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Juceprailiiiny po0OOTy MPUCBAYEHO BUBUYEHHIO 3MIHM THUIy MPOBIIHOCTI B
TOHKOIUTIBKOBHX reTepocucTeMax (epoMarHeTuk — IieJeKTPUK — (hepoOMarHeTuK Ta
dbepoMarHeTK — HAMIBIPOBIJHUK 3 BHUKOPUCTAHHAM EKCIEPUMEHTAIBHUX Ta
PO3pPaXyHKOBHUX METO/IIB.

B pamkax po6oTu Brepiiie OTpUMaHO HEraTUBHUN qudepeHIIHHUN omip pu
JOCTIKeHI eleKTpuaHuX BiactuBocted cucteM Fe/MgO/(Fe+C), Fe/MgO/Ni Ta
Fe/MgO/Co. Takoro pe3ynbTaTy BIA€ThCS JMOCSATTH 3aBISKH 3a0€3TMCUCHHIO
HEOHOPITHOCTI TOBIIMHU MJi€JICKTpUKA IPU BUTOTOBJICHI 3pa3KiB Ta BHOOPY
PI3BHOTUITHUX METAIIB B SIKOCTI BEPXHBOI'O Ta HUKHBOTO IIAPY JOCIIIKYBaHOI
reTepocTpykrypu. lLle 3a6e3nedye BiAMIHHICTG B 30HHIM OyI0BI METaIly 1HXKEKTOpa
Ta MeTaly JETEKTOpa MPHY MPOTIKAHHI CTPYMY Uepe3 BIAMOBITHUI KOHTAKT.

ExcriepuMeHTanbHO BCTaHOBIEHO, IO CTPyM SKHH TMPOTIKaE uepe3
orpuManuii  koHTakT cuctemu  Fe/MgO/(Fe+C)  crumymoe  mporecu
eJIeKTpoMIrparlii Byriemoo B 3amsi. Lle B pe3ynabTaTi NpuU3BOAUTH 10 3HUKHEHHS
00JacTi 3 HETaTUBHUM JAUQPEPEHINIHIUM OMOPOM 1 3MIHU TIPOBITHOCTI HA OMIYHY.

BcranoBiieHa 3aKOHOMIpPHICTh, IO YMM CYTTEBIMIUN XapaKTep 3pOCTaHHS
CTpyMy THM HWX4Ya Hampyra 3a SKOi BHHHKA€ 00JIaCTh HEraTHBHOTO
nudepeHIiiHoro omopy. 3a JOMOMOTOK ampoKCHUMaIlli OTPUMAaHMX KPUBHX
oOpaHor0 (YHKIIEIO MOKAa3aHO, 10 Ha TAKUM XapaKTep MPOBIAHOCTI BILIMBAIOTh
napaMeTpu, 110 BIJIMOBIIAIOTh 3a TYHEIIOBAHHS €JICKTPOHA Yepe3 MOTEHIIaIbHUN
Oap’ep SKUH CTBOPIOE JICICKTPHUK. JlOCHIIKEHHS EIeKTPHYHHMX BIIACTUBOCTEH
CUCTEMHU 3a 3HWKEHHS TEMIEpaTypd IOKa3ylTh MOJIMIIEHHS MPOBIAHOCTI Ta

301IbIIeHHS Toka3Huka PVR nocmikyBaHOro KOHTaKTYy.



TpuBane 3HaxomkeHHS 3paska cuctemu Fe/MgO/Fe 3a atmocdepu mpu
KIMHATHIA ~ TeMmeparypi NPU3BOAUTH 10 BUHUKHEHHS  BHUIIPSMIISTIOUHMX
BJIACTUBOCTEHN XapaktepHux ajs giona LIoTTki, Koou cTpyM B OJIHOMY HampsIMKY
BIPI3HSAETHCS 3a BEIMYEHHOIO BIJ CTPyMy B 3BOPOTHOMY HampsMKy. Lle
CIPUYMHEHO YTBOPEHHSM JE€(PEKTIB B BEPXHHOMY IIapi HAMOPOUIEHOTO METaly
MOB’SI3aHUMH 3 AU(PY31IHHUMHU MPOIIECAMU OKUCITIOBAHHS.

