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Toaqdim olunmus isdo nano dl¢ill Al vo FesOs tozlarinin layl nazik tobogolori alinmigdir. Rentgen difraksiyasi metodu
ilo tadqiqg edilmasi zamani miioyyon edilmisdir ki, h = 30 vo 60 nm galinliglt nazik toboagalords Al vo FesOs maddolari 6z kristal
qurulusunu saxlaya bilirlor. Bunun asas sobabi, onlarin uygun olaraq Fm-3m vo Fd-3m faza qruplu kubik simmetriyali kristal
qurulusa malik olmalart ilo izah edilmisdir. Rentgen difraksiyasi spektrlorinds Al kristallarina uygun maksimumlarin (111) vo
(200) atom mustavilorine FesOs kristallarina uygun maksimumlarin (044) atom miistavisine uygun goldiyi misyyen edilmisdir.
Nozors alsaq ki, ayri-ayriliqda gétiiriildiikdo Al vo FesO4 nazik tebogslori daha kigik dlgulords: h = 15 vo 30 nm qalinliginda
alinmigdir. Buna baxmayaragq kristal qurulus formalagmigdir. Bunun osas sobabi ondan ibaratdir ki, bu maddlorin hor biri kifayot
godor yiiksak simmetriyaya malik kubik sinqoniyada kristallagirlar. Miioyyon edilmisdir ki, bu tobagalorde ham alliminium,
hom do domir oksid tobogasi 6z qurulus xiisusiyyatlorini saxlayirlar.

Acar sozlor: kristal qurulus, rentgen stialarinin difraksiyasi, nazik tobagslar. nanokompozit, layli qurulus
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1. Giris

Metal vo metal oksidlor miasir elektronikada ge-
nis totbiq edilirlor. Bu materiallardan funksianal xasso-
larina gora deyil, ham da 6rtitk materiallar1 kimi genis
istifads edilir. Cunki, nano 6l¢tlords bu materiallar ot-
raf mihitlo slagoni kesmays imkan verir. Ona gors do
son zamanlarda metal vo metal oksidlorin nano tobago-
lorinin alinmasi vo onlarin tadqiq edilmasi bark cisim
elektronikasmim osas istigamatlorindandir. Muoayyan
edilmisdir ki, bu materiallar hom ds ionlasdirici siialara
garst davamli materiallardir. Ona gors ds onlarin avia-
siya va niliva texnologiyalarinda genis totbiq imkanlari
vardir [1-3].

Molumdur ki, miasir aviasiya texnologiyalarinda
Al genis totbiq edilir. Son zamanlarda elektromagnit
uducu materiallarin totbiq edilmasi ehtiyaci yaranmis-
dir. Aliminiumda magnit xassalorinin olmamasina go-
ra, Al-Fe sisteminin totbiq edilmasi zorurati yaranmus-
dir. Malumdur ki, damir va onun bir ¢ox oksid birlag-
moalarinds glicli magnit xassalori vardir. Ona gors do,
bu materiallarda ferromagnit vs antiferromagnit xasss-
lorin todqgiq edilmasi istigamatinds genis todgigatlar
aparilir [4-5,15]. O cumlodon bu materiallarda ham do
yiiksok uduculug gabiliyysti miisahids edilmigdir. Bela
materiallardan biri do domir oksid nanohissacikloridir
[6-7,13]. Nanotexnologiyanin inkisaf etmasi bu istig-
amotds aparilan tadqiqatlart da inkisaf etdirmisdir. Mo-
lumdur ki, materiallarin nano 6lgiilarinds fargli funksi-
yalar miigsahido edilir. Ona goro do bu istigamatds daha
cox todgiqatlar aparilir [8-9,14]. Mioayyon edilmisdir
ki, FesO4 torkibli nanokompozit materiallarda guclu
elektromagnit xassslar, o climladan elektromagnit dal-
galarinin udulmasi miigahido edilir [10,11]. XUsusi tex-
nologiya vasitasilo Al ilo ortiilmiis Fe3O4 nanohisso-
ciklori tgun f = 12.0 GHz tezliyinin xarakterik oldugu
toyin edilmisdir [12].

Elektromagnit uducu material kimi yeni layli sis-
temlorin alinmasina ehtiyac vardir. Ciinki layli sistem-
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lords udulma ilo yanagi, hom dos elektromagqnit dalga-
larmin iki miihit arasinda sinmasi noticasinds qayidan
siann istiqgamoti dayisir. Ona gora do belo materiallar-
dan elektromaqnit dalgalarinin qayitmasi minimuma
endirilir. Belo sistemlorin alinmasi {i¢iin Fe;04 nazik
tobagalorinin Al tobagolari ilo sistem soklindo model
obyekt hesab edilo bilor. Damir oksid vo aliminium
nazik tobagolori ayr1 ayriligda todqiq edilsslor do, bir-
likdo sistem goklinds dyranilmamisdirlor. Bu isdo, siiso
Uzarinds muxtalif optimal rejimlords Al va Fe3O4 nazik
tobagalorindan ibarst layli sistemlor alinmig va onlarin
qurulus xtisusiyystlori tadqiq edilmisdir.

