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AHHOTaUMSA

Onucana paspaboTaHHas KOMOMHHPOBAHHAS UYHCJIEHHaAs CaMOCOTJIAco-
BaHHAsA MOJEJb JJIA pacuera dJIEeKTPUUECKUX XapaKTEePUCTHUK MHOT00a-
PBEPHBIX HAHOCTPYKTYP HA OCHOBe AByxcJjoiiHOTO rpadena. C ee mcmosb-
30BaHMEM pacCUMUTaHBI BOJIbT-aMIepHble xapakTepucTuku (BAX) tpex-,
YeThIpex- U NATHOAPhEPHBIX PE30HAHCHO-TYHHEJAbHBIX AuoxoB (PTMH) ma
ocHOBe rpadeHa Ha NOIJIOMKKe NuOoKcmia Kpemuusa (SiO,). Hccaenosa-
HO BJIUAHUE IUPUH 0apbepoB U KBAaHTOBBIX M Ha BAX TpexbGapbepHBIX
PTIl ma ocHOBe rpadena Ha noajoxkke SiO,. PaccMOTpeHBI CTPYKTYDPHI
C CUMMETPUYHBIMU OapbepaMu U AMaMu. ¥ CTAHOBJIEHO, UTO yBeJMUeHUe
IIUPUH KBAHTOBBIX AM IPUBOAUT K CYIIECTBEHHOMY YMEHBIIIEHUIO IIJIOT-
HOCTell MMKOBBIX TOKOB U TOKOB [JOJUHBI, & YBeJIUUYEeHNE IIUPUH IIOTEH-
IAAJBHBIX 0apbepoOB MPUBOAUT K HE3HAUYUTEJIHHOMY YMEHBIIEHUIO IJIOT-
HOCTU TOKAa IIEPBOTO IIMKA, a TaKiKe K YBEeJIWYEHUIO IJIOTHOCTEH TOKOB
BTOPOT'O MUKA U JOJUHBI.

PaccunTaHbI TaKKe 3aBUCUMOCTHU IIJIOTHOCTEI TOKOB OT HANIPSKEHUN AJIsA
PTI c yeThIpbMA U IATHIO OapbepaMu Ha OCHOBE INeKCaroHaJIbHOTO HU-
tpuga 6opa (h-BN) u nguorcuzna xpemuusa (SiO,) m KBaHTOBBIMU SIMaMU
Ha OCHOBe AByXcJoiHoro rpadena. IIpoBemeno cpaBuenue BAX wuccie-
moBanHbIX PT]I.
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Abstract

Graphene exhibits a number of unique electrical, optical, thermal and other
characteristics. Its use, in particular, is promising in the development
of new nanoelectronics device structures. Conducting theoretical and
experimental research of various types of nanostructures based on carbon
nanomaterials will allow us to conclude which of them can later become
a new device base for nanoelectronics.

A combined numerical self-consistent model for the electrical
characteristics calculating of multi-barrier graphene-based nanostructures
is described. The developed model of the wave function formalism is based
on a numerical self-consistent solution of the Schrodinger and Poisson
equations. This model is of the combined class, since it is based on the
use of semiclassical and quantum-mechanical approaches for describing
the contact and active regions of the structure.

Triple-barrier resonant tunneling diodes (RTDs) with quantum wells based
on bilayer graphene are the objects of study in this work. The influence of
the material of potential barriers on the current — voltage characteristics
(IV— characteristics) of such structures is investigated. Corresponding
calculations were carried out using the developed combined numerical self-
consistent model. The influence of the widths of barriers and quantum
wells on the IV-characteristics of triple-barrier RTDs based on graphene
on a SiO, substrate is studied. Current densities vs voltage curves are
obtained for such structures with symmetric barriers and wells. It was
found that an increase in the width of quantum wells leads to a significant
decrease in the density of peak currents and currents in the valley, and
an increase in the width of potential barriers leads to a slight decrease in
the current density of the first peak, as well as an increase in the current
density of the second peak and valley.

