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The integration of bacteria into seismic-resistant durable concrete opens new possibilities
for structural reinforcement and soil stabilization. This innovative approach, based on solid states
principles, allows for the creation of more resilient and durable constructions capable of
withstanding the most challenging operational conditions. Moreover, the high survivability of
bacteria in diverse climatic conditions makes this method attractive and promising for widespread
implementation in construction practices.
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BJIUSHUE TEMITEPATYPBI HA IETEKTOPHBIE CBOMICTBA
HOoJYHNPOBOJHUKOBBIX TMOAOB B IMAITAZOHE CBY

C. PeiiumobaeBal, I'. Adaypaxmanos!, M. Typcynos’, A. Jlexxonos!, B.Kcenesnu?

Y @usuueckuii paxyrvmem Hayuonanvnozo ynusepcumema Ysbexucmana um. Mupso Ynyzbexa
2@usuveckuii paxyrvmem Benopycckozo I'ocyoapemeennozo ynueepcumema

N3yuanach TeMmmepaTrypHas 3aBHUCHUMOCTb JETEKTHPOBAHHOTO HAMPSKEHUS XOJOCTOIO
xo7a Voc MOJTYIPOBOIHUKOBBIX JMOAOB pa3HbIX TunoB B uHTepBajie 100-300 K Ha yactote @ =
5,84-10% ¢ (1 = 3,2 cm) pu moBoMMOi ocTostHEOI CBY MommocTn P = 1 MBT, a Taxoke Toka
KOPOTKOTO 3aMbIKaHUs lsc 0T moaBoaumoit momHoctu P mpu temnepatype 77 K u 300 K (puc. 1
u 2). Ucrounukom CBY momHOcTH ObUT amMruiuTpoH M-857, nnmuHa BOJIHBI M3Mepsuiach
BOJIHOBOJHOM m3MeputenbHoi muauet P1-28, momHocts CBY — TepmucTopHbiM MocToM M4-3.
3aBucumoctd Voc(T) u lsc(P) 3ammceiBanuch rpadomnoctpouteniem H306, Ha BXOABI KOTOPOTo
COOTBETCTBEHHO MOJKIIOYAINCh HCCleAyeMblii auoa, tepmomapa TXA u KamuOpoBaHHBIN
BOJTHOBOJIHBI ~HampaBlieHHbI oTBeTBUTENh, 20 nb ¢ JIUOAHBIM JETEKTOpOM (CUTHAJI,
nponopirroHansHbi MomHoctr CBY).

[TomynpoBOTHUKOBBIE AMOJBI B PEXHMME JETEKTUPOBAHUSA, KaKk U JOOble JApyrue
MCTOYHMKH IIEKTPUUYECKOTO TOKA, XapaKTEPU3YIOTCS HAPSHKEHUEM XO0JI0CTOr0 X0/1a Voc U TOKOM
KOPOTKOT'O 3aMbIKaHus lsc. BbUIO ycTaHOBIIEHO, YTO PEKUM XOJIOCTOrO X012 0OecreunBaeTcs npu
CONPOTUBIIEHUH Harpy3ku uccienyemoro auoaa R > 1 MOhm. OObr4HO MOTYyNPOBOAHUKOBBIE
JIETEKTOPbI PabOTAOT B pekUMe KOpoTKoro 3ambikanus ¢ R < 1 kOhm. Tloatomy B Hammx
IKCIIEPUMEHTAX B peXKUMe KOpOTKOro 3aMbikanus R = 1 KOhm, B pexwume xonocroro xoxa Ry >
10 MOhm. Otmerum, uyto auojn repmanueBbiii 'A402 ¢ p-n-mepexogoM NpeaHa3HauYCeH st
MapaMeTpUYecKoro yCWJICHHs Ha JJIMHE BOJHBI 3,6 cMm, auon JIK-B8 Toue4HO-KOHTAKTHBIM
KPEMHHUEBBIM — NIETEKTOp Ha JyuHE BOJHBI 1,6-3,2 cMm, nuon [[18 repMaHueBbId TOYEYHBIN
MMIYJIbCHBINA CO BpeMEeHEM 00paTHOTo BoccTaHoBieHUs He Ooee 100 He.
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Puc. 12. Temneparypnas 3aBucumocth Voc(T) muogos I'A402 (1, 2),
JK-B8 (3) u 118 (4) npu P = 1 MBT, 0 = 5,84-10'% ¢

ST

Puc. 18. 3aBucuMocCTb TOka KOpOTKOTro 3aMblkaHus lsc tnona I’A402 ot momHocTH
mpu T=300 K (1) u T =77 K (2) Ha vactote w = 5,84-10%° ¢1

XapaxtepHbiMu 0c00eHHOCTSIMHU Voc(T) mpu P=00d (puc. 1) u ls¢(PT) (puc. 2) siBasitoTcs
MaKCUMYMBl M CMEHA 3HaKa, a TAaKXKe PEe3KOe BO3PACTaHHWE MAaKCUMAJIbHOW BelWYMHBI lsc(P) rpu
aviwiera. I3 Teopun MOTyNPOBOJIHUKOBEIX MPUOOPOB [1] WM3BECTHO, YTO BEIWYMHA TOKa
KOPOTKOTO 3aMbIKaHUsI ONPEIeNsieTCs B OCHOBHOM MEXaHU3MOM paccesHust Hocurenei. [loatomy
pe3koe yBEIMUYEHHE MAaKCHMaJIbHON BEIWYMHBI TPU OXJAXKICHWW JHOJOB JI0 a30THOU
Temmepatypsl (puc. 2), mo-BUAMMOMY, MOXKHO HHTEPIPETHPOBATH KaK MpeodIiajaHue PacCestHUs
HOCHUTEIICH Ha aKyCTHYECKUX (DOHOHAX, KOT/Ia YaCTOTa PACCESHUSI YMEHBIIIACTCS C TEMIIepaTypoit
(o6o3HaueHus cm. B [1])

