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Mìï vyniká výteènou elektrickou vodivostí, ale její
mechanické vlastnosti nejsou valné [1]. Když jsou pak
zlepšeny, napøíklad pøímìsemi, dochází k rapidnímu sníže -
ní vodivosti, protože pøímìsové atomy, èi èástice, které je
obsahují, rozptylují vodivostní elektrony. Vcelku pøekva -
pivou metodou øešení tohoto dilematu se ukázaly nìkteré
metody znaèné plastické deformace, které vytvá øejí velké
množství nanodvojèat [2]. V takto pøipravených vzorcích
byla pozorována vìtší vodivost než v konvenènì žíhané
mìdi. Pøedpokládáme, že dvojèatové hranice, jako pøíklad
speciál ních hranic s velmi malou pøebyteènou energií vrs -
tev né poruchy, pùsobí jako kanály, které vedou elektrický
proud témìø bezrozptylovì. Samoz øejmì jiné poruchy,
jako jsou obecné hranice zrn nebo dislokace elektrony
rozptylují a zvyšují elektrický odpor, což vede k ohøevu
materiálu a degradaci mecha nických vlastností. 

Koncept tvorby velkého množství nanodvojèat je stále
živý a dále rozpracovávaný pro rùzné materiály i po dvace -
ti letech od svého objevu [3]. V naší práci byl nejprve
studován èistý materiál kovaný pøi teplotì kapalného
dusíku, nyní jsme využili komerènì èistou s pøídavkem 1 % 
Al2O3, která byla rotaènì kována (RS) pøi pokojové teplotì
v zaøízení Komafu S600, pøi využití zkušeností èlenù týmu
s metodikou RS [5-6]. Materiál byl míchán a následnì
v mìdìné trubce kompaktizován kováním pøi redukci z 50
mm na prùmìry 13 a 10 mm. Vykované tyèe byly dále
žíhány a všechny stavy byly standardnì zkoumány pomocí
SEM (Tescan FERA 3), EDS a EBSD (EDAX Oc tane
super 60 mm2 a Digiview IV), TEM (Jeol JEOL 2000 FX) a 
XRD (Panalytical X´Pert).

Potvrdili jsme, že rotaèní kování pøi teplotì kapalného

dusíku vytváøí silnou texturu ve smìru á111ñ v ose kování,

složka ve smìru á100ñ je oproti èistému materiálu výraznì
slabší. Zrna jsou ve smìru osy tyèe protažena, ale jsou
významnì kratší než v kovaném materiálu. Po žíhání tato
mikrostruktura rekrystalizuje, vodivost roste, avšak
zùstává nižší než 100 % IACS. Snížení vodivosti oproti

hodnotì IACS je dáno obsahem Al2O3, a tedy rozptylem
vodivostních elektronù na èásticích v matrici. Pomocí
TEM byly pozorovány dislokaèní stìny. Pøedpokládáme,
že pozorování poruch krystalové møíže je ovlivnìno
schopností mìdi relaxovat i v nízkých teplotách [7], ale
není zcela øízeno rychlými procesy pøi pøípravì. 
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Ion implantation of titanium alloys
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Ti tan a jeho slitiny jsou hojnì používány v leteckém,
automobilovém a chemickém prùmyslu a nacházejí také
široké uplatnìní v biomedicínských aplikacích. Dùvodem
je jejich vysoká pevnost v tahu, dobrá korozní a únavová
odolnost, tvárnost, relativnì nízký modul pružnosti a
výjimeèná biokompatibilita a biologická neutralita.
Nevýhodou titanu a titanových slitin pro nìkteré aplikace
je však jejich špatné chování v tahu, nedostateèná
povrchová tvrdost a špatná odolnost vùèi nìkterým
chemickým prostøedím. Z tohoto dùvodu je nutno pro
mnohé aplikace povrch titanových materiálù modifikovat.
V popøedí našeho zájmu stojí iontová implantace dusíku.
Ukazuje se, že tato metoda znaènì zlepšuje mechanické
vlastnosti a zátìžovou a korozní odolnost velké skupiny

materiálù (kovù, polymerù a keramik). Ovlivnìná hloubka
iontovou implantací dosahuje pouze nìkolika stovek
nanometrù. Pøi iontové implantaci dusíku menšímí dávka
do titanu dochází postupnému k nárùstu møížkových
parametrù pùvodní hexagonální struktury. S rostoucí
dávkou  pak dochází tvorbì kubické TiN fáze. Pokod
budeme s implantací nadále pokraèovat, zaènou se
obìvovat pucháøky a prasklinky, s ještì vìtší dávkou  se
pak pucháøky odlupují a odhalují porézní strukturu TiN

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 30,  no. 4 (2024)       323

Obrázek 1. Fotka dusíkem implanovaných vzorkù titanu. Èíslo
na vzorku znaèí dávku v jednotkách 1017 iontù N/cm2.