The paper also presents the numerical simulation results of four- and five-
barrier RTDs with quantum wells based on bilayer graphene. Multibarrier
structures with barriers based on hexagonal boron nitride and silicon
dioxide are studied. The influence of the potential barriers number and
of their material on the shape of the IV-characteristics of the structures
under study was analyzed.

Keywords
Simulation, graphene, resonant tunneling diode, multibarrier
nanostructures, wave function formalism, combined numerical model
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BBepeHue

PasBuTue HaHOTEXHOJIOTHMU IOCJEAHUX MECATUJIETHI IIpUBe-
JIO K CO3MaHWIO0 HOBBIX HAHOMATEPUAJIOB, 00JAAIONTUX ITHUPOKUM
CIEKTPOM YHUKAJbHBIX BJIEKTPUYECKUX, ONTUYECKUX U MAarHUT-
HBIX CBOIiCTB. K HMM MOKHO OTHECTU CUHTE3WPOBAHHBLIE ABYyMeEp-
HbIe MaTepUaJibl U FeTEPOCTPYKTYPHI, COCTOAINE U3 CJI0EB rpadeHa
u h-BN, MoS,, WS,, SnS,, MoSe,, WSe, u ap. [1-3].

IIporpecc B usyuenuu rpadeHa 1 ero CBOMCTB CBUAETEIbCTBYET
0 BO3MOJKHOCTH €ro IMPUMEHEeHHs He TOJbKO B 3JIeKTPOHHOI MIpo-
MBIIILJIEHHOCTH, HO TaKJKe U B IPYTUX OTPACISAX HAPOJHOTO XO3AM-
ctBa [4]. 'padeH MOKET MCIOJIB30BATHCA B 3JEKTPOHHBIX KOMIIO-
HeHTax W nHTerpaabHbix cxemax (MC), B 4aCTHOCTHU TIPU CO3AAHUU
TPaH3UCTOPOB, AUOM0B, CYIIEPKOHIEHCATOPOB U T.I1. Tak, HaIpuMep,
IVOABI M TPAH3UCTOPHI Ha OCHOBe TrpadeHa 00JaAai0T PIIOM IIPEU-
MYIIECTB IIepe]] MOJYyITPOBOAHNKOBLIMY aHAJIOraMu, CPequ KOTOPBIX
MOXKHO BBIJIEJIUTH BBICOKYIO PabOUyI0 YacTOTY IPUOOPOB BCJIEICT-
BUE BBICOKOI IMOABMKHOCTY HOCUTEJEH 3apsana B rpadeHe. OTU KOM-
TMOHEHTHI MOTYT C YCIIEXOM KCIIOJb30BAThCA B KaUeCTBE aKTHUBHBIX
3JIEMEHTOB BBICOKOYACTOTHBIX '€HEPATOPOB U CBEPXOBICTPOIEHICTBY-
IOIUX JIOTUYEeCKUX BEHTUJeH, a, clefoBaTelbHO, UX IIPUMEHeHe
B BBIUUCJIUTEJBHOU TEXHUKE MOJKET IPUBECTH K CYIIECTBEHHOMY
pPOCTy ee IPOU3BOAUTEIHLHOCTH.

IIpoekTpoBaHMe HAHO3JEKTPOHHBIX CXEM C HCIIOJb30BAHUEM
IpUOOPHBIX HAHOCTPYKTYP HA OCHOBe rpadeHa W JoBegeHMNEe UX 0
TIPOMBBOICTBA 63 COOTBETCTBYIOIEr0 MHCTPYMEHTAPUA MOIEINPO-
Bauus (haKTUUECKU HEBO3MOXKHBI. B cBsA3M ¢ 9TUM paspaboTKa agekK-
BaTHBIX (pUBUKO-MaTeMaTUUECKUX MOJeJIeH U CPeJCTB MOJeJTUPOoBa-
HUSA 9JIEKTPUYECKUX CBOMCTB KBAHTOBO-Pa3MEPHBIX HAHOCTPYKTYD Ha
OCHOBe rpadeHa sIBJIsdeTCSI aKTyaJabHOU 3amaueii. B HUJI 4.1. BI'Y-
WP, maunnas ¢ 2014 r., BegeTcs paspadboTka Mozaesaei MpudOPHBIX
CTPYKTYP Ha OCHOBe I'pad)eHa U yrJIepOAHBIX HAHOTPYOOK, B TOM UH-
cje mMojesiei ayia ucciaenoBanua xapaxrepuctuk PTIL [56—7] u rpa-
(deHOBBIX TpaH3uCcTOPOB [7—9].

