend the knowl -
edge about SiGe interdiffusion pro cess also for the range of 
Ge con tent from 25 % to 50 % and to de ter mine new val ues
of EA and D0. We have an nealed sim ple Si1-xGex multilayers 
grown by mo lec u lar beam ep i taxy on re laxed SiGe
pseudosubstrate with graded Ge con tent from pure Si up to
con stant com po si tion top layer. The multilayer it self con -
sisted nom i nally from 30 pe ri ods of SiGe/Si bilayers
sandwiched in be tween a 20 nm thick step graded layer sys -
tem and cov ered by an ad di tional SiGe cap layer due to
strain symmetrization. More about the sam ple struc ture and 
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about the ex per i ment can be found in our re cent pub li ca tion 
[6].
In or der to study the dif fu sion prop er ties of SiGe al loys in
multilayer struc tures, we have used in-situ x-ray re flec -
tivity and dif frac tion tech niques per formed at ESRF at
beamline BM20. The crit i cal tem per a ture, where the
interdiffusion started to be ob serv able in our multilayers,
was around 700 °C and thus we have per formed sev eral
iso ther mal an neal ing mea sure ments above this tem per a ture 
in or der to ob tain ac ti va tion en ergy EA and dif fu sion
pre-ex po nen tial fac tor D0. Re cip ro cal space maps were re -
corded at sev eral stages of an neal ing and for sev eral tem -
per a tures mostly around 800 °C. The dif fu sion co ef fi cients
were ob tained from the Ge con tent pro file and from the
pro file of elec tron den sity, which were de ter mined from

sim u la tions of specular reflectivity and diffraction data, see 
Fig. 1.

The re sults were com pared with data re cently pub lished 
by Aubertine et al. [5], who re port dif fu sion co ef fi cients
show ing lin ear de crease of ac ti va tion en ergy and ex po nen -
tial de crease with Ge con cen tra tion. Our ex per i ments show 
good agree ment with ex trap o la tion of these data [6] for Ge
con tents 50 % and 25 %. This state ment sug gests fur ther
gen er al iza tion whether the de pend ency of EA or D0 is lin ear 
or ex po nen tial for the whole range of Ge con tent.
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See page 110  for more

Fig ure 1. Evo lu tion of x-ray re flec tivity dur ing an neal ing of
Si0.7Ge0.3/Si multilayer at 747 °C.
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V odbornej literatúre sme nenašli príspevky, ktoré by boli
zamerané na sledovanie parametrov PVD naprašovania na
tvorbu vrstvy. Väèšina autorov sa venuje kvalitatívnemu
a kvantitatívnemu hodnoteniu PVD vrstiev vytvorených za 
predom definovaných podmienok [1-4]. V príspevku sa
preto hodnotil vplyv predpätia a pracovného tlaku na
kvalitatívne zmeny tvrdých vrstiev TiN/TiAlN
vytvorených metódou PVD (konvenèný katódový oblúk)
v zariadení PLATIT 1000. Rozsah použitých tlakov bol od
0,5 Pa do 5 Pa a hodnoty predpätia sa menili od 5 V do 500
V.  Získané povlaky vytvorené na substráte spekaného
karbidu (WC/Co) sa analyzovali pomocou rtg. difrakcie
a to kvalitatívnou analýzou urèujúcou fázové zloženie
vytvorených vrstiev ako aj kvantitatívnym hodnotením
difrakèných profilov, z ktorých sa analyzovala textúra
povlakov a hodnota štruktúrnych napätí vo vrstvách. 

Ukázalo sa, že zmena parametrov naprašovania
nemenila fázové zloženie vzniknutých vrstiev. Vo
všetkých prípadoch sme detekovali prítomnos• nitridu
titánu TiN0,9 a nitridu hliníka AlN, (AlTi)N. Substrát
tvorila zmes karbidu volfrámu WC a Co. Difrakèný obraz
pre parametre naprašovania (BIAS 500 V, p = 1,3 Pa) je na
obr.1.

Zásadný vplyv zmeny predpätia sa prejavil
v kvantitatívnom zložení vrstiev, stupni textúry a hodnote
vnútorných štruktúrnych napätí vo vrstve. Kým nízke
predpätia (5 a 25 V) vytvárali tenké vrstvy z relatívne
nízkymi štruktúrnymi napätiami, pri dosiahnutí 75 V
(100 V) bola vrstva optimálna z h¾adiska hrúbky, ale mala

najvyššie hodnoty štruktúrnych napätí. Ïalšie zvyšovanie
predpätia spôsobilo pokles hrúbky vrstvy v dôsledku
vyššej kinetickej energie dopadajúcich iónov pôsobiacich
odprašujúcim úèinkom. Súèasne mierne klesala hodnota
štruktúrnych napätí a textúry. 

Zmena pracovného tlaku v naprašovacej komore sa
výrazne neprejavila na nameraných difrakèných obrazoch
vytvorených vrstiev.
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Obr. 1 Difrakèný obraz vytvorenej vrstvy na sub strate spekaného karbidu
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KVANTITATIVNÍ RENTGENOVÁ DIFRAKÈNÍ ANALÝZA DVOUFÁZOVÝCH                              
TEXTUROVANÝCH VZORKÙ
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ni cal Uni ver sity in Prague, Trojanova 13, 120 00 Prague 2

Základním problémem metodiky kvantitativní rentge -
nové difrakèní fázové analýzy je  texturovanost mìøených
vzorkù, která mìní intenzity difraèních píkù. 