Obrázek 2. Povrch titanové vzorku implantovaného s fluencí
dusíku 27·1017 cm-2.

Obrázek 3. Dífrakèní záznamy implantovaných titanových vzorkù s rùznou implantovanou dávkou dusíku.



(obr 2). Na obr. 1 je fotografie povrchù sady vzorkù titanu
(Ti grade II) s rùznou implantovanou dávkou pod 1E+17 po
27E+17 inotnù dusíku na cm2. Je patrné, že s rostoucí
dávkou povrch vzorku postupnì zlátne (TiN fáze) a pak
zaène díky poréznímu povrchu viditelnì tmavnout. 

Difrakèní analýza je komplikována zejména tlouštkou
ovlivnìné vrstvy, která je v malých stovkách nm, pøièmž
maximální koncentrace dusíku bývá v hloubce cca 80 nm a

také nehomogenitou celé vrstvy. Fáze TiN s menší koncen -
trací dusíku má menší møížkové parametry. A obdobnì
møížkový parametr hexagonální pùvodnì tita nové struk -
tury se zvetšuje s rostoucí koncentrací dusíku. Výsledné
difrakèní záznamy jsou tedy váženou sumou všech
pøítomných fází s jejich promìnou koncentrací což se
projevuje rozšíøením difrakèních maxim. 
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Spark plasma sintering (SPS) is a well-rec og nized method
in pow der met al lurgy which pro duces ul tra fine grained
ma te ri als with out stand ing prop er ties. Short times are suf -
fi cient for mu tual ap pli ance of pres sure and tem per a ture
dur ing pow der sintering and si mul ta neously the grain
growth is sig nif i cantly re duced. This highly de pends on the 
ho mo ge ne ity, pu rity and size dis tri bu tion of pow der
feedstock. In our study, high en ergy mill ing in var i ous at -
mo spheres was used to pre pare HfNbTaTiZr pow ders and
phase com po si tion of sintered ma te ri als was in ves ti gated
pro vid ing huge im pact on ma te rial prop er ties. It was found
to be the for ma tion of very fine microstructure of in ter con -
nected BCC phase and un ex pected FCC phase, see Fig ure
1. De tailed TEM in ves ti ga tion re vealed that the for ma tion

of ZrHfTi-rich oxo-ni trites has taken place dur ing sintering 
of pow ders milled in air or in ox y gen at mo sphere [1]. Cor -
re la tion of ox y gen and ni tro gen con tent with FCC phase
vol ume was in ves ti gated. The Rietveld re fine ment anal y sis 
cou pled with whole pow der pat tern mod el ling was per -
formed. It pro vided the es sen tial in for ma tion about the
phase frac tions and stoichiometry of ZrHfTi(O,N)x com -
plexes. Prom is ing me chan i cal prop er ties like very high
hard ness and high tem per a ture wear re sis tance were tested.

1. Lukáè, F et al.: The or i gin and the ef fect of the fcc phase in 
sintered HfNbTaTiZr, Ma te ri als Let ters, 286, (2021),
129224, https://doi.org/10.1016/j.matlet.2020.129224.

This pro ject is sup ported by Czech Sci ence Foun da tion
grant no. 22-24563S.
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Fig ure 1. ACOM phase map ping. a) vir tual BF im age, b) phase map, c) ex per i men tal dif frac tion patterns  (DP)
and d) DPs over laid with match ing tem plates of the re spec tive phases.
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The study pre sented here is a part of the pro ject fo cused on
the fun da men tal de scrip tion of the la ser ab la tion pro cess.
The la ser ab la tion could in tro duce crat ers into a ma te rial
which can play an im por tant role in a mod i fi ca tion of lo cal
ma te rial prop er ties, es pe cially microstructure. The micro -
structural prop er ties in side the crat ers could then work as
post mor tem probes of con di tion (tem per a ture, pres sure)
dur ing ab la tion it self.