B kauecTBe 00bEKTOB MCCIENOBAHNA B JAHHON paboTe BHIOPAHBI
MHOTOOaphepHbIe KBAaHTOBO-PA3MEPHbIe HAHOCTPYKTYPBLI Ha OCHO-
Be rpadeHa. IlepceKTUBHOCTh UCIIOJb30BAHUA MHOTO0APHEPHBIX
CTPYKTYP Ha OCHOBE YIJIEPOAHBIX MAaTEPHAJIOB CBA3aHa C BOBMOYKHO-
CTHIO IPOEKTUPOBAHUSA HA WX OCHOBE JIOTUUYECKUX AUeeK, Ja3epoB,
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COJIHEUHBIX BJIEMEHTOB, (poTomerekTopoB [4]. Maccussr PT/I Henas-
HO KCII0Jb30BAJVICh B KAUEeCTBE TeparepIiioBbiX ociuaasaTopos [10].
Hamr omwIT mcciiefoBaHUSA MHOTOOCTPOBKOBBIX OJHO3JEKTPOHHBIX
menoueKk m mMaccuBoB [11—-14] mokasnIBaeT, 4TO MOMOOHBINA TOAXOM
MOJKET HCIIOJIb30BaThC, C OJHOI CTOPOHBI, IJIS IIOCTPOEHUS IIEI0-
YeK ¥ MaTPUIl MHOTO0apPhePHBIX PE30HAHCHO-TYHHEJIbHBIX CTPYKTYD,
a ¢ Apyroii — mjid paspaboTKu (PYHKIIMOHAJIbHO-UHTETPUPOBAHHBIX
anemenToB VC [14; 15] Ha ux ocHOBe.

Ucnonb3yemas mogenb

PaspaborarnHasa Monenb IJid pacueTa dJIEKTPUUECKUX XapakKTe-
PHCTHUK MHOT00AapbepHBIX HAHOCTPYKTYP HA OCHOBE IBYXCJIOWHO-
ro rpad)eHa OTHOCHUTCS K KJaccy KOMOMHUPOBAHHLIX [14], TaKk Kak
OCHOBaHA Ha MPUMEHEHUH IMOJYKJIACCUYECKOTO U KBAHTOBOMEXAHMU-
YECKOTO ITOX0/I0B AJIs ONUCAHUA MPUKOHTAKTHBIX U aKTUBHBIX 00-
gacteit cTpyKTyphl. s yuera sdh(PeKTOB CHUILHOTO JEeTUPOBAHUS
B IPUKOHTAKTHBIX 00JIaCTAX TPUMEHIETCA O0JBIIMAHOBCKAA alIPOK-
cumanud cratuctuku @epmu — Hupakra [14]. KoHlleHTpaus aiek-
TPOHOB B aKTUBHOM 00J1aCTH HAXOAUTCA B PE3YJIbTATE CAMOCOTJIACO-
BAHHOTO YMCJIEHHOTO pellleHus cucTeMbl ypaBHeHwuii Illpemnuurepa
u Ilyaccouna. [Insa paccmarpuBaeMbix MHOTOGaphepHbIX PT/I Ha oc-
HOBe rpadeHa K aKTUBHOU 00JIaCTU OTHOCATCA IIOTEHIIMAJIbHbIE Oa-
PBhephI U pacIoJiosKeHHbIe MeKAY HUMHN KBaHTOBbIe AMBI. Kosmuue-
CTBO IIOTEHIIMAJILHBIX 0apbepoB U AM, UxX (hopMa U reOMeTPpUUECKUE
pasmMepsl MOTYT BapbUPOBATHCA.

