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Low power consumption, small device size and better controlled onto the charge carriers are the factors, that made Single-
electron transistor (SET) a suitable candidate for molecular electronics; yet there are some improvements that can be done
in order to use it practically. The single electron transistor (SET) operates through the tunnelling of electron via two tunnel
junctions. Choosing a suitable island material plays a key role in the tunnelling of electron through the tunnel junctions.
In the present work, the First principle calculations of carbon-nanotube and boron-nanotube based Single-Electron
Transistors have been performed. The three types of configurations of nanotubes i.e. zigzag (5,0), armchair (3,3) and
chiral (4,2), of the smallest possible diameter (approximately 4A°), have been used. The calculations have been carried
out using Atomistic toolkit (ATK-VNL) simulation package which is a density functional theory (DFT) based package.
In the present work, local density approximations (LDA) as well as generalized gradient approximation(GGA) have been
used to demonstrate the properties of nanotubes-based SET. These approaches have been implemented for a nanotube
that is lying just above the gate dielectric. On the either side of the dielectric the electrodes are present, source in the left
and drain in the right. The metallic electrodes made of gold (W=5.28eV) and the dielectric material of the dielectric
constant 10eo have been used. The charging energies and additional energies of both types of nanotubes-based SET in
the isolated as well as in the electrostatic environment have been calculated using the approximations. The calculated
values of the charging energies in the electrostatic environment have been found to be less than the charging energies in
isolated configuration that shows the renormalization of molecular energy levels. Variations of total energies against gate

voltages and Charge stability diagrams (CSD) have been discussed.
KEYWORDS: Carbon Nanotube, Boron Nanotube, Single-Electron Transistor (SET), Electron Affinity, lonization Energy, Addition
Energy, Charge stability diagram (CSD)

Recent developments in the semiconductor electronics industry depict that Moore’s law has become realistic as the
size of storage devices decreasing day by day since past decades. Now, one can have billions of information in a small
pocket, which has become possible only due to the advancement in molecular electronics. After reaching to the ultimate
limit of microelectronics, for a device size of 10 nm or less, single-electron effects came into the existence [1-3]. Single-
electron transistors are based on the very simple Coulomb blockade principle and can control the flow of even a single
electron i.e. the elementary charge.

A Single-electron transistor (SETs) is a technique by which the flow of single electron can be controlled and hence
it requires very less amount of power consumption [4-11]. This device, in general, consists of three metallic electrodes
i.e. source, drain and gate. In between the two electrodes, source and drain, an island (metal/semiconductor) is placed just
above to the gate electrode and isolated from the gate by a thin dielectric slab. In SETs, a free electron is trapped onto the
nano-meter sized island and can tunnel through it by quantum mechanical tunnelling which is known as Coulomb
blockade [12-16]. Island is capacitively coupled to the electrodes by two small junctions and electron will be trapped onto
the island until the energy supplied by the voltage source is greater than the coulomb energy (e%/2C) of the system. Gate
works as a key controller in the device because by changing the gate voltage, charge on the island can be controlled.
Figure 1(a) is the schematic representation of a conventional SET device while fig 1(b) represents the electrostatic model
of a conventional SET device.
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Fig. 1. (a) Schematic representation of a Single-electron transistor (SET) device.
(b)The electrostatic model of a conventional SET device.
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Nanotubes, one of the most important nano materials, have been generously studied and can be categorized into two
types i.e. organic and inorganic. Organic nanotubes such as Carbon nanotubes, which were discovered by Iijima, show
astonishing electrical properties and these properties depend upon the diameter and chirality [17,18], while the inorganic
nanotubes similarly include boron-nitride, Si, gold etc. [19,20,21]. Pure boron nanotubes were discovered later, and it has
been predicted that all boron nanotubes are found to be metallic in nature [22-27]. In this study we have used carbon and
boron nanotubes of (5,0), (3,3) and (4,2), i.e. zigzag, armchair and chiral configuration respectively, as island in SET. It
is found that these configurations are the smallest possible nanotubes (that can be experimentally synthesized) with a
diameter of about 0.4 nm [28]. We have used two approximations i.e. Local Density Approximation (LDA) and
Generalized Gradient Approximation (GGA) to compare the carbon nanotube and boron nanotube-based transistors.
Further, CNT based SET and BNT based SET has been used to study in isolated and SET configurations. Additional
energies, charge stability diagrams and variations of total energies to that of the gate voltages have been calculated.