How ever, to de scribe these microstructural changes
prop erly, well known orig i nal state of a ma te rial is the nec -
es sary pre req ui site. For this pur pose, the 100 nm thick
epitaxial lay ers of Cr and Mo were de pos ited by mag ne tron 
phys i cal vapour de po si tion (PVD) on var i ous sub strates:
amor phous SiO2 and sin gle-crys tal line MgO(100), MgO
(110) and co run dum Al2O3(0001). The micro struc tural
prop er ties such as re sid ual stresses, grain sizes, layer mor -
phol ogy and crys tal lo graphic ori en ta tion have been stud ied 
in the mean of the X-ray dif frac tion and elec tron mi cros -
copy.

With the use of an amor phous sub strate SiO2, both Cr
and Mo layer grows with the 110 fi bre tex ture. Here, the
sur face en ergy plays the de ci sive role, which is the low est
at 110 crys tal lo graphic plane (Cr and Mo are both bcc met -
als).

Us ing a sin gle crys tal line sub strate, the minimalization
of the de for ma tion en ergy lead ing from the lat tice mis fit
be tween the layer and sub strate will play an im por tant role.

There fore, de pos ited lay ers will grow in the spe cific ori en -
ta tion re la tion with the sub strate. How ever, a pres ence of
sev eral vari ants with dif fer ent ori en ta tion was ob served in
some cases. In di vid ual ori en ta tion re la tions were de duced
from the mea sured pole fig ures (ex am ple in Fig ure 1a
and 1b) and are shown in Ta ble 1.

The re sid ual stresses ob tained by sin2y method are
shown in Ta ble 1. The re sults show, that the lay ers pos ses
quite high re sid ual stresses in the or der of sev eral GPa.
In com par i son to the yield strength (0.131 GPa for Cr and
0.324 GPa for Mo [1]), this points to a fact that there should 
be an in ner mech a nism lead ing to the ma te rial hard en ing.
The anal y sis of the dif frac tion peaks broad en ing and also
trans mis sion elec tron mi cros copy show that the de pos ited
lay ers con sist of the small co lum nar crys tal lites with the
size of d = 20-50 nm (see Fig ure 1c). The pres ence of such
crys tal lites leads to an in crease of the yield strength

through the Hall-Petch re la tion s yield d=
-

1

2  [2].

1. The o dore Gray, Pe ri odic Ta ble (website),
https://periodictable.com/, vis ited 8.8.2024

2. Niels Hansen, Hall–Petch re la tion and bound ary strength -
en ing, Scripta Materialia 51 (2004) 801–806,
doi: 10.1016/j.scriptamat.2004.06.002.
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Sub s tra te

MgO(100) MgO(110) Al2O3(0001)

out-of-pla ne ori en tati on slat out-of-pla ne ori en tati on slat slat

layer

Cr 100 1.4 Twins with 211
4.2
3.8

un spec fied fi ber texture -

Mo
100 and 2 va ri ants with

110 (Df = 90°)

-1.5
-0.8
-0.8

Twins with 21
3.5
3.5

3 va ri ants with 110 

(Df = 60°)

1.5
1.5
1.4

Ta ble 1: Out-of-plane ori en ta tion of stud ied lay ers and their re sid ual lat eral stress slat.

https://periodictable.com/
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     Fig ure 1. a) Pole fig ure 110 mea sured on Cr layer de pos ited on 
    MgO(100) sub strate, b) Pole fig ure 110 mea sured on Cr layer 
     de pos ited on MgO(110) sub strate. The pur ple crosses cor re spond 
     to the sim u lated po si tions of sub strate dif frac tion peaks, the gray 
     crosses cor re spond to one of Cr vari ant (see Ta ble 1). 
     c) (left)  Dark field  im age mea sured by TEM show ing 
     the crys tal lites  in Cr layer de pos ited on MgO(110) sub strate.

a) b)
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Ni o bium nitride in bulk form ex hib its rel a tively high
super con duct ing tran si tion tem per a ture (Tc), around 16 K.
There fore, it is in ten sively stud ied for ap pli ca tions such as
qubits in quan tum com put ing, in fra red light de tec tors or
super con duct ing ra dio fre quency cav i ties in par ti cle ac cel -
er a tors. The ap pli ca tion fields can be fur ther broad ened by
mak ing the prep a ra tion of thin NbN films com pat i ble with
the CMOS pro cess tech nol ogy and us ing di rectly sil i con
wa fers as a sub strate; note that sil i con is not in her ently suit -
able for the growth of high-qual ity NbN due to the large
lat tice mis match.

