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JlerupoBaHHble a30TOM yrnepogHbie HaHOTPY6KK Chock tor

ANnA aBTOHOMHbIX MEMPUCTUBHDBIX CUCTEM

M.B. UnbuHa*, 0.1. Cobonesa, M.P. MonbiBaHoBa, 0.U. UnbuH

[0>KHBIM PepepanbHbIn yHUBepcuTeT, TaraHpor, Poccuiickas Oepepauma

AHHOTALMA

MeMpUCTUBHbIE YCTPOMCTBA ABMAKOTCA OOHWMU M3 NEPCMEKTMBHbIX KaHOMAATOB ANA CO3[aHUA HEMPOMOPGOHBIX CUCTEM
bnarofapa BO3MOMHOCTM MHOrOYPOBHEBOIO MEPEKIIOYEHUS, HUSKUM paboumMM HampAXKEHWSM W BbICOKOWM MacluTabupy-
eMoctu. OfHaKo, KaKk 1 4na moboro NaccMBHOrO 3eMeHTa, AnA paboTbl MeMpucTopa HeobXO4MMO BHELLHEE Hampse-
HUE CMeLLEeHWs, YT TpebyeT BKIKOYEHUA B LieMb UCTOYHMKA NUTaHWA. B cBA3M C 3TUM 6onbLUOW MHTEpeC NpeacTaBnAlT
paboTbl MO CO3AaHUI0 MEMPUCTMBHBIX CUCTEM C aBTOHOMHLIM MWUTAHMEM, COCTOALLMX M3 NOC/e[0BaTeNbHO COeAMHEHHBIX
ApYr ¢ OpyroM MeMpuUcTOpa M HaHoreHepaTopa, Npeobpa3syloLLero SHeprulo BHELHEN cpedbl B anekTpuyeckyio [1, 2]. Ta-
KaA MeMPUCTUBHaA CUCTEMA UMEET OrPOMHbIV NOTEHLMAN NPUMEHEHUA B a3POKOCMUYECKOW 061aCcTV U UMNAHTUPYeMOiA
3M1EKTPOHMKe. Ha JaHHbIM MOMEHT yiKe pa3paboTaHbl nepBble MEMPUCTOPHBIE U CEHCOPHbIE CUCTEMbI C aBTOHOMHbIM NUTa-
HMEM Ha 0CHOBE OKCM[IOB MEeTaJI0B M Mbe303MeKTpU4ecKkmx HaHoreHepatopos (M3HI) [2]. OcHoBHbIe NpobneMbl B JaHHOM
06/1aCcTU — yMeHbLUEHWE pa3Mepa HaHOreHepaTopa M COrlacoBaHMe BbIXOOHbIX NapaMeTpPOB HaHOreHepaTopa M BXOAHBIX
napameTpoB MeMpucTopa. B paMkax HacToAwen paboTbl faHHble NMPo6aeMbl peLualoTcs NyTéM Co34aHUA MeMpUCTOPHO
CMCTEMbI C aBTOHOMHBIM MUTAHWEM Ha OCHOBE JIErMPOBaHHBIX a30TOM YrnepoaHbix HaHoTpy6bok (N-YHT).

PaHee Hamu 6bbinn UccnefoBaHbl MeMpUCTMBHbIe cBoicTBa N-YHT M nokasaHo, 4To HaHOTPYOKM [EMOHCTPUPYIOT BOCMpO-
W3BOAMMOE MHOrOYPOBHEBOE NEPEKITI0YeHNe C OTHOLLEHUEM COMPOTUBNEHUI B BbICOKO- M HU3KOOMHOM cocToAHMAX (HRS/
LRS) okono 4x10° [3, 4]. Mpu 3TOM yCTaHOBIEHO, YTO MeMpUCTUBHBINA 3peKT B N-YHT 06ycrnosneH BHeapeHneM aToMoB
a30Ta B CTPYKTYpPY HaHOTPYOKU 1 HOPMUPOBAHMEM BHYTPEHHErO MbE303NEKTPUUECKOro nona [4]. B pamMKax manbHemwimx
“ccnefoBaHM 6bIN0 MOKa3aHo, YTO MaccUB BEPTUKaNbHO OpueHTUPoBaHHbIX N-YHT ABnAeTcA nepcneKTvBHbIM Mate-
puanom ana cosganua M3HI: reHepupyeMoe BbIXOJHOE HaMpAXKEHWE COCTaBAAET COTHU MUMIUBOMLT, @ FeHepUpyeMbiii
€MHUYHBIMM HaHOTPYOKaMM TOK AOCTUraeT coTeH HaHoamnep [5]. MonyyeHHble pe3ynbTathl NO3BOMAIOT FOBOPUTL O BO3-
MOKHOCTU pa3paboTKM MEMPUCTOPHOM CUCTEMbI C aBTOHOMHBLIM MUTaHMEM MO0 NYTEM NOCNe0BaTeNIbHOM0 COeAMHEHMS
mempuctopa 1 MN3HI Ha ocHose N-YHT.

