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3MEHILIEHHSI  JIOBXKHHM  KaHaly  METajo-JieJICKTPUYHUX  HaIiBIPOBIAHUKOBHX
TPAH3UCTOPIB CIIPUSE MiJBUIIEHHIO MUTOMOI KPYTH3HU BOJIbT-aMIIEPHUX XAPAKTEPUCTHUK Ta
rpannyHoi yactoT. Konu mo30BkH1 po3MipH HaIMiBIPOBIIHUX CTPYKTYP OCSTIIN 3Ha4YeHb |-
2 MKM, 111 3aKOHOMIPHOCTI IIepecTaIr BUKOHYBaTHCh. [IpH 11bOMY, SIKIIIO AM3aiiH 1 TPAaKTyBaHHS
€JIEKTPOCTATUYHUX 3aKOHOMIPHOCTEH Majio 3MIHMJIMCH 32 OCTaHHI ACCSITUIITTS, TO (i3uyHa
IPUPOIA 1 XapaKTep MEPEHOCY ENEKTPOHIB CYTTEBO 3MIHIOETHCS HAa (OHI 3MEHILICHHS JIOBXHHU
KaHajJy MPOBIAHOCTI HAaHOTPAH3UCTOPA, CHOCTEpIraeThcs 3MiHA 1 (opma BOIBT-aMIEPHOT
xapakTepucTuku [1], mo BiAOYBa€ThCS TAaKOX 1 MPH 3MEHIICHHI IHIIMX TOMOJOTIYHHX
po3MipiB. 3HaYHY poJIb y TOOYIOBI TeOpii Bimirpae He(hOCTEPOBICTh ()PAKTAIILHUX CIEMEHTIB,
IO MPOSBIAETHCA y IX 3JaTHOCTI CTBOPIOBATH BiJI‘€MHI XapaKTEPUCTUKH €MHOCTI abo
IHAYKTUBHOCTI y JIOKQIbHOMY MacmuTa0i [2] 3a paxyHOK BUHUKHEHHSI HETATUBHOTO 3BOPOTHOTO
3B SI3KY.

[ToGynoBy pakTansHOi MOAEI iMiTalii HePOCTEPIBCHKOTO HAHOIIAPY OKUCITY HAa MEXKi
MeTaJl-HaMiBIPOBIIHUK Yy TPOCTOpi K (PyHKUI] MHOXHHHM 3M1MCHUMO BBOJOM Y PO3TIISI
OCHOBHHX IIOJIOKEHb TeOpii (pakTambHOTO MIapy Ha MeEXI pPO3IUTy ABOX CEpPEIOBHIL:
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TeopeTn4HO MiATBEPAKYETHCS CHIBHUIN BIUIMB CKEIIIIHTY KaHATy Ha Iepe0ir CTOKOBUX
XapaKTePUCTHK TPAH3UCTOPA, 110 MOSICHIOETHCS (PPAKTATBHICTIO KaHATY 1 MEXaHi3MaMH , 110

©)

BHUKJIMKAIOTh IIBUJKE 3POCTAHHS CTPYyMYy 3a BEJIMKUX Vps : naBumne PO3MHOXKEHHS HOCIIB Y

KaHaJi 3a paxyHOK yAapHOi 10Hi3alii i mpo0biii mepexoay cTik-miakiaaka. [lomiueno 3HauyHuit
BILJIMB Ha 3CYB [IOPOrOBHMX 3Ha4€Hb IIPOOMBHOI HAIIPYTH Vg B YMOBAX «M‘SIKOI0» Ta «PI3KOro»
po0oI0, 10 MOTUBYETHCS (HpPaKTAIbHOIO KOHPITypali€lo MepexoiB CTIK-MiaKIaaKa. Ko
JOBKMHA KaHATy MaJla, a TiIKIaKa Mae MaJIHid CKEMTiHT pakTamizallii, TO TpaHullsl TIEPEXOay
CTIK-TIJKIIa/IKa 3HAXOAUThCS MOOJIM3Y BUTOKY, Y 3B‘SI3KYy 3 UMM BUHHUKA€E MPOOIN CTIK-BUTIK
(«tpoxomny). Ilpm 1pOMy NOPYHIyETbCS HAOMMKEHUH JIIHIHHUA 3B‘S30K MiX BHUXITHOIO
MPOBIJIHICTIO 1 CTPYMOM CTOKY, IIO CIIOCTEPITa€ThCs 1 €KCIEPUMEHTAIBHO MiATBEPKYETHCS
JUTSL KJIACHYHMX TTOJIbOBUX TPaH3UCTOPIB [1].

HaBeneni TeopetnuHi pe3yiabTaTH AOCHIDKEHHS YKa3ylOTh Ha HEOOXiTHICTh
ypaxyBaHHS BUSBICHHX (DAKTIB y BIPOBAPKCHHSX PO3TIISTHYTOI CTPYKTYpH TPaH3UCTOpa 3
bpakTanbHOI0 KOH(DIrypaIi€eo KaHaly y CKJIaJi HamiBIPOBIIHUKOBUX 1HTETPAIIbHUX MIKpO- 1
HAHOCXEM TIPUCTPOIB JPOOOBOr0 IHTETPOAU(EPEHIIIOBaHHS B aJalTUBHUX CHCTEMax,
NpOrpaMOBaHUX  AHAJOTOBUX  IHTETpaJbHUX  cxemaX, (inmpTpax,  po3B‘s3yBadax
TuQepeHIiaTbHUX PIBHAHB IPOOOBOTO MOPSIKY TOLIO.

[1] Cobbold R. Theory and Application of Field-effect Transistors. Wiley-Intersc. (1970).

[2] Onufrienko V.M., Slyusarova T.l., Onufrienko L.M. Modeling Characteristics of Field-
Effect Fractal Nanotransistor. Proceedings 15-th International Conf. on Advanced Trends
in Radioelectronics, Telecommunications and Computer Engineering, Lviv-Slavske,
Ukraine, 25-29 February 2020. Lviv. P.586-589. DOI: 10.1109/TCSET
49122.2020.235500.

THE ELECTRICAL BREAKDOWN CONDITIONS IN
FRACTAL FIELD NANOTRANSISTOR CHANNEL

A. Fasoliak, T. Slyusarova, A. Zasovenko, I. Kylymnyk, V. Onufrienko
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The work theoretically confirms the strong channel fractal scaling influence on the drain
characteristics course of nanotransistor. This is explained by the fractality of the channel and
the mechanisms that cause the rapid increase of the current at high voltages between the drain
and the source, by the avalanche multiplication of carriers in the channel due to shock
ionization, and the breakdown of the drain-substrate. A significant effect on the shift of the
breakdown voltage threshold values in the conditions of "soft" and "sharp” breakdown was
observed, which is motivated by the fractal configuration of the drain-substrate transitions.
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