2. Tacrubalar

2.1. Nazik tabagalarin alinmasi. Nazik tobogolor
SkySpring Nanomaterials istehsali olan d = 50 nm &l-
cull Al vo d = 30 nm 6lcili FesO4 nanohissaciklarin-
don alinmugdir. Layli tobogolor 25%19 mm 6lgiilii siiso
altliq iizarinds termik tozlandirma metodu ilo almmig-
dir. ©vvalca stisonin Uzoring aliiminium ¢okdiiriilmis,
sonra iss Uzarinds domir oksid tobagasi ¢okdurilmiis-
dir. Mixtalif qalinliqda iki Al-Fe3O4 nazik tebago alin-
musdir. Tocriibalor Leybold-Herause L-560 markal1 va-
kuum qurgusunda (P = 2-10° mbar) aparilmigdir. Na-
zik tobagolarin alinmasindan avval siige altliqin sathin-
do 800 V1 giictinds ion tomizlonmasi aparilmigdir. Toz-
lanma prosesini yaxsilagdirmaq mogsadilo siigo altliq
vakuum kamerasinda 100°C-o godor qizdirilmigdir.
Tozlandirma prosesi 25 san miiddatinds aparilmigdir.

2.2. Rentgen difraksiyasi. Alinmig niimunslorin
struktur faza analizi D8 Advance XRD difraktomet-
rindan (Bruker, Almaniya) istifado edilmokls rentgen
difraksiya tsulu ilo aparilmigdir. Difraktometrin para-
metrlori: 40 kV, 40 mA, CuKo-stialanma, A = 1,5406A.
Tocriibalor otaq temperaturunda aparilmigdir. Alinmig
spektrlor Origin proqramlarinda analiz edilmigdir. Di-
fraksiya maksimumlart Al vo Fe3O, kristallarmin strix
diagram1 ilo mUgaise edilmis vo nazik tabagolorin
kristal quruluslart miiloyyon edilmisdir.
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3. Natico va muzakiralor

Allminium va domir oksid sistemindon ibarat lay-
i nazik tobagalor siiso althqlar iizorinds termik toz-
landirma tsulu ilo alinmisdir. Althq gisminds istifads
olunan 25x19 mm 6l¢iilii siisa 16vhs ion tomizlanmasi
metodu ilo kimyavi tomizlonmisdir. Tabagalorin miix-
tolif qalinliglarda almmmasi magsadi ilo uygun optimal
rejimlar se¢ilmisdir. Ovvalca h = 15 va 30 nm galinligh
Al nazik tobogolori alinmis, sonra iso onlarin {izorina
h=15 vs 30 nm qalinliql Fe304 nazik tobagalori ¢okdii-
rilmiigdiir.

Nazik tobagoalarin sothi domir oksid tobagasidir vo
geyri-soffaf miihitdir. Qalinhiglar1 iki dofo forgli olma-
sina baxmayaraq niimunalorin ronglori demok olar ki,
forglonmirlor. Bu onunla slagedardir ki, domir oksid
nazik tobagalori optik siialar ii¢iin uducu miihit hesab
olunur. Tabagalorin sathi boyunca rangin doyismams-
sindon goériniir ki, termik tozlandirma metodu ilo alin-
mis tobagolar kifayst gqodor bircins alinmisdir. Bu xiisu-
siyyatlor materialin fiziki-kimyovi xassslarinin tadqiqi
zamani alinmig naticalarin dagigliyini va etibarliligini
artirir.

Nazik toboagslorin formalagsmasmi mioyyan et-
mok (giin, bu tabagalarin qurulus aspektlorinin dyranil-
mosi vacibdir. Bu mogsadls, siiso althglar tizorinds
alinmig Al-Fe30, sisteminin kristal qurulusu rentgen
difraksiyas1 metodu ilo otaq temperaturunda todqiq
edilmisdir. Normal goraitds alinmig rentgen difraksiya-
st spektrlori sokil 1-do gOstorilmisdir.
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Sakil 1. Siiso altlhq tizorinds alinmis 30 nm (qara) vo
60nm (qirmizi) qalinligli Al-FesO4 nazik
tobagalorinin rentgen difraksiyasi spektlori.

