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AHHOTALMA

OCHOBHOW LieNbl0 NMPOEKTUPOBAHUA HEMPOMOPQHLIX CUCTEM ABNIAETCA MPEOAOIeHNe OrpaHUYeHUIM 3HeprosPdeKTUBHO-
CTM M MacLUTabupoBaHMA KNaCCUYECKUX BbIMUCTUTENBHBIX CUCTEM apxuUTEKTYpbl GOH HelMMaHa nyTéM UMMTALMK HEPBHOM
CUCTEMbI MUBOTHbIX 33 CYET BbINOHEHUA BbIMMCIIEHUIA B NaMATU, KOOMPOBaHUA MHOOPMaLMKU B UMMYMbCHBIX CUrHanax
W OOCTUMKEHWA afanTueHocTW. CrefoBaHWe AaHHbIM MPUHLMNAM M03BOMAET MOBLICUTb 3HEPro3d(GEKTUBHOCTb M CKO-
POCTb BbIYMUCIEHUI B PELUEHWM 33Aay MALUMHHOMO 06y4eHWA, B TOM uyucne OnA 6MOMeSULMHCKMX NPUNOXEHUN, BCTpa-
MBaeMbIX U Knbeppusnyeckux cucteM. Mcnosnb3oBaHre GYHKLMOHANBHBIX 6/1I0KOB, MOAENMPYIOLLMX OCHOBHbIE 3/IEMEHTHI
LLeHTPanbHOM HEPBHOW CUCTEMbl — HEWMPOHBI M CMHAMChI, MOXKET [aTb MPEMMYLLECTBO B peann3aumu obyveHuns Ha umne.
Wcnonb3oBaHKe 3NEKTPOHHBIX KOMIMOHEHTOB Ha OCHOBE MEMPUCTMBHBIX YCTPOWCTB, KOTOpblE MEHAIOT CBOE COMPOTUBIIEHUE
B 3aBMCMMOCTM OT NPOTEKLLEr0 Yepe3 HMX 3apAga, OTKPbIBAaeT HOBbIE BO3MOMHOCTM A/1A annapaTHoOW peanusauum Hempo-
MOPQHbIX CUCTEM. 3TV YCTPOMCTBA UMEIOT MPEMMYLLIECTBA M0 CPaBHEHWIO C TPAAMLIMOHHON TPAH3WUCTOPHOW 3NEKTPOHMKOM
B 3HEprornoTpebneHnm, NAOTHOCTU MHTErpaLMmn 3NEMEHTOB U CKOpOCTM paboTbl. [INA JOCTUMKEHUA NYYLLMX pe3ynbTaToB
apXWUTEKTYpPa HEMPOMOPPHbIX CUCTEM [J0/KHA NPOEKTUPOBATLCA C ONTUMU3ALMEN Ha YPOBHE TaKWX YCTPOMCTB.
KoMnoHeHTbI Ha 0CHOBE MEMPUCTOPOB NPUMEHAKITCA ANA annapaTHoW peann3aumy Kak HEMpOHOB, TaK U CMHancoB. B aaH-
HoM paboTe $OKyC caenaH Ha CO3AaHUM MEMPUCTUBHBIX HEMPOHONOAOOHbIX reHepaTopoB CManMKoBbIX CUrHanoB. U3 nue-
paTypbl M3BECTHBI MEMPUCTVBHbIE HEVPOHbI Ha 6a3e NOKanbHO aKTUBHOIO 3NeMeHTa U3 AnoKcuaa BaHagua VO,, peanuay-
IOLLIero y4acToK oTpuuaTtenbHoro auddepeHumansHoro conpotmenenna BAX. Cpeou Takux pa3paboToK MOMHO BblOENMTH
CMaNKOBbIN HEWMPOH C YacTOTHOW afanTaumen [1], 04HAKO K ero HeJoCTaTKaM MOMHO OTHECTU PU3nM4ecKoe pasfeneHune
MEMPUCTMBHOMO U JIOKaIbHO aKTMBHOMO 3JIEMEHTOB, YTO BAIEYET YBENIMYEHME SHEPrETUYECKMX 3aTPaT U YXyAOLLAEeT CTeneHb
ero uHTerpaumu. B pabote [2] npeacTaBneHbl MUHUMaNbHbIE MOLENM MEMPUCTUBHBIX HEMPOHOB, PEaNM3YIOLLMX NPUHLMN
MHTerpauum v Bo3byxaeHna ¢ yTeukon. HepoctaTkoM npedcTaBneHHbIX CXeM ABNIAETCA HE0HX0AMMOCTb NoJayun UMMyIb-
COB OTPULIATE/IbHOIO HaNpAXKEHWA Ha baTapelo NOCTOAHHOMO TOKA [ANA NEePEKII0YeHNA MEMPUCTOPA B UCXOJHOE COCTOAHME
BbICOKOr0 COMPOTUBIEHMA, YTO OFpaHUYMBAET 06/1aCTb ero NPUMEHEHWA B HEMPOMOPHBIX cucTeMax. B HacTosALen paboTe
npeAcTaBneHa MoAesNb HeMpoHa, NMLWEHHOMO [aHHbIX HEJOCTAaTKOB 3a CYET UCMONb30BaHUA 41A (OPMMPOBaHUA CMANKoB
oTpULaTenbHOro AUGdepeHLManbHoro ConpoTUBEHUA CaMOr0 MEMPUCTOPA, a TaKHKe BKITIOYEHWA QOMOHUTESbHBIX CXEM-
HbIX KOMMOHEHTOB ANA NOALEPHAHWA LMKIOB NEPEKIIOYEHNIA CONPOTUBAEHUA MEMPUCTOPA.