B kauecTBe MCXOIHOM UMCJIIEHHOM CaMOCOTJIACOBAHHOM MOZEJIN
KCIIOJIb30BaIach KOMOMHUPOBAHHAA MOJe/Ib MPUOOPHBIX CTPYKTYP
paboTsl [6], amanTUpoBaHHAA AJIA CAydass pacuera MHOT00apbepPHBIX
PT]Il Ha ocuoBe rpagena. Vcmosb3yeMble ypaBHEHUA, HaUYaJbHbBIE
YCJI0BUSA, a TaK:Ke MOJyUYeHHbIe B Pe3yabTaTe KOHEUHO-PAa3HOCTHOMR
AIIPOKCUMAIINY COOTHOIIEHUS AJISA I'PAHNUYHBIX U BHYTPEHHUX TO-
YyeK IpuOOPHOU CTPYKTYPHI MpUBEAeHbI B paborax [6; 16; 17].

Paccmorpum Heo6xoxmMble 0COOEHHOCTH peanmsanuy paspabo-
TamHOM Mozesnu. CHavajia 3aJal0TCs JaHHEBIE 00 MCCIeayeMOMi CTPYK-
Type, K KOTOPBIM OTHOCATCSA: YMCJIO 00JacTell, UX pasMephl, BbI-
cora u ¢opma O0apbepoB, d3(hGeKTUBHAA Macca, AUIJIEKTpUUecKad
IIPOHUITAEMOCTh MATEePUAJIOB 00JlacTeil M KOHIIEHTPAIUA JIETUPY-
forreit mpuMmecu. Jlajee BbIOMpPaeTCs aJTOPUTM ITOCTPOEHUS CETKU
MIPOCTPAHCTBEHHOU AWCKPETH3AI[UM, a UMEHHO: PABHOMEDPHON WU
HepPaBHOMEPHOH CEeTKM B 3aBUCUMOCTU OT TPeGOBaHUI K perraeMoi
3azayde. 3aal0TCA TaK:Ke MCXOIHBbIE TTapaMeTphl AJA MOJAEJIUPOBa-
HUS, KOTOPHIMU SIBJSIOTCS MPUKJIALbIBAEMOE CMeIleHre WU Jua-
Ia30H er0o M3MEeHEeHUs, NNana30H 9HEePTuil I pacueTa Koadduiiu-
€HTa IMPO3PAUYHOCTH U IITar M3MEHEHUs STUX IIapaMeTPOB, a TaKiKe
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TeMmepaTrypa u KBasuypoBeHb @Pepmu. MiMeHHO Ha 9TOM sTame 3a-
nmaeTcs TpedyemMas TOUYHOCTH IPOBEIEHUSA PACUETOB.

g Hauajga pacueToB HEOOXOAMMO OIIPENEeJUTh HauaJbHOe IIPU-
OsMIKeHMe IJIA MOTEeHIINAJA, KOTOPOE 33 aeTCA UCXOA U3 TPEITI0JIO-
JKEeHUU 3JIEKTPOHEUTPAIbHOCTHY U CIIPABEIJIMBOCTH JIJISI ITOABUIKHBIX
HocuTeJiell 3apAma 00JBIIMAHOBCKOM aNIPOKCHUMAIIUU CTATUCTUKU
®depmu — upakxa aas Bcero npubopa. Ilocsie aToro ¢ moMoIsio ca-
MOCOTJIACOBAHHOTO YMCJEHHOTO PEIeHUsA OJHOMEPHBIX YPaBHEHUN
IIpenuurepa u Ilyaccona peritaercs TpaHCIOPTHAA 3aada AJIA 30HBI
npoBogumocTu. IIpu arom ypaBHenue Ilyaccona pelrmaercss Bo Bcei
o0stacTu MPUOGOPHOM CTPYKTYPHI MEXKAYy KOHTaAKTaMU, a YpaBHEeHIe
IIpenuurepa B 3agaHHON 00J1aCTH, BKJIOYAOIIEH aKTUBHYIO. B pe-
3yJbTaTe BHIUMCJIEHUN HAXOAUTCA CAMOCOTJIACOBAHHBIN ITOTEHITAJ
" 3apAn B mpubope.