Spektrlorin Origin progqraminda analiz edilmis-
dir. 10°<26<70° difraksiya bucagi intervalinda ¢ mak-
simum misahido edilmisdir. Nazik tobogolords oslava
fon da yaranmigdir ki, bu da bark cisimlor fizikasindan
molum olan amorflagsma ilo slagodardir. Bu maksi-
mumlar1 analiz etmak ¢lin Al va Fe3O4 kristallari tiglin
Diamond 2.3 proqraminda difraksiya diagrami qurul-
musdur. Ovvalki tadgigatlar zamani alinmis naticalora
uygun olaraq qurulmus diagramlar sokil 3-do gdstoril-
misdir [28, 29].

Sakil 2. Al vo Fe3Os kristallarinin difraksiya diaqramlari [28, 29].

Sokil 1 va 2-ds verilmis difraksiya diaqramlarinin
rentgen difraksiyasi spektrlori ilo migaisasindon muoy-
yon edilmisdir ki, nazik tobogolords hom Al kristallari,
hom do Fe3O4 kristallar1 formalagsmisdir. Spektrlarda
20=38.57° vo 44.79° difraksiya bucaqlarmda miisahida
edilon iki difraksiya maksimumu Al kristallarina uygun
golmigdir. Analiz naticasinds miayyan edilmisdir ki,
bu atom mistavilari Fm-3m foza gruplu kubik simmet-
riyali kristal qurulusunda (111) vo (200) atom mdisto-
vilarina uygun golir. Spektrlords 26 = 65.18° difraksiya
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bucaglarinda miisahids edilon i¢ difraksiya maksimu-

mu FesOj4 kristallarina uygun golmisdir. Analiz natico-
sindo misyyan edilmigdir ki, bu atom miistavilori Fd-
3m faza qruplu kubik simmetriyali kristal qurulusunda
(044) va (200) atom mistavilarine uygun galir.
Qurulus todqgigatlar zamani1 miioyyon edilmigdir
ki, kicik dlculords alinmasina baxmayaraq, nazik tobs-
golords kristal qurulus formalasmisdir. Nozars alsaq ki,
ayri-ayriliqda gotiiriildiikds Al va FesO4 nazik tobago-
lori daha kigik 6l¢llorda: h = 15 vo 30 nm qalinliginda
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alinmigdir. Buna baxmayaraq kristal qurulus formalas-
mugdir. Bunun asas sabobi ondan ibaratdir ki, bu mad-
doalorin har biri kifayst qodor yuksok simmetriyaya ma-
lik kubik sinqoniyada kristallagirlar. Ona goro termik
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PREPARATION OF Al and FesOs LAYERED THIN FILMS AND THEIR STRUCTURAL
CHARACTERISTIC

Obtaining nano layers of metals and metal oxides and studying them is one of the main directions of solid state electronics.
It has been established that these materials are also resistant to ionizing radiation. It is known that Al is widely used in modern
aviation technologies. Recently, there has been a need to apply electromagnetic absorbing materials. Due to the absence of
magnetic properties in aluminum, it was necessary to apply the Al-Fe system. It is known that iron and many of its oxide
compounds have strong magnetic properties. Therefore, extensive research is being conducted to investigate ferromagnetic and
antiferromagnetic properties of these materials. In the presented work, layered thin layers of nano-sized Al and FesO4 powders
were obtained. These thin layers were obtained in the form of Al-FesOa thin layers of different thicknesses on glass. During
the X-ray diffraction study, it was determined that Al and FesO4 substances can keep their crystal structure in thin layers with
a thickness of h = 30 and 60 nm. The main reason for this is explained by their cubic symmetry crystal structure with Fm-3m
and Fd-3m space groups, respectively. In the X-ray diffraction spectra, it was determined that the maxima corresponding to Al
crystals correspond to the (111) and (200) atomic planes, and the maxima corresponding to FesO4 crystals correspond to the
(044) atomic plane. The obtained experimental results revealed that Al and FezOg4 retain their structural properties in layered
thin layers of the Al-FesO4 system, and it is possible to apply h > 30 nm thick layers in electronics. If we take into account that
Al and FesOa4 thin films taken separately were obtained in smaller sizes: h=15 and 30 nm thick. Nevertheless, the crystal
structure is formed. The main reason for this is that each of these substances crystallizes in cubic syngonia with a fairly high
symmetry. Accordingly, a thin layer of Al and a thin layer of FesO4 can be formed on the glass by the thermal sputtering
method. It was determined that both aluminum and iron oxide layers retain their structural properties in these layers.