MpennaraemMas Mofenb HelpoHa peanu3oBaHa B SPICE-cpene NI Multisim 14.2 ¢ nocnefyiowwei BepudmKaLmeit B UHCTPY-
MeHTanbHon cpepe NI LabVIEW 2022. Tok B MEMPUCTOPHOM BETBM 3KBUBANIEHTHOM CXEMbI HEWMpOHa NpeacTaBneH ypaBHe-
HUAMKU MOOMPULMPOBaHHOW MoJenu 0606LLEHHOr0 CpefjHero MeTacTabunbHOro NepeKniyYeHUAs MeMpUCTOpa C CaMoHa-
npaBeHHbIM KaHanoM [3]. NpocToTa 3KBMBaNEHTHOM CXeMbl HEMPOHA JOCTUIHYTa 33 CYET 06beAUHEHNA BCEX HEIMHEMHBIX
XapaKTepUCTUMK, HeobX0AMMBIX 1A FeHepaLym CNanKkoB, B eAMHOM MOLENM MeMpUCTOpa. JKCnepuMeHTanbHasA YacTb Uc-
Cefj0BaHWs BbINOJIHEHA C NPUMEHEHUEM LOCTYMHBIX MEMPUCTOPOB ¢MpMbl Knowm 1 nabopaTopHOM CTaHLMU NpoTOTUNU-
poBaHua NI ELVIS IIl. TecTupoBaHue npeanaraeMort Mofeny HeMpoHa NpoBefeHO C NofgayYen CMHYCOMAANbHOMO U NpAMO-
Yro/bHOro BXOAHBIX CUrHAM0B. YCTaHOBNEH pepaKTOPHbIN Nepuog MOAENU HeMpoHa.

BbibpaHHbIN B paboTe CTeK TEXHONO Wi KOMMbIOTEPHOMO M MOAYHATYPHOr0 MOAENMPOBaHMUA UCMONb30BaH B paMKaXx KoHLLen-
LMK MCCNERO0BaTENbCKOr0 NPOEKTUPOBAHMA 3MIEKTPOHHBIX YCTPOMCTB, YYUTHLIBAIOLEN HEOOX0AMMOCTL YTOUHEHWUA CBOMCTB
(noeHTUdMKaLMM) 06bEKTaA NPOEKTUPOBAHUA UM €0 KOMMOHEHTOB HEMOCPECTBEHHO BHYTPM LKA pa3paboTku.
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AOMOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTopbl N0ATBEP<AAI0T COOTBETCTBME CBOEM0 aBTOPCTBa MexayHapoaHsIM kputepuaM ICMJE (Bce aBTo-
Pbl BHEC/W CYLLIECTBEHHbIN BKMaf B pa3paboTKy KoHLienLmMm, NpoBefeHue UCCef0BaHMA U MOAroTOBKY CTaTbii, MPOYM 1 0406-
pUAK GUHaNBHYI0 BEpCUMIo Nepef nybnunKaumen).

WUctounuk ¢uHaHcupoBanua. PaboTa nogaepraHa PoccuicKMM HayyHbIM GoHaoM, npoekT N® 22-19-00573 «[lepcnekTus-
Hble MeTobl MOEHTUMKALMM 1 MOAENMPOBAHMA AMHAMUYECKMX CUCTEM C HENMHEMHBIMM KOMMOHEHTaMM,

KoHdnuKT uHTepecoB. ABTOpLI AeKNApUPYIOT OTCYTCTBME ABHBIX M MOTEHLMAMbHBIX KOHIMKTOB MHTEPECOB, CBA3AHHbIX C My6-
JIMKaLWel HaCTOALLIe CTaTbu.