2 2 U2
m*¥2 E2KT E
4
7h'C,
MakcumanpHass BenmuunHa VooP) mpu oxnaxaenun guonoB ['A402 no a3zoTHOM
TEeMIIepaTypbl MEHSETCSl BECbMa HECYILIECTBEHHO, B TO BPeMsl KaK MOIIHOCTb, IIPU KOTOpoi lsc =0
u Voc = 0, 3ameTHO Bo3pacTatoT. C Ipyroit CTOpOHBI, TP OMMCAHUU PAOOTHI TOTYITPOBOTHUKOBBIX

JMOJIOB B peKUME JIeTeKTOpa (BBIpsAMHUTENs ) cuuTaercs [ 1], uto B ob6mactu 06beMHOr0 3apsaa p-
N-iepexofa KOHIGHTpAIMsd HOCHTENCH mpeHeOpexuMo Mama (Mopsiika KOHICHTpPAIUu

Va(E) =
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HEOCHOBHBIX HocuTenell B 00beme). OHaKO OLIEHKH, OCHOBaHHbIE HA BEJIMYMHE IOJBH)KHOCTH
HOCUTEJIEH W COOTHOINEHMM OMHINTEHHa, IOKa3bIBAlOT, YTO B OOBIYHBIX P-N-Tiepexonax
MPOTSDKEHHOCTBIO 1-2 MKM KOHLIEHTPAIMsl OCHOBHBIX HOCHTENEH B 00J1acTH 00BEMHOTO 3apsiaa
YMEHBIIAETCS BCEro JMIIb B 2-5 pa3 110 cpaBHEHHUIO ¢ 00beMoM. [1oaToMy He yaaercss 0ObACHUTD
HabJI01aeMble 3aBUCUMOCTH Ha pHC. 1 1 2 TOJIBKO TEMIIEpaTypHOI 3aBUCUMOCTBIO KOHIICHTPAIIUU
Hocuteneil. HeBO3MOXKHO TaKkKe ¢ 9TUX MO3HMIUI 00bICHUTH cMeHY 3HaKa Voc(P) 1 lsc(P, T).

DM SKIVMEHTBl  COBMECTHO C JRHHBIMA pador [2], [3] mMmO3BONSIOT jaymaTrh, 4YTO B
IIOJTYIIPOBOJIHUKOBBIX JTMOJaX Ha CBEPXBBICOKMX YACTOTAX JAEHCTBYET HE YCTAHOBJICHHBIHN IOKa
MexaHu3M rerepanuu nocrossHHo DJC (nerekTupoBaHus, BeIIpAMIIEHUs). PacipocTpaHeHHbBIN
MEXaHU3M JIETeKTUPOBAHUS BBICOKOYACTOTHBIX CHUTHAJIOB [4], OCHOBAHHBIM Ha Ppa3IOXKEHUU
BOJIbTAMIIEPHOM XapaKTEPUCTUKU AMOJA B psan Telnopa mo CTENeHsM Majoro NepeMEHHOIO
CHTHAJIa C MOCJEIYIOIUM YCPETHEHUEM I10 TIEPUOY, He SBIseTCs (PU3NYECKUM U HE MO03BOJISIET
CBSI3aTh BHEIIHUE XapAKTEPUCTUKU JUOJOB C AIEKTPOHHBIMU IIPOLECCAMH B HUX.
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USING COMSOL MULTIPHYSICS TO STUDY THE EFFECT OF 2
CHANNEL NANOSHEET GATE INSULATOR MATERIAL AND
EXTERNAL TEMPERATURE ON ITS OUTPUT CHARACTERISTICS

Rajapov D., Khalilloev M., Khasanov A., Khaitbayev E.,
Urgench State university, Uzbekistan dilshodbekrajapovs@gmail.com

Abstract: In this article, the dependence of the output characteristics on the insulator material
and external temperature in a 3D 2 channel Nanosheet is studied using Comsol Multiphysics 6.1
software. The effect of insulator material on the output characteristics of the 2 channel Nanosheet
surrounded by the gate was examined in three different materials, which are SiO2, HfO2 and
Si3N4. To study the effect of the external temperature under test on the output characteristics of
the transistor, the output characteristics at temperatures of 250K, 300K, and 350K were measured
and analyzed.

Keywords: 2 channel Nanosheet, Comsol Multiphysics, temperature, insulator, doping

I. Introduction: Currently, to increase the level of integration and reduce energy
consumption, the sizes of insulated gate field transistors (MOSFET) are getting smaller and
smaller. But if the sizes of the tranzistr becomes much smaller than the norm, the output
characteristics of the transistor can change a lot[1]. In addition, as the size decreases, self-heating
effects appear in MOSFETS, which depends on the thermal conductivity of the insulator[2].. The
dependence of the obtained results on the external temperature and gate insulator materials were
studied at three different temperatures and the results were analyzed.
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