Our study aims to de posit thin films of NbN with suf fi -
ciently high Tc with a tech nique that is scal able to semi con -
duc tor in dus trial de mands and has low ther mal stress on the 
sam ple. In the first part of our study, we have iden ti fied
stoichiometry and po ros ity as the most es sen tial char ac ter -
is tics of the NbN thin films. They can be tuned by vary ing
de po si tion pa ram e ters dur ing the film prep a ra tion. Spe cif i -
cally, mag ne tron sput ter ing along with its ion ized vari ant is 
shown to be a highly prom is ing tech ni cal ap proach. In or -
der to find the best de po si tion con di tions, we have fo cused
on in creas ing the den sity and con duc tiv ity of our 100-nm
thick NbN films. These are found to be cor re lated to each

other and sig nif i cantly im proved by us ing high-power im -
pulse mag ne tron sput ter ing (HiPIMS) with the dis ad van -
tage of a some what low ered de po si tion rate.

In the sec ond part of the study, the microstructure of the 
HiPIMS sam ples is char ac ter ized in de tail and its in flu ence
on the super con duct ing tran si tion tem per a ture and width is
ana lysed. The stoichiometry of the films, de ter mined by the 
elas tic re coil de tec tion anal y sis in com bi na tion with X-ray
re flec tivity and X-ray dif frac tion, seems to be cru cial for
reach ing high Tc. Also, de creas ing in ter nal stress and
microstrain helps to in crease Tc. On the con trary, the tran si -
tion tem per a ture is found not much de pend ent on the grain
size.

Fi nally, our ap proach is found suit able for cre at ing test
cir cuits and de vice struc tures of di men sions on the or der of
hun dreds of nanometers. These struc tures have been used
in our crit i cal cur rent den sity mea sure ments.

This pro ject was funded within the QuantERA II Pro gram
through the Swed ish Re search Coun cil (2021-06025) and
the French Na tional Re search Agency (SUNISIDEuP –
ANR-19-CE47-0010).
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The aim of our study is to an a lyze the sur face of higher-
 tem per a ture tetragonal (white) beta-tin, which tends to
trans form into sta ble alfa-tin (grey) un der sev eral con di -
tions that have not yet been suf fi ciently ex plained. The
beta-tin typ i cally starts to trans form upon cool ing un der
13.2°C, and its trans for ma tion rate ac cel er ates with
undercooling to its max i mum at -53°C. But that pro cess it -
self is tak ing an im mensely long time (up to years). The
trans for ma tion rate in creases with the help of nu cle ation by 
alfa-tin par ti cles (so-called in oc u la tion) and pres sure (re -
sult ing in a re duc tion of the trans for ma tion time to days and 
hours). The trans for ma tion also starts by help ing the dif fer -

ent types of com pounds, e.g. CdTe, InSb, etc., and the pres -
sure mag ni tude changes the trans for ma tion rate too. The
sur face of beta-tin is pas si vat ed by SnO the same way as
the sur face of Al and stain less steel by AlxOy and CrxOy. 

We study the very thin pas si vat ing ox ide layer by dif -
fer ent meth ods, which are more sen si tive to the sur face
than X-ray pow der dif frac tion (XRPD), e.g. GIXRD,
CEMS, XPS and FTIR. The sur face study shows the SnO
could also be nu clei of the whole trans for ma tion pro cess. 

The fi nan cial sup port from the Czech Sci ence Foun da tion
re ceived un der Pro ject No. 22-05801S is grate fully ac -
knowl edged.
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Quan tum Spin Liq uid (QSL) is a ground state of con densed 
mat ter, which is char ac ter ized by the ab sence of mag netic
or der down to the low est tem per a tures along with
long-range en tan gle ment of fluc tu at ing spin ex ci ta tions [1,
2]. Such a state of mat ter can be pro moted by mag netic
frus tra tion which pre vents the mag netic mo ments from
antiferromagnetic or der ing. Among lat tices with a high de -
gree of frus tra tion be longs the kagome lat tice. Such lat tice
can be found in herbertsmithite and other sub sti tuted com -
pounds like our stud ied Y–kapellasite [3]. Here the kagome 
lat tice is dis torted and the com pound has an antiferro -
magnetic tran si tion at TN = 2.2 K [4]. The dilatometry mea -
sure ments show anom a lous be hav iour around 32 K, where
the mag netic in ter ac tions are al ready sig nif i cant [5]. The
ques tions arise: Is there a struc tural tran si tion? How big is
magnetoelastic cou pling and does it has a sig nif i cant in flu -
ence on the crys tal lat tice? 