Ha BTOpOoM sTame umcieHHO pelraeTcs TOJbKO ypaBHenue Illpe-
IWHTEepa AJIA 30HBI IIPOBOAMMOCTU. Ha OCHOBe MHOJIyUYeHHBIX BOJI-
HOBBIX ()YHKIIUH PACCUUTHIBAECTCA KOI(MPUIIMEHT MPOXOKIEHUSI.
Il1oTHOCTE TOKA paccUMTHLIBAETCA HAa OCHOBE M3BECTHOHN (POPMYJIBI
Tcy-Ecaku.

PesynbTathl MOOENMpoOBaHUS

CTpyKTypa mcciaenyeMbix Tpex6apbepunoix PTI] Ha ocHoBe rpa-
(eHA U COOTBETCTBYIOIAA 30HHAA AUarpaMMa IIPU HYJIeBOM HAIPs-
JKeHUM IIpeAcTaBJIeHbl Ha puc. 1.

1
N S S S S
2
H,
I: Wr =‘wb14 dl :Awbg: d, :‘wlﬁ: i :!

Puc. 1. Crpykrypa Tpex6apbepuoro PT]I Ha ocHoBe rpadena
U 9HepreTuuecKas quarpaMma 30HBI mpoBoguMocTu: 1 — rpades;
2 — MOJJIOMKKA; 3 — KOHTAKTEI

Fig. 1. Triple-barrier graphene-based RTD structure and conduction
band energy: 1 — graphene; 2 — substrate; 3 — contacts

K axrtuBHOii obsactu TpexbapbepHbix PTI] oTHOCcsATcA obaacTu
0apbpepoB ¢ MIUPUHAMU W,,, W,,, W,; 1 BeICOTOI H,, a TaKKe 3aKJIIO-
YeHHBbIE MEXXAY HUMM! KBAHTOBBIE AMBI ¢ mmpuHamu d, u d,. Ilac-
CUBHBIMU OOJIACTAMU [Jis TJAaHHBIX CTPYKTYP ABJIAIOTCSA obJiacTu
rpadeHa cO CTOPOHBI HSMUTTePa W KOJIJIEKTODPAa, PACIIOJIOMKEeHHBIe
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MeKIy KOHTaKTaMU M 0apbepaMy aKTUBHOM 06JIaCTU C ITUPUHAMU
W, ¥ W, COOTBETCTBEHHO (puc. 1). MonennpoBaHue IPOBOAMUIIOCH CJIe-
IYIOIIUX OCHOBHBIX IapaMeTpax: IMIMPUHBLI IPUKOHTAKTHBIX 00JIa-
creit — 17 HM, KOHIIEHTPAIUA IIPUMECH B IPUKOHTAKTHBIX 00JIaCTAX
N,=17,5-10% m2, remneparypa oxpy:katoiei cpeast — 300 K. Bri-
COTa IOTeHIUANbHBIX 6aphepos H, B paccMaTpuBaeMoil CTPYKType
cocraBiysger 3,58 5B [18], a appekTUBHAA Macca IJid ABYXCJIONHO-
ro rpadena sagasanack paBHoit 0,041m, (m, — Macca IIOKOA dJIeEK-
TpoHa) [19]. IlupuHbI KBAHTOBBIX AM U IIOTEHIINAJbHBLIX 0apbepoOB
BapbUPOBAJIUCE.

