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Haiinem nmyTh nuisimbl 3a JaHHBIA MPOMEXKYTOK
BpeMeHH 1o Gopmyie S, = U, - t

Sy =3kM/u-1l9y=3KM

Haiinem CKOpPOCTb JIOAKW TIPOTUB TEUCHUA 110
CbOpMyJIC Uy = Upe = On

19_8KM 3KM_5
n =8 b KM /4

Haiinem nyTh J00KM 3a JaHHBIM IPOMEXYTOK
BpeMeHu 1o ¢popmyie S, = I, - t

KM
SH=ST'1‘-I=5KM

Haiinem paccrosiHue MexAy LUISAIONW U JIOLKOH
4yepe3 JaHHBIH MPOMEXYTOK BpPEMEHH 1O (opmylie
S=S,+S;

S=3kM+ 5KM = 8KM

5. IlpoBepka pemenus 3agauu: IlomyueHHOE
paccrosiHue 8 KM pa3fenauM Ha BpeMs IBIDKeHUS 1 9 u
HNOJYYUM CKOPOCTh YIANECHHS IIJISIMBI U JIOAKH APYT OT
npyra — 8 kM/4 (3 kKM/94 + 5 KM/d), 9TO TIOTHOCTBIO
COBMAMAET C PEIICHUEM 3a1a4H.

6. OtBeT: S = 8 KM.

7. AHanu3 penieHus 3aa4M: Mbl CBEIH PELICHUE
9TOM 3aJa4d K BBIIOJHEHUIO YEThIpEX IMPOCTEHIINX
apu(pMETHYECKUX JCUCTBUM, YTO CHIIBHO YHPOLIAeT
3a/la4y U HarJIigHO JEeMOHCTPHPYET NMPOUCXOASIINE B
Helt geiicTBus. Ho ee MOXHO ObLTO pelIMTh HEMHOTO
KOpoue BBUAY TOTO, YTO MOKHO OBIJIO OBl M3HAYAIBHO
HaWTH CKOPOCTh YAalIeHHS OOBEKTOB M 3aTeM 3Ty
CKOpPOCTb YMHOHUTb Ha BpeMs UX yAAJEeHUs, HO TOrjaa
y CcHabbIX y4amiuxcs MOTYT BO3HHUKHYTH BOIIPOCHI IO
3TOMY NOBOAY. B pemeHHol 3agade OCHOBY pelIeHUs
COCTaBJIAET rpaduieckoe N300paxKeHne. IT0 TOBOPUT
o TOoM, uTO (opmmpyercs Tpaduueckas KyJabTypa
HIKOJIBHHUKOB, KaK YaCTh MaTEeMaTHUECKON KyJIbTYPHI.

3aki0ueHue

IIpocrota B u300pakeHnH, O€3yCIOBHO,
MOMOTAeT yJalluMcs Jydile pa3o0paThCsi C TeM, YTO

MIPOMCXOJUT B 33j1a4€ U YTO B HEH TpeOyeTcst HalTH, a
9TO y>Ke HaXOJIUT CBOE OTpaXKEHHUE NPpH (POPMHUPOBAHUHT
MaTeMaTU4eCKOU KYJbTYPBIL, IIOCKOJIBKY
MareMaTU4ecKas KyJnbTypa - 3TO, NpEXIe BCEro,
yYMEHHE OIUCHIBATh IPOUCXOSIIEE BOKPYT (B JAHHOM
cllydae MPOMCXOJMINEE B 3aJade) MaTeMaTHUECKUMHU
meronaMu. Ha oOCHOBe paccMOTpEeHHOHl Teopuu Hu
pa300paHHBIX TPUMEPOB MOKHO CAENATh BHIBOJ, O TOM,
YTO HarIIJHOE MOAEIHPOBAHUE U PA3IMYHBIE €€ BUIBI
SIBIISIFOTCS] OCHOBHBIM 3JIEMEHTOM IIpH (pOPMHUPOBAHUU
y ydalluxcsi MaTeMaTU4eCKOM TIpaMOTHOCTH U
MaTeMaTU4eCKOH KyJIbTypbl. B pampHeimeMm 3To
MO3BOJIUT B KaXKAOW TeMe Kypca MaTeMaTuku 5-6
KJIacCOB, B JIIOOOW CHUTyalMu, B KaXJOW pelraeMoi
3aja4e COPMHUPOBATH HATIISAHBIE 00Pa3bl H3y4aeMbIX
MOHATHH W OOBEKTOB WU HUCHOJb30BaTh HX HPHU
00y4EHHH IIKOJIHLHUKOB.
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This paper explores patterns of electronic beam movement by controlling the transverse axis of the bundle of

the uniform magnetic field generated by the coils of the electronic gun. For electron beam processes, the type of
process, the technological mode, the design dimensions of the electronic gun, and the shape of the machined parts
determines beam motion. The free and precise movement on random trajectories determines the possible
applications of the electron beam process in performing various scientific experiments on material processing.