COMPUTATIONAL METHODOLOGY
Computational details

In order to model Single-electron transistor (SET), the basic requirement is an optimized structure, for which Density
Functional Theory (DFT) based Atomistic Toolkit-Virtual Nanolab (ATK-VNL) [29] package has been used. After
optimization, the modeling of SET and all calculations have been executed by using the same in which the double zeta
polarized basis set are used to expand the wave functions while local density approximation (LDA) as well as Generalized
Gradient Approximation (GGA) have been used [30].To design SET, parameters are chosen to be 14, 3.4A and 34, which
are gate electrode thickness, gate-oxide thickness, and source-drain thickness widths respectively. Dielectric material of
dielectric constant 10€o0 [31] has been used. Source-drain and gate electrodes in SET are supposed to be of metallic type
and here metal with work function 5.28 eV [32-33] i.e. gold is considered. In device analysis, perpendicular components
of electric field at the boundaries are made zero by using Neumann boundary conditions. In molecular energy spectrum,
energy zero is set to absolute energy.

Basic theoretical details

Density functional theory (DFT) [34-36] is normally utilized to analyze the electronic structure of multifarious
systems, holding a lot of atoms for example huge molecules or solids. It is established on electron density rather than
wave functions and handles both exchange and correlation. The chief purpose of this theory is to substitute the many-
body (MB) wave function with the electronic density as the essential measure. While the MB wave function is based on
3N erratic, three spatial erratic for every of the N electrons, the density is simply a function of three erratic and is a
straightforward measure to deal with both conceptually and practically. This theory has a widespread application to
quantum mechanical many body problems (QMMBP), where the system of interacting electrons is mapped in an exclusive
mode onto an effective non-interactive system with the same total density. Every property is therefore a functional of
density. Because density decides potential; which determine Hamiltonian, energy and wave functions; from which all the
properties can be determined.

The chief difficulty with DFT is that the precise functional for exchange and correlation are not recognized apart
from for the free electron gas. However, approximations survive which allow the calculation of definite physical quantities
fairly exactly. In physics, the majority broadly used approximation is LDA, where the functional depends only on the
density at the coordinate where the functional is evaluated:

E..[n]= stc(n)d3r

Generalized gradient approximations (GGA) are immobile local but also obtain into account the gradient of the
density at the similar coordinate:

E[ny,n, ] = J“("XC(nT’nWVnT’VN )d’r

RESULTS AND DISCUSSION

At first, we did the optimization of the nanotubes and then all six configurations [CNT (5,0), CNT (3,3), CNT (4,2),
BNT(5,0), BNT(3,3) and BNT(4,2)] have been modeled in SET configuration using the DFT based ATK-VNL software.
All calculations have been carried out using two approximations LDA and GGA. Idea behind using the two
approximations was to compare the results from both the methods. In order to expand the wave functions, double zeta
polarized (DZP) basis set has been used. Neumann boundary conditions, i.e. the value of electric field set to zero, have
been applied. The modeled SET configuration for CNT (5,0) is shown in Fig. 2, in which it can be seen that the nanotube
has been placed just above the dielectric slab connected to the third i.e. gate electrode and the complete system is
surrounded by the metallic electrodes. Within the metallic region, on each electrode the potential is fixed to applied bias.

After the completion of modeling, the SET configurations have been used to analyze the charge stability diagram
(CSD) and variation of total energies with respect to the gate voltages. The total energies for the neutral state in SET
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environment for carbon nanotube of (5,0), (3,3) and (4,2) configurations are found to be -3118.49721 eV, -1859.83117 eV,
and -8783.33288 eV respectively, while for boron nanotube of (5,0), (3,3) and (4,2) configurations are found to
be -1540.39202 eV, -925.66558 eV, -4319.81442 eV respectively by using LDA approximations. On the other hand,
when GGA approximations are used then the total energies for the same are found to be -3112.89942 eV, -1858.27950 eV,
-8763.08354 eV, -1535.00817 eV, -924.07263 ¢V and -4301.51111 eV respectively. To calculate charging energies i.e.
affinity energies and ionization energies, it is required to calculate total energies of distinct charge states (-1, -2, 0,
1, 2). Affinity energy, Ea, is the energy emitted/absorbed by adding one electron to the molecule on the other hand,
ionization energy, Ey, is the energy emitted/absorbed by deducting one electron from the molecule. In equation form these
may be written as follows:

Ea=E'-E°
Ei=E"-E°

where E%is the energy of the molecule at neutral state, E*! is the energy of positively charged molecule and E! is the
energy of negatively charged molecule.