The pre vi ous sin gle crys tal X-ray and neu tron dif frac -
tion were not con clu sive about the crys tal struc ture mod i fi -
ca tion. The neu tron dif frac tion were able to de tect at Ts =
32 K an abrupt change in in ten sity of the (6 0 0) and (0 0
18) dif frac tion max ima.  There fore we fo cused on the lat -
tice dy nam ics stud ied by in fra red spec tros copy. The ob -
tained re sults are com pared with the ab in itio cal cu la tions.

The find ings prove the low er ing of the crys tal lat tice sym -
me try and sug gest the key role of H at oms in the crys tal
struc ture mod i fi ca tions. The low-en ergy phon ons ex hibit
sig nif i cant soft en ing, which can be a sign of en hanced
magnetoelastic in ter ac tions.
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Bulk hexaferrites are quite known to ex hibit strong
magnetoelectric (ME) ef fects near room tem per a ture.
How ever, in thin films the same ef fect have not of ten been
re al ized. Our re search has been con cen trated on stud ies of
dif fer ent hexaferrite phases - M, Y, W, X, U and Z pre -
pared by chem i cal so lu tion de po si tion al ready for quite a
long time. The phases are ei ther hex ag o nal or trigonal and
the crys tal struc ture is typ i cal by long unit cell and dif fer ent 

stackings of ba sic build ing blocks. The ME ef fect was de -
tected mainly in Y and Z films but other phases have been
stud ied as well and in sev eral cases they were pre pared in a
form of thin film for the first time [e.g. 1-4]. 

Chem i cal so lu tion de po si tion method was ap plied, and
sev eral pro cess ing pa ram e ters were tested and op ti mized
with the aim of min i miz ing the amount of im pu ri ties that
could spoil the mag netic prop er ties of the fi nal ma te rial.
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For the prep a ra tion of highly ori ented fer rite films, sev eral
sub strates were used, and dif fer ent sub strate/seed ing
layer/fer rite layer ar chi tec tures were pro posed [1]. The
prep a ra tion of strongly ori ented films ap peared to be com -
pli cated for some of the phases.

The ME Z-type fer rite Sr3Co2Fe24O41 and BaxSr3-x

Co2Fe24O41 thin films with strong out-of-plane and
in-plane ori en ta tion were pre pared and char ac ter ized for
the first time [2]. In the for mer case, the anal y sis was com -
pli cated by the pres ence of M and S (spinel) phases that
were also ori ented (aligned with the sub strate and one with
an other). Con se quently, many weak asym met ric re flec -
tions were over lapped and care ful se lec tion of re flec tions
suit able for the anal y sis had to be made. The mag ne ti za tion
data show anom a lies in the mag netic be hav iour oc cur ring
at tem per a tures close to the room tem per a ture that are char -
ac ter is tic for col lin ear to noncollinear spin struc ture tran si -
tions.  It was found that the ME ef fect can be stron ger for
the ori ented film, but still with some dis or der, than for a
sin gle crys tal [3]. This ef fect should be ver i fied yet.

The mech a nism of ME ef fect in Y-phases may be a lit -
tle dif fer ent and it seems to be in flu enced sig nif i cantly by
lat tice pa ram e ters. New Y-fer rite phases were pre pared
with the com po si tion BaxSr2-1Co2Fe11.1Al0.9O22, and it was
found that the mag netic struc ture is of noncolinear
ferrimagnetic type with an un spec i fied he li cal mag netic
struc ture. These films could be pre pared with good
out-of-plane and in-plane ori en ta tion di rectly on STO -
SrTiO3(111) sub strate, but M-phase seed ing layer usu ally
leads to better re sults. ME ef fect was iden ti fied to be max i -
mum for x = 1 but its de pend ence on x is stud ied in more
de tails now. In the pro ject, we are in ves ti gat ing the in flu -
ence of the de gree and type of pre ferred ori en ta tion of the
films as well as their real struc ture on the ME ef fect. By us -
ing dif fer ent sub strates, dif fer ent pre ferred ori en ta tions and 
strains can be ob tained. 