BcranoBneno, 1m0 JieryBaHHS ~— BYIJIEleM  KOHTaKTiB  3aji3a Ha
HaITBIIPOBITHUKOBIA MIAKIAAII N-TUIMY MPOBIAHOCTI TPHU3BOAUTL 10 3MIHU
MPOBITHOCTI 3 OMIYHOI OTPUMAHOI MJI YHCTOrO 3aii3a B EKCIOHCHINAIbHY
BUNIpsAMIIAtOUy. Lle moB’si3aHO 31 30UIBIIEHHSM POOOTH BHUXOAY EJEKTPOHIB 1
BIJIMOBITHO 3MEHIIEHHIO eHeprii depmi 3aiiza OpU JIEryBaHHI ByTJEHEM. 3
OTPUMAHHUX BOJBT-aMIIEPHUX XapaKTEPUCTHK KOHTAKTy pO3paxoBaHO 3MiHY B
poOOTI BUXOy €JIEKTPOHIB B 31131 32 BIAMNOBIAHIUX YMOB JIETYBAHHS BYTJICLIEM.

Po3paxoBano edextuBHuil KoedimieHT audysii Byriemo B 3ami3l OpH
IPOTIKAHHI ~ €JEeKTPUYHOro CTpyMy. BiH Ha Tpu TOpsSAKKM BHIIMKA 32
TEPMOAKTUBOBAHUM KoedilieHT Audy3ii, e O03Hayae, MO B TPAHCIOPTHI
XapaKTepUCTUKU BYTJELIO B 3aji3l JJIsi OTPUMaHMX 3pa3KiB OCHOBHUN BHECOK
MOB'SI3aHUH 3 €JIEKTPOMITPAITi€FO.

KarwuoBi caoBa: MTJ, BonbT-aMriepHa XapakTepUCTHKA, HETaTUBHUUN
mudepenuiinui omip, enexkrtpoaudysis, mion Llortki, enepria depmi, podorta

BUXOJIy €JIEKTPOHIB, )epOMarHeTHK, HAIBIPOBITHUK.



ANNOTATION
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As part of the work, a negative differential resistance was obtained for the first
time in the study of the electrical properties of the Fe/MgO/(Fe + C), Fe/MgO/Ni
and Fe/MgO/Co systems. This result can be achieved by ensuring the inhomogeneity
of the dielectric thickness in the manufacturing of samples and the choice of different
types of metals as the upper and lower layers of the studied heterostructure. It
provides a difference in the band structure of the metal of the injector and the metal
of the detector when current flows through the corresponding contact.

It has been experimentally established that the current flowing through the
obtained contact of the Fe/MgO/(Fe + C) system stimulates the processes of carbon
electromigration in iron. Consequently, the area with negative differential resistance
disappears and the conductivity changes to ohmic.

It is established that the faster the current increases, the lower the voltage at
which there is a region of negative differential resistance. By approximating the
obtained curves by the selected function, it is shown that this nature of conductivity
is influenced by the parameters responsible for the tunneling of the electron through
the potential barrier created by the dielectric. Studies of the electrical properties of
the system with decreasing temperature show an improvement in conductivity and
an increase in the PVR of the investigated contact.

Prolonged exposure of the sample of the Fe/MgO/Fe system to the atmosphere
at room temperature leads to the rectifying properties characteristic of the Schottky

diode, when the current in one direction differs in magnitude from the current in the



opposite direction. This is due to the formation of defects in the upper layer of the
powdered metal associated with diffusion oxidation processes.

It is established that carbon doping of iron contacts on a semiconductor
substrate of n-type conductivity leads to a change in the conductivity from the ohmic
obtained for pure iron to an exponential rectifier. This is due to the increase in the
work function of the electrons and, consequently, the decrease in the energy of the
ferrous iron during carbon doping. From the obtained volt-ampere characteristics of
the contact, the change in the work function of the electrons in the iron during carbon
doping was calculated.

The effective diffusion coefficient of carbon in iron during electric current
flow is calculated. It is three orders of magnitude higher than the thermally activated
diffusion coefficient, which means that the main contribution to the transport
characteristics of carbon in the iron of the obtained samples is made by
electromigration.

Keywords: MTJ, I-V characteristic, negative differential resistance,
electrodiffusion, Schottky diode, Fermi energy, electron output, ferromagnetic,
semiconductor.
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