Source

Gate

Fig. 2. SET configurations of CNT (5,0)

For all configurations of CNT and BNT, the calculated values of charging energies by LDA and GGA
approximations are shown in the tabular form. In the table below, Table, charging energies have been calculated by using
both the approximation methods for isolated configuration and for SET configuration respectively. As it is clear from the
table that the value of charging energies is decreasing for most of the structures of CNT as well as for BNT from isolated
to SET environment. This decrease in charging energies shows the stabilization of the charge by electrostatic
surroundings.

Table.
Charging and additional energies for CNT and BNT in isolated and electrostatic surroundings
by using both the approximation.

LDA GGA
E[(CV) EA(GV) EADD:EA-E[(CV) El(eV) EA(eV) EADD:EA-E[(CV)

(5,0) | 5.59236 -2.96275 -8.55511 5.51546 -2.93499 -8.45045

SO CNT | (3,3) | 7.35366 -0.86581 -8.21947 7.29691 -0.8811 -8.17801
(4,2) | 4.92968 -2.79152 -7.7212 4.8809 -2.74619 -7.62709

(5,0) | 6.30343 -3.79847 -10.1019 6.23544 -3.73954 -9.97498

BNT | (3,3) 8.86497 -5.02667 -13.89164 8.75737 -5.00505 -13.76242
(4,2) | 5.88888 -5.02643 -10.91531 5.77556 -4.9287 -10.70426
(5,0) | 6.47731 -4.93234 -11.40965 6.50309 -4.55857 -11.06166

CNT | (3,3) | 6.26139 -4.35388 -10.61527 6.29442 -4.37368 -10.6681

SET (4,2) | 5.35121 -5.02946 -10.75916 5.44697 -5.14483 -10.5918
(5,0) | 5.87573 -4.5 -10.37573 5.87078 -4.43984 -10.31062

BNT | (3,3) | 7.19601 -2.14373 -9.33974 6.86654 -3.14544 -10.01198
(4,2) | 5.43252 -4.50399 -10.35896 54218 -4.89782 -10.31962

Improvement in the conductance can be observed by calculating the additional energy, which is the difference of

affinity energy (Ea) and ionization energy (E),

Eada=Ea—E;
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From the Table it can be seen that there is a remarkable decrease of the additional energies for SET environment of
CNT (5,0), CNT (3,3) and CNT (4,2) structures for both the approximations used. Decrease in additional energy shows
the stabilization of the charges in the structures. A very small reduction is seen for the BNT (5,0), while for BNT (3,3)
and BNT (4,2) values of energies are not decreasing. This may happen due to the instability of the structures. From the
table it is also clear that CNT (5,0) has the lowest additional energy among all the configurations. Also, it is clear that by
using LDA, we are obtaining the lowest energy for the same. On the other hand, by using GGA, we are obtaining the
lowest energy for armchair type CNT i.e. (3,3). While in the case of boron nanotube [20-22], we are obtaining good results
for BNT (5,0) by using GGA method.
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Fig. 3. Variation of total energies against gate voltage by using LDA
(a) — CNT (5,0), (b) — CNT(3,3), (c) - CNT(4,2), (d) — BNT(5,0), (¢) — BNT(3,3), (f) - BNT4,2)

Fig. 3 and 4 show the variation of total energies [by considering LDA (Fig.3) and by GGA (Fig.4)] with respect to
gate voltages for distinct charge states in which different color map is used i.e. blue (-2), green (-1), red (0), turquoise (1),
and violet (2). Different color map depicts different charge state. From the fig. 3 it is clear that for CNT (5,0), CNT (3,3),
BNT (5,0), and BNT (3,3) configurations, the system has minimum energy in the neutral state i.e. 0 charge state. Since 0
charge state represents the stability of any system therefore the system is stable in zero charge state. One more thing that
can be noted from the Fig. 3 is that when a negative bias is applied then positive states are getting stable. This indicates
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the fact that on applying negative biasing, gate will be negatively biased, and an electron will be eliminated from the
CNT/BNT and making it positively charged.