[Ona onTMMm3aumm BbixofHbIX XapaktepucTuk M3IHI, B YacTHOCTM aMNAMTYabl FEHEPUPYEMOTO HANPAMEHWUS U BXOLHO-
o HanpAMeHUA nepekmioyeHna Mempuctopa Ha ocHoee N-YHT, npoBefeHbl uccnefoBaHWA MO YBEAWYEHUIO Mbe303/1eK-
TPUYECKOrO OTKIIMKA U CHUMKEHWIO HaMpAXEHWA nepeknioveHnsa conpotunieHna N-YHT nyTéM n3MeHeHMA KoHLEeHTpaLum
NervpyioLLen NpUMecK asoTa B NpoLecce pocTa HaHOTpy6oK. bbino ycTaHoBneHo, Yto anda cosfanua M3IHC ¢ BbIXOAHBIM
HanpseHneM ao 2 B Tpebyetca poct N-YHT ¢ KoHueHTpaumeit nervpytowiero asota Ao 12% 1 BbICOKMM acneKTHBIM COOT-
HOLLEHWEM ONIMHbI K anameTpy (bonee 60), uto obecneumBaeTcsi Npu HU3KKMX TeMnepatypax pocta (500-550 °C) 1 BbICOKOM
COOTHOLLEHWUM NOTOKOB aLeTuIeHa 1 aMmuaka (1:5-1:6). [1nA n3roToBneHMA MEMPUCTOPOB C MUHUMASIbHBIM HaMPAKEHUEM
nepekniodeHuna (okono 2 B), HanpoTue, Tpebytotca N-YHT ¢ ManbiM acneKTHbIM cooTHoweHneM (MeHee 30) 1 KOHLEHTpa-
umen nervpytowero asota 4—6%, uto obecneunBaeTca nosbileHWeM TeMnepaTypbl (1o 615 °C) U yMeHbLUEHUEM BpEMEHU
pocTa. MosyyeHHbIe pe3ysbTatbl MOryT ObiTb MCMO/Ib30BaHbI NPU pa3paboTKe MEMPUCTOPHBLIX U CEHCOPHBIX CUCTEM C aBTO-
HOMHbIM MUTAHWEM Ha OCHOBE NIErMPOBaHHbIX a30TOM YrnepoAHbIX HAHOTPYHOK.
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KoHdnuKT uHTepecoB. ABTOpLI AeKNapUPYIOT OTCYTCTBME ABHBIX M MOTEHLMAMbHBIX KOHIIMKTOB MHTEPECOB, CBA3aHHLIX C My6-
NMKaLMEN HacTOALLEN CTaTby.
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Nitrogen-doped carbon nanotubes for self-powered
memristive systems

M.V. Il"ina*, 0.. Soboleva, M.R. Polyvianova, 0.l. Il"in

Southern Federal University, Taganrog, Russian Federation

ABSTRACT

Memristive devices are a promising candidate for creating neuromorphic systems because of their multilevel switching
capability, low operating voltages, and high scalability. However, as with any passive element, the memristor necessitates
an external bias voltage to operate, necessitating the incorporation of a power source in the circuit. Of considerable interest
are studies involving the development of self-sustaining memristive systems that employ a memristor and a nanogenerator
connected in series, which transforms energy from the surrounding environment into electrical energy [1, 2]. A memristive
system shows significant potential for use in aerospace and implantable electronics. Currently, researchers have developed
the initial self-powered memristive and sensor systems using metal oxides and piezoelectric nanogenerators (PENG)
[2]. The major challenges in this field include downsizing the nanogenerator and ensuring that the output parameters
of the nanogenerator match the input parameters of the memristor. In this study, we are addressing the aforementioned
issues by developing a self-sustaining memristive system using nitrogen-doped carbon nanotubes (N-CNTSs).

Previously, we investigated the memristive properties of N-CNTs and demonstrated their reproducible multilevel switching,
with a resistance ratio in the high- and low-resistance states (HRS/LRS) of approximately 4x10° [3, 4]. Our findings revealed
that the incorporation of nitrogen atoms into the nanotube structure and the formation of an internal piezoelectric field were
responsible for the memristive effect in N-CNTs [4]. As part of our research, we discovered that an array of vertically aligned
N-CNTs holds promise as a material for creating PENG. The resulting output voltage can reach hundreds of millivolts while
the current generated by a single nanotube can exceed hundreds of nanoamperes [5]. These findings suggest the potential
for developing a self-powered memristive system by connecting a memristor and a PENG based on N-CNTs in series.

To optimize the output characteristics of the PENG, specifically the amplitude of the generated voltage and the input
switching voltage of the N-CNT-based memristor, experiments were conducted to enhance the piezoelectric response and
lower the switching voltage of the N-CNT resistance. These experiments involved modifying the concentration of dopant
nitrogen during the nanotube growth process. It is necessary to grow N-CNTs with a high aspect ratio of length to diameter
(greater than 60) to create PENG with an output voltage of up to 2 V. The N-CNTs should be doped with nitrogen up to
12%, and growth should occur at a low temperature (500-550 °C) with a high ratio of acetylene and ammonia flows (1:5-
1:6). On the other hand, the production of memristors with a minimum switching voltage (about 2 V) necessitates N-CNTs
with a small aspect ratio (less than 30) and doping nitrogen concentrations of 4—6%. To obtain these N-CNT parameters,
the growth temperature must be raised to 615 °C and the growth time reduced. The findings obtained could be used to
fabricate nitrogen-doped carbon nanotube-based self-powered memristive and sensor systems.
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