1. Introduction

Electron Beam Welding (EBW) is a modern
method for the creation of non-dismountable
compounds by local melting and solidification of the

material widely applied in industrially industrialized
countries [1]. In the present work is presented the work
of the diverting system of electron beam welding gun.
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Figure 1. Electronic-optical circuit of a gun for electronic welding. [2]

EBW is carried out by an Electronic Gun (Figure
1) in which the electron beam is formed. From the high
voltage source, electrons are fed to the cathode, which
passes through the anode to form a beam, the main
components of which are voltage and current of the
beam. The electron beam is controlled by
electromagnetic focusing lenses and four 90 ° divergent
electromagnetic coils.

2. Setting the task.

Magnetism - a section of physics that studies one
of the main interactions in nature - the interaction
between moving electric charges, called magnetic
interaction. Similar to electric forces and magnetic
forces acting on the magnetic forces, they also have
their own mediator - the magnetic field. The magnetic
field of constant currents is inextricably linked to the
existence of currents. Two wires that run parallel to
each other are electrically connected or repulsed
depending on the direction of the current in the wires.
With this experience in 1820, André-Marie Ampere
formulated Amper's so-called law. According to
Amper, the field of the so-called magnets is created by
elementary (micro) currents in the magnets generated

by the electrons moving around the nuclei of the atoms.
Around every moving electric charge or electric current
there are always two fields - electric and magnetic. The
induction of the magnetic field is a Tesla (T) when it
acts with magnetic force a Newton (N) on a conductor
with a length of one meter (m) on which one Ampere
(A) current flows:

1T = IN |

T Asm’

The electrostatic field is inextricably linked to the
existence of electrical charges. Therefore, there is a
magnetic field or electrostatic field in the space if there
are electric currents or electric charges and absent if,
they are not. The current flowing on the windings can
control the magnetic field of the electromagnet. The
understanding of the magnetic field is built into two
positions: the moving charges create a magnetic field
and the magnetic field acts on the moving charges. The
force with which the magnetic field acts on moving
charges is called the strength of Lorentz.
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Figure 2. Magnetic lens

Figure 2 shows the operation of a magnetic lens
that diverts the electrons forming the beam in different

directions depending on the difference in the supply
current of the windings of the diverting coils.

e, Magnetic lines

Electromagnetic coils
beam

Electromagnetic coils

Figure 3. In a homogeneous magnetic field perpendicular to an electron beam, the originally
centered beam (left) diverges laterally (right). [5]

Magnetic field is created by moving electric
charges (currents). In order to determine the direction
of the induction vector of the magnetic field in a
conductor with current, the drilling rule or the right
hand rule. The magnetic diverting system is used to
control the beam by guiding it through the cuts of the
welded articles. By arranging two windings
perpendicular to the light, conditionally in the shape of
a cylinder of diameter d, creating a magnetic field
similar to the magnet horseshoe, the electron beam can
be deflected laterally. They can be used for "static" or
"dynamic" deviation. Static deflection is useful for
accurate beam positioning when welding. The dynamic
deviation is realized by powering the deflector coils
with computer-controlled currents. The number of
turns of the diverting coils required to deflect the
energy beam of the electrons U at an angle 6 is
determined by the ratio:

U
——sing;

(IW)ger = 2.65—

where I-width, mm;

For example, for coils with internal diameter
d = 60mm and width | = 60mm with electron energy
50kV, the maximum beam bias of 6 = 15° will be
reached at (IW) = 160 shifts. Coil windings are
distributed so that the system creates a homogeneous
magnetic field capable of deflecting the beam without
changing its shape.

The ratio defining the angle of deflection of the
beam:

Idef = k3\/ﬁsin 0,

where:

Iqe ¢~ current of the diverting system;

k; — Proportionality factor = Z—;;

Ko — magnetic constant;

U — voltage;

0 - angle of deflection of the beam relative to the
axes of the electronic optical system;

By supplying a certain current and voltage to the
deflection system, we can determine by the angle of
deviation 0 at what distance the beam can deflect. In the
experimental part of this article, the formula for the
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deflection current is calculated for specific currents and
the acceleration voltage at what angle and at what

3. Experimental part
In Table 1 U = 50kV, the current supplied to the

distance it will deflect the beam. The distance will  coils g = 40 + 100mA,

the beam length

change from a manipulator located in the vacuum  z =340mm:
chamber.
Table 1
z U et Ks 0° DEF, mm
340 50 40 2 -0,04967 -16,9005
340 50 50 2 0,749633 316,5095
340 50 60 2 -0,99722 -526,299
340 50 70 2 0,643029 254,749
340 50 80 2 0,09921 33,84257
340 50 90 2 -0,78158 -337,413
340 50 100 2 0,992295 520,651
Figure 4 shows a graph of the deviation of the
beam welding point positions indicated in Table 1.
Deflection,mm
1
1000
500
5 4
Figure four Deviation of the beam with current and voltage parameters
In Table 2 U = 150kV, the current supplied to the
Coils lger= 40+100mA, the beam length z = 300mm:
Table 2
z U et Ks 00 DEF,mm
300 150 40 2 -0,09511 -28,619
300 150 50 2 -0,99292 -460,026
300 150 60 2 0,142393 43,0091
300 150 70 2 0,986139 4532781
300 150 80 2 -0,18936 -57,4954
300 150 90 2 -0,97712 -444,516
300 150 100 2 0,235888 72,10869