As a result, the HOMO level of CNT/BNT appears to be above the electrode’s Fermi level. At the same time, when
positive bias is applied then negative charge states are getting stable. This indicates that when positive bias is applied,
gate will be positively charged then an electron is attracted towards CNT/BNT and making it negatively charged. As a
result, the LUMO level of CNT/BNT appears to be above the electrode’s Fermi level. Configuration (4,2) is not showing
that much promising stabilization properties as from both the Fig. 3 and Fig. 4 it is clear that system is not so stable in
their neutral state as the minimum energy of the system is not for the zero-charge state.
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(a) — CNT(5,0), (b) — CNT(3,3), (c) — CNT(4,2), (d) - BNT(5,0), (¢) — BNT (3,3), (f) - BNT (4,2)

Charge stability diagrams (CSD) have been plotted for the investigation of conductance and are shown in Fig. 5 and
Fig. 6 [by using LDA and GGA respectively]. CSD explains the dependence of conductance on the source-drain and
voltage. In this diagram, for different gate voltages the charging energies of CNT/BNT in SET surroundings have been
plotted. A certain number of energy levels i.e. charge states are present for a fixed value of source-drain and gate voltage.
Different colors represent the different energy levels i.e. blue (0), light blue (1), green (2), orange (3) and red (4) in CSD
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and conductance depends upon the number of charge states in bias window. As much as the width of the central dark
region decreases, less the charging energy will be needed to bring SET into conduction state.
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Fig. 5. Charge stability diagram (CSD) for CNT_SET (a,b,c) and BNT _SET (d,e,f)
CSD shows different number of charge states for different bias with blue (0), light blue (1), green (2), orange (3) and red (4)
[by considering LDA]

From the Fig. 5 and Fig. 6 it can be shown that central dark blue region is minimum for CNT (5,0) when calculations
are done using LDA. On the other hand, when GGA method has been used to calculate total energies, BNT (5,0) is
showing the minimum dark blue region. As much as the width of the central dark region decreases, less the charging
energy will be needed to bring SET into conduction state. If we compare all the devices structures, calculating by using
LDA as well as GGA, then we can state that CNT (5,0) by calculating LDA is showing better results because it has the
minimum charging energy and the smaller coulomb blockade region among all other candidates, i.e. for this configuration
electron is trapped in the coulomb diamond for a less time as compared to other configurations. Since the charging energy
is the amount of energy that is required for an electron to tunnel through the tunnel junction, so it can increase the amount
of the current flow and can make the SET operation fast.
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[by considering GGA]

CONCLUSIONS

In the present work, the calculations exhibit the application of DFT to obtain the perceptivities into the different
properties of nanotubes based Single-Electron Transistor working in a Coulomb blockade regime. SETs with the different
islands i.e. carbon nanotube and boron nanotube have been modelled and compared for their conductivity and fast
switching property with the help of charge stability diagram (CSD) and the variation of the total energies against gate
voltage for different states of charges. Due to the stabilization of the charges, the charging energies have decreased for
electrostatic surroundings. Addition energy for the island CNT(5,0) has been found to be the lowest for electrostatic
environment. Charge stability diagrams (CSD) have been compared and suggest CNT(5,0) for better performance and
fast switching properties for the area of the coulomb blockade region is reduced as compared to other islands, therefore
for this island less amount of energy is needed to bring SET in the ON state. Therefore, nanotubes-based SETs have been

successfully modelled and studied by both the approximation methods and we found the good results from LDA for the
island CNT (5,0).
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NEPIIONNPUHIIUIIN PO3PAXYHOKY OJJHOEJEKTPOHHUX TPAH3UCTOPIB
HA HAHOTYBKAX BYI'JIEHIO TA BOPY
Cpanxa Yayxan, Anxzkaii Cinrx Bepma
Kadgheopa ¢izuxu, banacmani Bio anim, Padocacman, 304022, Inois.