XRD stu dies

In ad di tion to sym met ric Bragg-Brentano scans show ing
of ten only strong basal 00l dif frac tions, a com bi na tion of
dif fer ent scans to char ac ter ize both out-of-plane ori en ta -
tion and in-plane ori en ta tions were ap plied. The lat tice pa -
ram e ters, pro file anal y sis (crys tal lite size and strains), and
re sid ual stresses were stud ied by com bi na tion of sev eral
asym met ric re flec tions scanned at spe cific suit able an gles
of in cli na tions and az i muths [4], i.e. par tially as for a sin gle
crys tal. Ex am ple is shown on Fig. 1. Out-of-plane pre -
ferred ori en ta tion can be quickly es ti mated by the so-called 

w-scans (rock ing curves, ro ta tion of sam ple at the fixed
Bragg an gle). Ex am ples are shown on Fig. 2. In-plane ori -

en ta tion can be es ti mated by j-scans, ro ta tion of sam ple on
the axis per pen dic u lar to the sur face for asym met ric (in -
clined to the sur face) dif frac tions. Strong dis tinct peaks in -
di cate align ment of the planes per pen dic u lar to the sur face
with the sub strate. Ex am ples are shown on Fig. 3.

Over all pic ture can be pro vided also by fast re cip ro cal
space map ping with 2D de tec tor as de scribed in [5] or in
more de tails in [6]. 2D de tec tors are used with out any sec -
ond ary op tics and the di rec tion of the scat tered beam is de -
duced only from the spa tial po si tion of a hit pixel. An gu lar
res o lu tion is given by the cross-sec tion of the scat tered
beam, di ver gence of the pri mary beam and the solid an gle
cov ered by in di vid ual pix els. There fore, the pri mary beam
should have a small cross-sec tion and should be well
collimated hor i zon tally and ver ti cally. The de tec tor can si -
mul ta neously mea sure the in ten sity of dif fracted beams in
dif fer ent di rec tions, i.e., it re veals the in ten sity dis tri bu tion
in con tin u ous 2D area in re cip ro cal space with out any
move ment. An ap pro pri ately cho sen scan mea sures a set of
neigh bor ing 2D slices in re cip ro cal space. Such dataset
when com bined re veals the in ten sity dis tri bu tion in 3D vol -
ume in re cip ro cal space. 

The in ter pre ta tion of the mea sured data can be qual i ta -
tively based on a di rect ob ser va tion such as a vis i bil ity of
Debye rings, sen si tiv ity of mea sured pat tern on az i muth or
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Fig ure 1. Pow der-like dif frac tion pat tern of Y-phase con structed from se lected dif fer ent peaks mea sured at spe cific an gles of in cli na -

tion y and ro ta tion j by q-2q scans (col ors). 00l peaks and peaks from SrTiO3 (STO) sub strate were mea sured in sym met ric q-2q scan
(black). 



ap prox i mate width of par tial Debye rings (Fig ure 4). The
mea sured data can also be com pared with the nu mer i cal
sim u la tion based on some ex pected model and the model
pa ram e ters can be op ti mized to match the experimental
data (Figure 5).
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Fig ure 3b. In-plane ori en ta tion. j-scans for Y-phase on LaAlO3

(111) sub strate with wide tails. j-scans of sub strate peaks are
shown in blue (200) and green (220). 

Fig ure 2. Out-of-plane ori en ta tion. w-scans for dif fer ent films of
Y-phase, de pos ited on STO (111) - red, show ing strong ori en ta -
tion, on LaAlO3 (111) with M-phase seed ing layer – blue, on STO
(100) – green and on MgO (111) – black. The curves are roughly
nor mal ized to peak height. Higher back ground for green curve in -
di cates sig nif i cant amount of ran domly ori ented crystallites.

Fig ure 3a. In-plane ori en ta tion. j-scans for dif fer ent films of
Y-phase on STO (111) sub strate. All in di cates good in-plane
align ment but with dif fer ent frac tion of non-ori ented crys tal lites.

Fig ure 4. Parts of fast RSMs of Y-type hexaferrites taken at dif fer ent az i muthal an gles j. The ar rows in di cate their cor re spon dence to

the po si tions in j scans..In fig ures cor re spond ing to the max ima in j scans one can see the chains of dif frac tions of Y-phase (on the ight
side). They can be sim u lated and shown on the pic ture (Fig. 5). It can also be seen that there is a frac tion of com pletely ran domly ori -
ented grains, as it is in di cated by the Debye rings.
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Fig ure 5. Ex am ple of fast RSM sec tion of Y-type hexaferrites (on the left) with cal cu lated po si tions of Y-phase dif frac tions.
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