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Puc. 13. Criektpbl koadduumenTa rpenomieHus (n) u sakctuHkmu (k) mierku BFO/BTO/NZF

tommuuHo# 100 HM 110 (a) 1 Tocte (6) oTkura

Jlnsi OTOOKEHHBIX TUICHOK HE MMEET MECTO JIMHeapH3alKs 3aBUCHMOCTH ho(s,)"? ot hw, aro
ykasbiBaeT Ha (axt HecoorBercTBHs Moaenu Tayua. ITo 9Toi mpuuuHE TPUMEHEH JIpYroi
noaxoi. Ilpyu KBaHTOBO-MEXAHWYECKOM ONUCAHWM MPOLECCOB MOVIOUICHUS B BEIIECTBAX C
yueroM MapaboMueckoro 3akoHa JMCIIEPCHM B 30HAX  CIpaBe/UIHBa (dopmyia, TIE
k0o((UIMEHT TIOTTOMEHHS O CBS3aH C ONTHYECKOW UIMPWHON 3aMpelleHHOW 30HbI £,
cneaylomwmM  06pasom: ahw = og(hw — Ep)', rae y = 2 COOTBETCTBYET pa3pelieHHbIM
TpAMO3OHHBIM OTITHYECKHM MEPEXoaM, a Y = 2 - paspeiieHHbIM HeNPSIMO30HHEIM TIEPEX0IaM.
Ananuz Eg 118 OTONOKCHHBIX [UICHOK [M0Ka3ajl MPUCYTCTBUE PA3peLICHHBIX MPSIMO30HHBIX
Nepex0/10B BHE 3aBUCHMOCTH OT TOJIUIMHBI TICHOK C Eg;= 3,1 3B (puc.14 6).
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Puc. 14. 3aBucumocTy: a - ho(e2)"? ot ho s nnenoxk BFO/BTO/NZF pasnuuHoi TONIMHBL

6 - (0thw)? oT he 17151 OTONOKEHHOM TUIEHKH TOMUUHOM 100 HM
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VYnensHoe CONPOTHUBJIEHUE HEOTOAOKCHHBIX MICHOK OYEHb MAJIO U paBHO 0,1 OM'CM, 410
06}’CHOBJ'1€HO HAJIMYUEM METAUIMYECKOH YacTh U KUCIIOPOAHBIX BaKaHCUIi. OTKUT 3HAYUTENBHO

YBEJIMYUBAET YACJIILHOE CONPOTUBIIEHUE TJICHOK, IOBOJIS €ro 10 7- 107 OM-cM.

OCHOBHBIE BbIBO/IbI U PE3YJILTATbI

1. PaspaGoranet Texwonmornn CBC ¥ nonydeHus KepaMuKH  CIOKHOOKCHIHOIO
komnosurHoro BFO/BTO/NZF wmarepuana. TlonydeHHbIC KepamMHKH JEMOHCTPUPYIOT
GombIIyI0 JMAJIEKTPUUECKYIO TIPOHMIIaEMOCTh (€ = 450), Maiblii TaHrewc yrjia mnorepb
(tg8=0,03) u cerneroanexrpuyeckuii rucrepesuc [1, 4, 8].

2. Pazpaborana Ttexonorns WJIH manonnenok CM BFO/BTO/NZF Martepuaia M
TEXHOJIOTMS MOJIY4EHHS! KOHJCHCATOPHBIX CTPYKTYp Ha OCHOBE THX MIEHOK. ITomyueHsl
TOJIMKpUCTaIYeckue rieHkn Tomuunoi 30...300 aM Ha momnoxkax candupa (c-Al,O5)
u ITO/SiOy/Si. WccnenoBaHo BIMSHHE TEXHOJIOTMMECKMX pPEXHMOB HAa  COCTaB,
MUKPOCTPYKTYPY 1 MOP(OIOTHIO MOBEPXHOCTH MOy YEHHBIX MieHoK [7, 8].