Huspke crioxuBaHHS €HEprii, HEBEIWKUH pO3Mip MPHCTPOIO Ta Kpalla KepOBaHICTH HOCIIB 3apsmy — me (akTopw, sKi 3po0min
onHoenekTpoHHuit Tpansucrop (SET) mpumaTHUM KaHIMIATOM JUIS MOJIEKYJIAPHOI €JIEKTPOHIKH, ajie € JesSKi BIOCKOHAJICHHS, SKi
MOXHa 3poOUTH It foro mpakTHYHOro BukopucTaHHsA. OnxHoenekrponuuit Tpansucrop (SET) mpaiioe Ha OCHOBI TyHETIOBAaHHS
CJICKTPOHIB 4epe3 JBa TYHENBHHX Nepexoau. Bubip BigmoBigHOro OCTPIBHOrO Marepiaiy Bilirpae KIIOYOBY POJb Y TYyHENIOBaHHI
SJICKTPOHIB Yepe3 TyHeNbHI Iepexoau. B naHiit poOOTi BUKOHAHI pO3paxyHKH HEPLIONPHHINIIB OJHOCICKTPOHHHUX TPAaH3UCTOPIB Ha
OCHOBI BYIJICIIEBUX Ta HAHOTPYOOK Ha OCHOBi Oopy. BukopucToByBamu Tpu TuUmm KoH}irypauiid HaHOTPYOOK, ToOTO 3ur3ar (5,0),
kpicio (3,3) Ta xipambHuit THO (4,2), 3 HaWMEHIUUM MOMXJIMBMM OiamerpoM (mpubiusno 4A°). Po3paxyHKH HpOBOJHMIIMCS 32
JonoMororo makery mozaemoBaHHs Atomistic Toolkit (ATK-VNL), sikuif € makeTtoM Ha OCHOBI Teopii (yHKIIOHANBEHOI OIITBHOCTI
(DFT). V wiit poboti mnst nemonctpanii BaactuBocteid SET Ha OCHOBI HAHOTPYOOK BHKOPHCTOBYETHCS HAOIIDKEHHS JIOKAJTBHOT
minsHOoCTi (LDA), a Takox y3aransHeHe HabmmkeHHs rpagienta (GGA). Ii migxoxu Oynu peanizoBaHi Juist HAHOTPYOOK, IO JISKATh
TPOXH BHINE [ieJIeKTPHYHOro 3aTBopy. Ilo oOmmBa OOKHM IieNeKTpHKa IPUCYTHI ENEKTPOAH, JKEpeNo JIBOpyd 1 CTiK CIHpasa.
BukopucroByBanucs MertaineBi enekrponu i3 3omora (W = 5,28eB) ta mienexTpuyHoro mMatepiany 3 HielekTpuaHoIo ctanoro 10eo.
Eneprii 3apsiqxu Ta monatkoBi eHeprii o6ox tumiB SET Ha 0CHOBI HaHOTPYOOK SIK B i30JbOBAaHOMY, TaK i B €IEKTPOCTATHYHOMY
CepeloBHIIl OyaM pO3paxoBaHi 3a JIONOMOrorn HaOmkeHb. OOYMCIICHI 3HAYEHHS EHEpriil 3aps/DKaHHsA B eNEKTPOCTATHYHOMY
CepeOBUI BUSBHJINCh MEHIIUMH, HDK SHEprii 3apsUpKaHHs B i30JbOBaHii KOH(QIryparii, 1o mokasye nepeHOpMyBaHHs PiBHIB
MoJIeKyJsipHOi eHeprii. O6roBopeHo Bapiallii 3aragbHOI eHeprii Bi HAPyTu Ha 3aTBOPY Ta Aiarpamu crifikocti 3apsay (CSD).
KJIFOYOBI CJIOBA: HaHoTpyOKa BYTJICIIO, HAHOTPYOKa O0py, ogHoeneKTpoHHH TpaH3uctop (SET), copigHEeHICTh eNeKTPOHiB,
eHeprid ioHi3allil, eHepris 1oJaBaHHs, Jiarpama cTiikocTi 3apany (CSD)

MNEPBONPUHIUIIBI PACYETA 3JIEKTPOHHBIX TPAH3UCTOPOB HA HOTPYBKAX U3 YIJIEPOJA U BOPA
Cpanxa Yayxan, Anskaii Cunrx Bepma
Quszuueckuii paxynomem, Banasthali Vidyapith, Padscacmxan, 304022, Hnous