Br110 TpoBeieHO MccaefOBaHNE BAUSHUS IITUPUHBI TTIOTEHITNAb-
HBIX 0apbepoB Ha BAX (TouHee 3aBUCHMMOCTH IIJIOTHOCTH TOKAa OT Ha-
IpAMKeHns; B gaabHeliniem npocto BAX) Tpex6aprepuoro PTI. Ha
puc. 2 npuBeneHbI PE3yJIbTAThl MOLEJIUPOBAHUS AJIS TPEX CJIyUaeB,
KOT'/la IIIIPUHBI 6apbePOB PaBHBI: W, = Wy, = W,;= 1,2 HM (KpuBaga 1);
Wy, = Wyy= W,z = 1,3 HM (KpuBad 2) U w,; = W,, = W,; = 1,4 HEM (KpU-
Baﬂ 3). Ilpu sTOM MIMPUHBI KBAHTOBBIX M (DPMKCUPOBAJIUCH U 3a/a-
BaJINCh PaBHBIMU d, = d, = 3,4 HM. YCTaHOBJIEHO, YTO yBeJIUYeHUE
IIUPUH TOTEHIIMATbHBIX 0aphePOB MPUBOAUT K HE3HAUUTEIHLHOMY
YMEHBIIIEHUIO IIJIOTHOCTY TOKA IIEPBOTO MUKA, a TaK:Ke K yBeJmue-
HUIO TIJIOTHOCTEH TOKOB BTOPOTrO ITMKA U MOJUHBI.
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Puc. 2. Biuanue NIMpuH MOTEHIINAJIBHBIX 0apbepoB Ha BAX
Tpex6apbeproro PT]I Ha ocHoBe rpadena Ha mopioxkke SiO,

Fig. 2. Influence of potential barriers widths on the IV-characteristics
of a triple-barrier graphene-based RTD on a SiO, substrate

Ha puc. 3 npexcraBiieHbl Pes3yabTaThl UCCJIEJOBAHUA BIUAHUA
IIMPUH KBAHTOBBIX AM JIJId TPEX CJIydyaeB, a UMeHHO: d, = d,= 3,0 HM
(xpuBag 1); d, = d,= 3,4 am (xkpuBasa 2) u d, = d,= 4,0 am (xpu-
Basd 3). IIpu aTOM IMIUPUHBI TOTEHIINAJBLHBIX 0apHePOB (MKCUPOBA-
JINCHh U 3aJaBaJINCh PABHBIMU W, = W,, = W,; = 1,3 EM. Bugzo, uro
yBeJIMUEeHNEe IIUPUH KBAHTOBBIX AM HOPUBOAUT K CYIIECTBEHHOMY
YMEHBIIIEHNIO TIJIOTHOCTEH MUKOBBIX TOKOB U TOKOB JOJIMHEI.
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Puc. 3. Biusanue mupuH KBaHTOBBIX M Ha BAX Tpex6apreproro PT]L
Ha ocHOBe rpadena Ha nmogioxke SiO,

Fig. 3. Influence of quantum well widths on the IV-characteristics
of a triple-barrier graphene-based RTD on a SiO, substrate

Pamee B pabore [20] ObLIu IIpeacTaBIeHbI Pe3yJIbTATHI MCCJIEIO-
BaHUSA BJIUSHUA IMIUPUH KBAaHTOBBIX 0apbepoB 1 AM Ha BAX Tpex-
b6aprepubix PTJl Ha ocHOBe rerepocTpyKTyphl rpader/h-BN. Ilo-
JIyUYeHHbIe PE3yJabTaThl MOAEJIUPOBAHUSA TpexOapbepubix PTII ma
nognoxkkax SiO, m h-BN kauectBenHO coriacyiorca. OxHaxko oT-
MeTHM, 4YTO I CTPYKTYp Ha moanoxkke SiO, maMeHeHHe IIMPUH
KBAHTOBBIX 0aphEpPOB U M HPUBOAUT K 0ojiee CYIECTBEHHOMY U3-
MEHEHUIO IIJIOTHOCTEH MUKOBBIX TOKOB U TOKOB JOJUHBI, YTO CBA-
3aHO C BAMSAHUEM MaTepuaja MOIJOKKH.

Pucynku 4 u 5 nnmocTpupyer pe3yabTaThl MofeaupoBanus BAX
yeTbipex- u naTudapbepubix PT/] Ha ocHOBe ABYyXCJIOWHOTO Trpade-
Ha. Kpussie 1 (puc. 4, 5) mosyueHsl 1y MHOrobapbepubix PT mHa
nozggo:kke h-BN, a xpussie 2 — puna PTI] ma nognoxxke Si0,. ITu-
puubl 6apsepoB stux PT/I sagaBaauch paBHbIMEU 1,3 HM, a KBAHTO-
BBHIX M 3,4 HM. BricoTa norennuaasabix 6apbepoB H, ana PT]I Ha
ocHoBe rpadena ma mogmoxxkkax h-BN u SiO, cocraBnana 3,137 sB
[21] u 3,58 9B [18] cooTBeTCTBEHHO.