Pro fázovou analýzu byla použita bezstandardová
metoda [1] pro dvoufázové netexturované vzorky. Textu -
ro vanost integrálních intenzit píkù  (hkl) obou fází je
korigována pomocí faktorù  P(hkl)  vypoètených Harri -
sovou metodou  [2, 3]. Pro tuto metodiku jsou uvedeny 
matematické vztahy, výpoèetní programy a  jejich výsled -
ky. Jsou uvedeny analýzy práškových vzorkù a vzorkù

s vysokým a nízkým stupnìm texturovanosti a diskuse
výsledkù.

1. Fiala J.  Absolutní stanovení objemového podílu alfa a
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Werkstoffe,  Springer-Verlag 1962, S.94.
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TRANSFORMATION PRODUCTS

J. Had

In sti tute of Chem i cal Tech nol ogy, Cen tral lab o ra to ries, Prague 

Syn thetic geopolymers ap pear to be prom is ing ma te rial ap -
pli ca ble to a wide range of in dus trial branches, namely in
build ing in dus try. Nev er the less prod ucts of  geopolymer
trans for ma tion can de te ri o rate prop er ties of pro duc tion.
X-Ray phase anal y sis of geopolymers orig i nat ing from 
ther mal treated ka oline /metakaoline/ by al ka line treat ment
/NaOH and wa ter glass/ has been car ried out. Fol low ing
prod ucts of the trans for ma tion have been iden ti fied: ze o lite 
P, ze o lite X, ze o lite A, sodalite H and analcim T. A method
for rel a tive de ter mi na tion  of the sum of the re ferred-to

phases has been worked out for the syn thetic geopolymers,
with re spect  to re quired quick de ter mi na tion and ad e quate
ac cu racy. Data ob tained in such way were col lated with
me chan i cal prop er ties of the geopolymers aris ing from 
metakaolines at var i ous tem per a tures of cal ci na tion and
dif fer ent age ing pe riod, both at lab o ra tory and 100oC tem -
per a ture. Com pres sion strength re sults cor re lated to the
sums of the scaled in ten si ties are pre sented prov ing ap pli -
ca bil ity of the worked-out method.
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ÈTVRTÉ MOMENTY V PROFILOVÉ ANALÝZE
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K popisu difrakèních profilù byly z matematické statistiky
formálnì pøevzaty nìkteré velièiny charakterizující hustotu 
(rozložení) pravdìpodobnosti f(x) náhodné velièiny x.
Motivem byla vnìjší podobnost tvarù hustot. Jednalo se
zejména o momenty hustoty pravdìpodobnosti, které
jistým zhuš•ujícím zpùsobem charakterizují prùbìh, resp.
tvar hustoty pravdìpodobnosti: 

M f x dx0 = ò ( )

integrální intenzita,            (1)

kterou je rozumné normovat k 1, podobnì jako je
normovaná hustota pravdìpodobnosti v matematické
statistice. To umožòuje dále používat ménì komplikované
vztahy pro normované resp. redukované momenty (kolem
poèátku), které jsou definovány rovnicemi [1] 

m f x dx0 1= =ò ( )

m xf x dx T1 = =ò ( )  - tìžištì

m x f x dx2
2= ò ( )                 (2)

m x f x dx3
3= ò ( )

m x f x dx4
4= ò ( )

                                                        
Centrální momenty, vztažené k tìžišti, pak vycházejí [1]

                                                                
m 0 1=
m 1 0=
m 2 1

2
2 1

2= - = - =ò ( ) ( ) ( )x m f x dx m m W - vari ance

m 3 3 1 2 1
33= - +m m m m( )

m 3 4 1 3 1
2

2 1
44 6 3= - + -m m m m m m( ) ( )

Dùležitou vlastností momentù je, že pokud funkce h je
konvolucí funkcí f a g, pak pro tìžištì a pro vari ance platí
[2]

            T
h = Tf  +Tg                                                                              (4)

 a 
        Wh = Wf + Wg                                                       (5)

Podobný jednoduchý vztah aditivity platí ještì pro tøetí

centrální momenty m3, zatímco pro ètvrté momenty platí [2]

 m m m m m4 4 2 2 46 6, , , , , ( )h f f g g= + +

V analýze difrakèních profilù se velmi èasto užívá
druhý centrální mo ment – vari ance, nejen díky rovnici (5),
ale taky díky své pøímé fyzikální interpretaci [3]. Na
užiteènost ètvrtých momentù v profilové analýze bylo
upozornìno v [4]. Více pozornosti vìnovali ètvrtým
momentùm autoøi [5], zejména k urèování velikosti èástic,
mikrodeformací a obsahu uhlíku v martenzitu z jedné
difrakèní linie. Jejich postup byl použitý k urèení velikosti
èástic a mikrodeformací z jedné linie pøi studiu plastické
deformace kovù [6]. V pøíspìvku bude pozornost zamìøena 
zejména na tuto problematiku.
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