3. Ha ocnoe BST mueHok, ocaxaennsix meronom MITH Ha momioxkkax SiO,/p-Si, Hambie-
HUEM CepeOpsHBIX JNEKTPOIOB MOMYYCHBI MIaHAPHBIE BAPUKOHABL [10Ka3aHO, YTO OHM
MoryT paborarh B o6nactu CBY, umetor cnabyio TeMrepaTypHylo 3aBHCHUMOCTE Xapak-
TEPUCTHK, DOIbLIYIO MepecTparBaeMocTh (70%) u Huskoe paGouee Hanpskenue (3 B) [6].

4. wonexrpuueckas nponunaemocts BFO/BTO/NZF nieHok no cpaBHEHHIO ¢ KEpaMUKOM
YMEHbIIMIACh U nocTuria € = 210, a TaHreHc yria notepk yBemamics go tgd = 0,07 [7].

5. B kouneHcarophoii crpykrype In/BFO-BTO-NZF/ITO BoisiBieH MarHuTOAM3IEKTPHUYEC-
K 5 dexT: Npu MHAYKUMK MarHuTHOro nons | Tn € ymeHbiaercs Ha 6%. Hannume
MarHUTOAUIIIEKTPUIECKOTO IYPEKTa CBUACTENLCTBYET O CBS3M CETHETONEKTPUUECKUX H
(eppomaruuthbx cucrem BFO/BTO/NZF [8].

6. Uccnenosan rucrepesuc monspuzaunn BFO/BTO/NZF nneHoK, 10Ka3aHo, 4TO OHM
TPOSBIISIIOT CETHETOINICKTPUYECKHE CBOWCTBA C KOJPUMTHBHBIM moneM 15 kB/cv u
0CTaTO4HOM nonspusanmeit 7 MxK/cm? [8].

7. BFO/BTO/NZF nneuku tonuunod 100 uvm B Buanmoit 1 UK vactsx CMEKTPa MMEIOT
niportyckanue ropsiaka 80%, Gonbumiod kosdduiment npenomnenus (n = 2...3) u HyneBoi
K03 huumenT 3kcTHHKIMK [7].

8. Jlns oroxoxennsrx BFO-BTO-NZF muieHok yaemsHOe cONpoTHBIICHNHE paBro 7-107 Om-cw,

IIMPUHA ONITHYECKOr0 3anpeTHoM 301k £, =3,1 3B [7].
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. Uwpunhpnujwb U4, Fwonnjub 2.0 BiFeO: uhliptqp' PAU wbjuninghuyny b
Yepudpjulul wnplbph vnugnudp /7 2182 (Mnhntjutihy) Tpuptp. Shuowgub
b Ukpnnuljut hnpjusutph dnnnywdnt.- 2010.- 2. 2, No1.- ke 322-325:

Buniatyan V.V., Martirosyan N.W.,MBegoyan V.K., Dashtoyan H.R., Khachikyan L.E.

Oxygen vacancy affect on ferroelectric characteristics (Part 1)/ Proceedings of Engineering
of Academy of Armenia.- 2011.- Volume 8, Ne 2.- P. 375-381.

Buniatyan V.V., Martirosyan N.W., Begoyan V.K., Dashtoyan H.R., Khachikyan L.E.
Oxygen vacancy affect on ferroelectric characteristics (Part 2)// Proceedings of Engineering
of Academy of Armenia.- 2011.- Volume 8, Ne 3.- P. 542-549.