CMUCOK JIUTEPATYPbHI

1. Ignatov M., Ziegler M., Hansen M., et al. A memristive spiking neuron with firing rate coding // Front Neurosci. 2015. V. 9. P. 376.
doi: 10.3389/fnins.2015.00376

2. Kang S.M,, Choi D., Eshraghian J.K., et al. How to build a memristive integrate-and-fire model for spiking neuronal signal generation //
IEEE Transactions on Circuits and Systems I: Regular Papers. 2021. Vol. 68, N 12. P. 4837-4850. doi: 10.1109/TCSI.2021.3126555

3. Ostrovskii V., Fedoseev P., Bobrova Y., Butusov D. Structural and parametric identification of knowm memristors // Nanomaterials
(Basel). 2021. Vol. 12, N 1. P. 63. doi: 10.3390/nan012010063

KOHTAKTHAA UHOOPMALIUA

* B.I0. OctpoBckuit; appec: Poccuiickan ®epepauns, 197022, Cankt-etepbypr, yn. Mpodeccopa Monosa, 4. 5, nutepa O;
e-mail: vyostrovskii@etu.ru

V'a
ECO®VECTOR Article can be used under the CC BY-NC-ND 40 International License
© Eco-Vector, 2023

828


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3389/fnins.2015.00376
https://doi.org/10.1109/TCSI.2021.3126555
https://doi.org/10.3390/nano12010063
mailto:vyostrovskii@etu.ru

MATEPNAJTTE KOHOEPEHLIM TOM 8, N2 4, 2023 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS 18 (4) 2023 Genes & cells 629

DOI: https://doi.org/10.17816/9c623428

Design of a memristor-based neuron for spiking
neural networks
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ABSTRACT

The primary objective of neuromorphic system design is to surpass limitations in energy efficiency and scaling of classical
von Neumann computing systems, through the emulation of animals’ nervous systems. This is achieved by conducting
calculations in memory and encoding information in impulse signals, ultimately leading to enhanced adaptability. Adhering
to these principles allows for improved energy efficiency and computational speed when solving machine learning problems,
encompassing biomedical applications, embedded systems, and cyber-physical systems. Functional blocks modeling the main
elements of the central nervous system, namely neurons and synapses, offer an advantage in implementing learning on a chip.
The use of memristive electronic components, capable of altering their resistance based on the charge flowing through them,
opens new doors for hardware implementation of neuromorphic systems. These devices offer advantages over conventional
transistor electronics with respect to power consumption, component density, and performance. To achieve optimal results,
the architecture of neuromorphic systems should be optimized at the device level.

Memristive components are utilized to create neurons and synapses. This thesis is specifically focused on producing
memristive neuron-like spike signal generators. Previously, memristive neurons were crafted using a locally active element
comprised of vanadium dioxide VO,, which incorporated a negative differential resistance section of the IV-curve. One
of the recent advancements in this field is a spiking neuron with frequency adaptation [1]. Its drawbacks, however, involve
separating the memristive and locally active elements physically, resulting in higher energy consumption and decreased
integration quality. In [2], models of memristive neurons with minimal complexity are introduced, which incorporate
the Leaky Integrate-and-Fire principle. However, the circuits presented require the application of negative voltage pulses
to a DC battery to reset the memristor to its initial high-resistance state. This limitation restricts its sphere of application
in neuromorphic systems. This paper proposes a model of a neuron that overcomes these limitations by using the negative
differential resistance of the memristor to generate spikes, along with integrating supplementary circuit components to
sustain the resistive switching cycles of the memristor.

The neuron model under consideration is implemented using the NI Multisim 14.2 SPICE environment and has been verified
in the NI LabVIEW 2022 tool environment. The equations of the modified model of the generalized mean metastable switch of
the memristor with self-directed channel [3] represent the current in the memristor branch of the neuron equivalent circuit.
The simplicity of the equivalent circuitry of the neuron is attained by merging all the nonlinear features necessary for spike
generation into one memristor model. The experimental phase of the study employed obtainable memristors from Knowm
Corporation and the laboratory prototyping platform NI ELVIS lIl. The investigation of the proposed neuron model was accomplished
through the application of sinusoidal and rectangular input signals. The refractory time of the neuron model was calculated.
The chosen stack of computer simulation and semi-natural modeling technologies is applied within the research-driven
design concept of electronic devices. This approach considers the importance of refining the properties and identification
of the design object or its components during the development cycle.
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