J, A/ 4

0 . . . . .V,
0 0.2 0.4 0.6 0.8 1.0
Puc. 4. BAX uetnsipex6aprepubix PT]I] Ha ocHOBe rpadeHa
Ha mopiokkax h-BN (xkpuBasa 1) u SiO, (kpuBasa 2)
Fig. 4. IV-characteristics of graphene-based four-barrier RTDs on h-BN
(curve 1) and SiO, (curve 2) substrates
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Puc. 5. BAX narubapbepubix PT/l Ha ocHOBe rpadena
Ha nmoxnoxkkax h-BN (xkpuBaa 1) u SiO, (kpuBasa 2)

Fig. 5. IV-characteristics of graphene-based five-barrier RTDs
on h-BN (curve 1) and SiO, (curve 2) substrates

Kak cinenyer us rpaduxoB Ha puc. 4 u 5, paszpaboraHHAsI KOM-
OMHUpOBAHHAS YMCJEHHAs CaMOCOTJIACOBAHHAS MOJEJb MOIKET HC-
moab3oBaThesa aaa pacuera BAX PTII ma ocHOBe 0oJjiee CIOMKHBIX
YeThbIpeX- U MATHOAPbEPHBIX TeTepocTPYKTyp rpaden/h-BN u rpa-
en/Sio,.

3akJo4yeHve

UccnenoBano BIUAHUE IMIUPUH 0aphepoB U KBAHTOBBIX SAM Ha
BAX Tpexb6aprepunix PT/] Ha ocHOBe rpadenHa Ha momioxke SiO,.
ITonyueHbl 3aBUCUMOCTU IIJIOTHOCTEH TOKOB OT HANPSMKEHUH IJIs
Tpexbapbepubix PTII Ha ocHOBe rpadeHa ¢ CUMMETPUUYHLIMU Gaph-
epaMu U sMaM#. ¥ CTAHOBJIEHO, UTO YBeJUUYEeHe IITUPUH KBAHTOBBIX
AM TPUBOAUT K CYIECTBEHHOMY YMEHBIITEHWIO IJIOTHOCTEH MHUKO-
BBIX TOKOB M TOKOB [OJIMHBI, a yBeJUUYeHHe IITUPUH IIOTEeHIINAJb-
HBIX 6apbepPOB MPUBOJUT K HEBHAUNTEIbHOMY YMEHbBITIEHUIO IIJIOTHO-
CTHU TOKAa IIePBOTO IINKAa, a TAaKyKe K YBeJUUYEHHUIO IIJIOTHOCTell TOKOB
BTOPOTO ITHKA U JOJUHBI.

IIpousrocTprpoBaHa IPUMEHNMOCTD Pa3padboTaHHOM KOMOMHUIPO-
BAHHOM YMCJIEHHOII CaMOCOTJIACOBAHHOM Mojmesiu IJs pacueta BAX
PTI u Ha ocHOBe 00Jiee CIOKHBIX UETHIPEX- UM MATUOAPHEPHBIX
cTpyKTyp Ha mopioxkkax h-BN u SiO,.

IIporpamma, peanusyrolias paspabOTaHHYIO MOJeJb, BKJIIO-
yeHa B CHCTEMY MOJEJUPOBAHUA HAHOJEKTPOHHBIX YCTPOUCTB
NANODEYV, paspabarsiaemyio B BIYUP ¢ 1995 r. [22; 23].

OnucaHHble B CTaThe Pe3yJbTaThl ObLIN HOJIOMKEHBI Ha 29-i1 Me-
xayHaponuoi KpeiMckoit koudepeniiuu «CBU-TexHuKa 1 TeJIEKOM-
MYHUKAIIUOHHBIE TeXHOJIOTUM» .
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