Huskoe mortpebienue sHepruu, HEOOJBIION pa3Mep YCTpOMCTBAa M Jiydllas YHpaBisIeMOCTh HOCHTENEH 3apsjga — 9TO (akTopsl,
KOTOpbIE CAENATM OTHOAIEKTPOHHBIN Tpan3zuctop (SET) mpuromHsIM KaHOUIATOM U MOJEKYJIPHOW JJICKTPOHUKH, HO €CTb
HEKOTOPBIE YCOBEPIIEHCTBOBAHMSI, KOTOPbIE MO>KHO C/IENATh JJIs €10 MPAKTUUECKOT0 UCTIOIb30BaHuUs. OIHOAIEKTPOHHBIH TPaH3UCTOP
(SET) paboTaeT Ha OCHOBE TYHHEITHPOBAHHS JIEKTPOHOB Uepe3 ABa TYHHEIBHBIX Iepexoa. BIOOp COOTBETCTBYIOIMIETO OCTPOBHOTO
MaTepuaga UrpaeT KIOYeBYIO pOJIb B TYHHEIMPOBAHUHU JIEKTPOHOB depe3 TyHHENbHBIE Tepexoipl. B maHHOI paboTe BBIIOIHEHBI
pacdeTs! IEepBONPHUHIUIIOB OJHOIICKTPOHHBIX TPAaH3UCTOPOB HAa OCHOBE HAHOTPYOOK yriepona u Oopa. Mcmome3oBanu Tpu Thma
KOH(Uryparuii HAHOTPYOOK, To ecThb 3ur3ar (5,0), kpecso (3,3) u xupansHbeiid THH (4,2), ¢ HAUMEHBIINM BO3MOXHBIM JTHAMETPOM
(mpumepHo 4A°). Pacuers! nmpoBoIwiIKCh ¢ HOMOIIbI0 nakera MopenupoBanus Atomistic Toolkit (ATK-VNL), kotopslii siBisieTcst
[IaKeTOM Ha OocHOBe TeopuH ¢yHkimoHanbHOU moTHOcTH (DFT). B atoli pabGore mnst nemoncrpanmu cBoiictB SET Ha ocHoBe
HaHOTPYOOK UCIONIB3yeTCs NpUOIKEeHUS ToKanpHOH iotHocTH (LDA), a Takke 00001menHoe npubnmxenue rpaguesta (GGA). Otu
MOAXO/bI OBIIM Peaan30BaHbl Il HAHOTPYOOK, JIEKAIIUX UyTh BBIIIE JU3NIEKTpHYecKoro 3arBopa. [o ob6e cTopoHbl Au3aneKTpuKa
MIPUCYTCTBYIOT JIEKTPOABI, HICTOYHUK CIEBA U CTOK EJT0. VICIomb30BaIiCh MeTaJUIMIeCKUe 3IeKTpoabl u3 3010ta (W = 5,28 3B) n
JUIIEKTPUIECKOT0 MaTepHalla ¢ JUIEKTPHIECKON NoCTOSHHON 10€0. DHeprum 3apsaky U DOTMOIHHUTEIbHBIE SHEPTHH 000MX THIIOB
SET nHa ocHOBe HAHOTPYOOK KaK B M30JIMPOBAHHOM, TaK U B DJIEKTPOCTATHYECKOM CpeJie OBUIH pacCUUTAHbI C HOMOIIBIO TPUOIKEHHH.
Brrunciiennble 3HaYeHHUs SHEPrHi MOA3apSAKH B DJIEKTPOCTATHIECKOH Cpele OKa3alHCh MEHBIIMMH, YeM PHEPIUH IOJ3apsIKd B
M30JIMPOBAaHHON KOH(UTYpaIMH, 4TO TOKa3bIBACT IEPEHOPMUPOBKY YPOBHEH MOJICKYIJISIpHO# dHepruu. O0Cy KIeHbI Bapuanuy oomei
SHEPruu OT HaNpPsDKCHUS Ha 3aTBOPE M JuarpaMMsbl ycroiunBocty 3apsna (CSD).

KJIFOYEBBIE CJIOBA: yrieponsast HaHOTpyOKa, HaHOTpyOKa 6opa, ogH031eKTpoHHbIH Tpan3uctop (SET), cpoacTBo K 35IeKTpoHy,
SHEprusl HOHU3AIMH, 100aBOYHAS SHEPrus, [uarpamMmma crabuiabHocty 3apsaa (CSD).