. Phgnjut 9.4., Fwpnnjub 2.0r., Uniphwgjut L. U., Udugub N.L. BaTiO; b SrTiO;
YEpudhjuljut tdniputph nhkEhnphly hwnnipniuutph ghplwunmpgubughtt b
hwdwhujuiughtt yuhwsdnippibibph hbnwgnunudp / 2M&2 (Mnjhukuthly)
Lpwptkp. Shinnwljut hnpjudubtph dnnnudnt.- 2012.- Nel.- k9 361-365:

. Mupunnjub 2.0k, Fwpnnjut Znjh.}. Uknwnuluwb punubpttph uwnwgnudp
pupdphwdwuljubughtt thnpkuunbgdwdp junmwpbjuqnpdywsd BYIT-2K nkqu-
Yuyutpnud // 2N&2 (Mnjhnkjauhly) Lpupkp. Shnwut hnpjusttph dngngwsnt.-
2012.- Nel.- Eg 358-361:

. Thupunnjutt 2.0k Bag,sSro7sTiO;  hhupny  Ubkwnwn-$tpnttnphy-nhttiwnphy-
Yhuwhwnnpnhy juengudph hwnynmpnittitph htnwqnunwdp / 22 90U
2M&Z2 mbnkhwghp. S ubphw.- 2012.-2. 65, Ne4.-E9 400-405:

. ABaxsan K.9., bByuuarsan B.B., Jamrosn A.P. OnTuueckue CBOWCTBA HaHOpPa3MeEpPHbIX
KkoMno3uTHbIX MieHok BiFeO; /BaTiOs/NigsZngsFe,O4, momyyeHHbIX METOIOM Ja3epHO-
umMnysbcHoro ocaxaenus // U3sectus HAH PA. ®usuka.-2013.- T.48, Ne3.- C. 203-207.
Maprupocsn H.B., lamtosin A.P. [TonyyeHre TOHKUX CErHETOMArHUTHBIX KOMMO3UTHBIX
nneHok BiFeOs/BaTiO;/NigsZng sFe;04 METOZOM MMITYILCHOTO N1a3epHOTO HarbuieHus //
Bectnuk 'HYA. Cep. “UndopMaurioHHble TEXHOJIOTMU, INEKTPOHUKA, PaAMOTEXHUKA .-

2013.- Boim. 16, Ne 1.- C. 61-65.
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dbpght  wwphutipht  hGnwgnnnnubiph  Ynndhg  J6& npwnpniRjwu G
wnpdwuwgt)  bpnklnpwiwquhuwlywt  Unyebipp: dbpnkGywnpwdwquhuubpp
dhwdwdwuwly U dbpnfbywpwlwt b PEpndwquhuwlwt
hwwinynigniutibin: Wu Ujniebipp gunphhy hptitg wnwuduwhwinynipiniuubph’ JGs L
hwdwiwpbip nhtiEhuphy pwihwlgbihnyejwl, nhbEhnphluwluwl U owwhywlwl
Wwpwdbuptiph ng qéwjunpjwl U dwqUhuwkibyunpwlwy plinypubph, Ywpnn bGu
(Wt Yhpwnnieini quntby tubipquiwtwiu b pwqdwyhuwl hhowuwppbpnud, 9RL
Eleyupnuhywynud, uwhtnpnupuinud, owwnhlwnwd, nhsubipnud, wynwwnwkEyunpp-
Ywlywt b dhypndbluwbhywlywl uwppbpnu:

gnigwpbipnid

Uwnbbwfununipyut opgwiwynud wnweht wuqwd hbnwgningt & hwdwlgwd
pwpn. opuhnujhu  BiFeOs/BaTiOs/NiosZnosFe:0s (BFO/BTO/NZF) $btipnttljnpwidwg-
Uhuwlw Ujnyep: Upwlyty £ huptwwnwpwdynn pwpdapgbipdwuwnhwuwihtu uhuptigh
U Ytpwdhyuwih unwgdwu nbfutuninghwl: Unwgdws Ytpwdhywutpp gnigwpbipnid
Gu d&d nhbibyunphly pwihwugbihnieiniu (e=450), thnpp  Ynpnwwntibph wuljwu
wnwgbu (tgd=0,03) U putinwgdwl hhuwnbiptighu [1, 4, 8]:

Uowldty £ hdwynyuwiht
BFO/BTO/NZF  ujnieh  UwUunpwnwupubph

wabipwht  thnpbbunbgdwu  (PLP)  dbpnnny
unwgdwt  wbfuunnghwt b wyn
pwnwupubtph  hhdwt  Jpw  Ynunbluwwnnpwih  Ywnnigwdptbinh unwgdwu
wbfuuninghwt:  Unwgytiy bu  pwqdwpnipinuiht - 30...300  ud hwuwnnipjwdp
pPwnuupttin uwwhhph (c-Al0s) L ITO/SI0Y/Si hwppwlutinh Ypw: Lhinwanunytip tiu
ibifutininghwlwt  ntidhdutinh  wantigniamup  unwguwd Pwnwlputiph  punwn-
nnyejwl, dhypniwnnigqusph b dwitipingph dnpbninghwh pw (7, 8):

PLP dtpnnny unwgywsd BaoasSrozsTiOs (BST) pwnulipltinh hhdwl pw

unwgyll tu  Ag/BST/SiO/p-Si

Yunnigqwdpny  wywlwp  Juphynuntitin,  npp
hwwinynipniuinh hiwgnuinwdp gnyg ndtig, np wyt Guipnn E wpluwiinby 9P<
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nhpnyend, nh puniewgpbph  enyp obipdwunphbwuwiht  Ywiujwénipiniu, Jdbd
hwdwwpbhniegyniu (70%) b quédp woluwwnwupwihu jwpnd (3 4) [6]:

Chwnwgnundl  Gu BFO/BTO/NZF  pwnwuputnh  nhbtlunphy  pwihwugh-
(hnieintup,  Ynpnwwntbph wuljwu  wnwugbup b npwug  hwéwhuwlwuwhu,
oipdwumnhtwuwihu Ywfujwsdnipniubtipp: UGujwlwiht gbpdwuwmptwund b 104<g
hwbwfunipjwu nbwpnud £=210, hul tg8=0,07:

Uunwgywd In/BFO-BTO-NZF/ITO Ynunbuuwwmnpwiht unnigywdpnid nhunynud £
dwquhuwnhbyunpwlwu Gpunye' 1 Sp hunnyghwiny dwquhuwlywl nwownnud ep
ujugnud £ 6%-nd: Uwquhuwnhbyupwywu Gpunyph wnlwnyginiup Jyuynud
BFO/BTO/NZF-h  $bpnbityunpwlwu b $bpndwqUpuwlwt  hwdwwpgbph  Yuwh
dwuhl:

Unjtip-Swinitiph ufubdwh hhdwt dpw dywyjwsd pywiht uwppny hbnwgninyb) §
BFO-BTO-NZF pwnwuputph pubnwgdwt hhuntptighup, wju gnigwpbpnud k
$tipnkiYnpwlwu hwwnynyeyniuutp’ Ynkpghwnhy nuownp 15 Y4d/ud, duwgnpnwiht
putnwgnidp 7 dy4/ud? punipwgntipny [8]:

([Fwnwuputph owywhywlwl hwwnynyeniututpp htnwgnundb) Gu 250...1000 ud
wppnypnud: BFO/BTO/NZF  pwnwupltipp gnigwpbpnud Gu Jdté pblydwu  gnighy
(n=2...3) L gpnuiwt Jwpdwlt gnpéwyhg uwblunph wbuwubh L dnn hY
nhpnypnud:  Owwhlywlwlt swihnwubiph  Jbppndnyeyjudp npnadb) £ owwunplwlwt
wpgbdwu gnuinnt jwjuniegyniup, npp Yuqub) £ Eg = 3,1 E4:

fpdJws 100 ud hwuwnnpjwdp  pwnwupltph  hwdwp  wbGuwlwpwp
nhdwnpnigyniup 7-107 Ohd-ud k, pwthwugbhnigniup  wbuwubh L dnn hY
nppnypnud’ ~80% [7]:

Uowlwsd wbluunnghwubpp b wunwgdwé  $bpnkblunpwiuqupuwlut
unptph  YGpwdpywu L pwnwupubpp  nipwhwwny  EEGunpwdbhghyuwywl,
nhtGhuppluwlywu b owwhlwywlu  hwwynyenuutiph  gunphhy  Ywpnn  Gu

ogunwgnpddtp  9PL EEYunpnupywind,  wihpwwnwpubph,  Juphynunbpp,
Jwquhuwlwu nwawnh wnghsubph b wy) uwppbph ywwnpwundwu hwdwp:
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HARUTYUN ROBERT DASHTOYAN

DEVELOPMENT OF MULTIFERROIC BASED NANOELECTRONICS STRUCTURES
FABRICATION TECHNOLOGY AND RESEARCHING THEIR PROPERTIES

SUMMARY

During recent years, great attention has been given to multiferroic materials by the
researchers. Multiferroics simultaneously exhibit ferroelectric and ferromagnetic properties.
These materials can be used in nonvolatile and multistate memories, microwave electronics,
spintronics, optics, sensors, acoustoelectric and micromechanical devices due to their unique
properties: great and tunable dielectric permittivity, nonlinear dielectric and optical parameters
and magnetoelectric phenomena.

In the framework of the thesis the complex oxide composite multiferroic

BiFeOs/BaTiO3/Nip sZng sFe;04 (BFO/BTO/NZF) material has first been investigated. The
technology of the self-propagating high-temperature synthesis and the ceramic technology were
developed. The fabricated ceramics exhibit high dielectric constant (¢ = 450), low loss tangent
(tgd = 0,03) and ferroelectric hysteresis [1, 4, 8].

The technology of pulsed laser deposition (PLD) nanoscale films of BFO/BTO/NZF
material and technology of capacitor structures based on these films were developed.
Polycrystalline films with thicknesses of 30 ... 300 nm on sapphire (c-Al,0;) and ITO/SiO,/Si
substrates were obtained. The influence of process conditions on the composition,
microstructure and surface morphology of the films were investigated [7, 8].

Based on Bag ;581 7sTiO; (BST) thin films obtained by PLD, planar varactors with the

structure Ag/BST/Si0,/p-Si were fabricated. The studies of the properties of which have shown

that they can work in the microwave range, have a weak temperature dependence of the
characteristics, great tunability (70%) and low operating voltage (3 V) [6].
21
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Dielectric constant, loss tangent and their frequency and temperature dependencies of
BFO/BTO/NZF films were investigated. At room temperature and the frequency of 10 kHz,
£=210 and tgd = 0,07.

The In/BFO-BTO-NZF/ITO cébacitor structure reveals magnetodielectric effect: in the

magnetic field of 1 T, ¢ is reduced by 6%._The presence of magnetodielectric effect points to the
connection of ferroelectric and ferromagnetic systems of BFO/BTO/NZF.

The polarization hysteresis of BFO/BTO/NZF films was studied by digital device based
on Soyer - Tower circuit. The films show ferroelectric property with the coercive field 15
kV/cm and with a remanent polarization 7 mkC/em® [8].

The optical properties of the films were studied in the range of 250 ... 1000 nm. The
BFO/BTO/NZF films show a large refractive index (n = 2..3) and nearly zero
extinction coefficient in visible and near infrared range of spectrum. By the analysis of optical
measurements, the optical width of the forbidden band was defined, which was Eg = 3.1 eV [7].

For annealed BFO/BTO/NZF films with thickness of 100 nm, the resistivity is 7-10” Q-cm
and transmittance is 80%, in the visible and near infrared range of the spectrum.

The developed technologies, fabricated ceramics and films of the multiferroic materials
can be used in microwave electronics, waveguides, varactors, magnetic field sensors and for

preparation of other devices, due to the unique electrical, dielectric and optical properties.
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