X.H. AxmenoBa

MOJYYEHUE TOHKHUX CJIOUCTBIX IIVIEHOK Al n FesOs U UX CTPYKTYPHBIE
XAPAKTEPUCTHUKH

[NonyueHne HaHOCIIOEB METAJUIOB M OKCHJIOB METAJUIOB M WX M3YYCHHE SIBJISETCS OJHHM M3 OCHOBHBIX HAIpaBICHHN
TBEPAOTENIbHON JJEKTPOHUKH. Y CTAaHOBJIEHO, YTO 3TH MaTepHajbl TAaKXKE YCTOMYMBBI K MOHU3UPYIOLIEMY H3IyuyeHHIo. W3-
BECTHO, 4T0 Al IIMPOKO UCTIONB3YETCs B COBPEMEHHOM aBUAIMOHHOI TeXHHUKe. B mocnenHee BpeMst BO3HHKIIA HEOOXOAUMOCTh
B IPHMEHEHWH MAaTepHaloB, IOTIOMIAIOIINX NIEKTPOMArHUTHOE H3iydeHHe. M3-3a OTCYTCTBHUS y aNIOMHHUS MarHUTHBIX
CBOICTB HpHIUIOCH MpHMEHNTH cucteMy Al-Fe. M3BecTHO, 4TO *Xene30 M MHOTHE €ro OKCHIHBIE COSAWHEHHs 001amaioT
CHJIBHBIMH MarHUTHBIMH CBOiicTBaMH. [103TOMy IpoOBOASATCS OONIMPHBIE HCCIECJOBAHUS [0 U3YYEHHIO (ePPOMATHUTHBIX U
aHTH(EepPPOMarHUTHBIX CBOMCTB STHX MaTepHaNoB. B mpencraBieHHOH paboTe OBUIM IOJYYEHBI CIOHCTHIE TOHKHE CIION
HaHopa3MepHbIX nopoumkoB Al u FesOs. DT ToHKHE ciion ObUTH IOJIydeHB! B BHIE TOHKUX cinoeB Al-FesOs pazmmunoit
TOJIIIMHBI Ha CTEKJIE. B X0/1e peHTreHOCTPYKTYpPHOT0 HCCIIEIOBaHHs yCTaHOBIIEHO, uTo BemiecTBa Al n FesOs MoryT coxpaHnsTh
CBOIO KPUCTAJUTMUECKYIO CTPYKTYPY B TOHKUX CJIOsiX ToimuHO# h = 30 u 60 uM. OCHOBHAsI IPUYNHA ITOTO OOBICHICTCS HX
KPHCTAJUIMYECKON CTPYKTYpOi KyOM4YeCcKOi CHMMETPHUH C IPOCTPaHCTBEHHBIMH rpynnamu Fm-3m u Fd-3m cooTBeTcTBeHHO.
B crnektpax peHTreHOBCKOW AN(pPaKINH yCTAHOBIEHO, YTO MAKCUMYyMBI, COOTBETCTBYIOIIHE KprucTauiaM Al, COOTBETCTBYIOT
aToMHBIM TuIOckocTaM (111) m (200), a MakCHMyMBI, COOTBETCTBYIoImME KpucTamiaMm Fe3Os, COOTBETCTBYIOT aTOMHON
miockoctH (044). ITomydeHHbIe 3KCHIEPUMEHTAIBHBIE Pe3yJIbTaTh oKa3any, 9To Al n FesOs4 coXpaHSIOT CBOM CTPYKTYpHBIE
CBOMCTBA B CIIOUCTBIX TOHKHX CJI0sIX cucteMbl Al-Fe304, 1 BO3MOXKHO IPHUMEHEHHE CI0EB TOIUHON h > 30 HM B 2J1eKTpOHHKE.
Ecnu yuects, uro ToHkue mieHkH Al u Fe3Os, B3sIThIC 1O OTAENBHOCTH, OBUIM MOJYyYeHBI MEHBIIUX pa3MepoB: h = 15 u
tonumHo# 30 HM. Tem He MeHee, KpucTajuinueckas cTpykrypa Gopmupyercs. OCHOBHasI IPHYKMHA 3TOTO 3aKITI0YAETCS B TOM,
YTO KaXkA0€ M3 ITUX BEIIECTB KPHCTAIIM3YyeTCs B KyOMYECKHMX CHHTOHHSX C JOCTaTOYHO BBICOKOH cHMMeTpHeil.
COOTBETCTBEHHO, METOJJOM TEPMHYECKOTrO HAMBUICHHUS Ha CTEKJIE MOXHO c(OPMHPOBATH TOHKHU cioit Al u TOHKHH CIOi
Fe3O4. BBIIO yCTAaHOBICHO, YTO B ATUX CIIOSX COXPAHAIOT CBOM CTPYKTYpHBIE CBOMCTBA KaK CIIOM OKCHJA AIIOMHHHS, TaK U
OKCHJIa XKeJe3a.
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