Figure 5 shows a graph of the deviation of the
beam welding point positions as shown in Table 2.
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600

Deflection, mm

Figure 5 graph of the deviation of the beam welding point

By changing the parameters of the currents and
voltages supplied to the electromagnetic coils, we can
divert the beam in the desired direction depending on
the welded product. Another parameter that can be

changed is the focal length by changing the height and
position of the product via a PLC or microPLC
controlled handler.

500

Deflection, mm

e=@==DEF,mm ==@==DEF1,mm

DEF2,mm e=@==DEF3,mm

Figure 6 Diagram of the possible deviations of the welding points of the bundle

For the control of the EG diversion system located
in IE-BAS will be used PLS SIEMENS, which will
supply a control signal to the diverting coils. When
welding checks are carried out, a computerized
measurement information system based on a
compatible computer equipped with an MPI interface
connected to PLS SIEMENS is used to record the
current passing through the collector circuit. The saved
results will be stored in a file for further processing.

4. Conclusion:

In the presented work a simulation is made and the
possibility for deflection of the electron beam by
changing the current applied to the deflection windings
of the electromagnetic coils located in the electron
beam gun is empirically shown.
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AHHOTALUSA

MopenupoBaHue  MapasUTHBIX  TYHHEIbHBIX
KopoTkokaHaJdbHBIX MOII-TpaH3ucTopoB.

B HacTosmieli paboTe C MOMOIIBI0 YHUCICHHOTO MOJACIMPOBaHUS MeToaoM Monte-Kapio 31eKTpOHHOTO
nepeHoca B KOpoTKokaHaIbHBIX MOII-TpaH3ucTOpax ¢ IUIaBaIOIIMM 3aTBOPOM PACCUUTAHBI paclpeleieHus
BCJIMYMHBI MMApa3UTHOTO TYHHEJIBHOTO TOKa U CPCIAHUX 3HAYCHUH OHEPIuu U NOABUIKHOCTH BJICKTPOHOB BJ0JIb
MMpOBOAAIIECTIO KaHaIa 3TUX TPaH3UCTOPOB. HpoaHanmnpOBaHo BJIMSIHUEC CTOKOBOI'O HAIIPSAKCHUA B 3JICMCHTAX
(I)HCLH-HEIM?[TI/I IIpu CYUTBIBAHUHN I/IH(I)OpMa].[I/II/I B HHUX HAa JaHHBIC pacOpCACICHUA. HOKaSaHO, 4YTO B LICJIOM IJIA
pa601mx PEKUMOB BCIMYMHA NAPA3UTHBIX TOKOB B PACCMOTPCHHBIX 3JICMCHTAX (I)J'ICH.I-HaMSITI/I O4YCHb MaJia.
O,I[HaKO IIpyu JJIUTCIIBHOM XPpaHCHHH OHA MOKET MPUBCCTU K U3MCHCHHUIO XPAHALICTOCA Ha IJIaBAOIIEM 3aTBOPC
3apsaa.

ABSTRACT

Simulation of parasitic currents in Flash-memory cells based on short-channel MOSFET.

In present paper the distributions of parasitic tunneling current as well as mean electron energy and mobility
along the channel are calculated for short-channel MOSFETS by using Monte Carlo simulation of electron drift in
such devices. The effect of drain bias in Flash-memory cells on these distributions is investigated for reading
information regime. It is shown that the value of parasitic current is very small at considered conditions. But long

TOKOB B  DJJICMCHTax (‘I)HeHI-HaMHTI/I Ha  OCHOBC

storage can be change the charge in a floating gate of short-channel MOSFETS.
KuioueBble ciaoBa: Quen-naMarh, KOpoTkokaHanbHbi MOII-TpaH3ucTop, TyHHETUPOBAHUE DIIEKTPOHOB,

npeiid 3nexTpoHoB, MeTox Monte-Kapio.

Key words: Flash-memory, short-channel MOSFETS, electron tunneling, electron drift, Monte Carlo

simulation.

TeHaeHIMN pa3BUTHSI COBPEMEHHBIX TEXHOJIOTUH
(em-mamMsaTH  Ha OCHOBe KpeMHHeBbIX MOII-
TPAH3UCTOPOB C IIABAIOLTIMH 3aTBOPAMH HAIIPABIICHBI
Ha yMEHBIIEHHE Pa3MEpOB IAHHBIX TPAH3UCTOPOB U
MOBBILICHHE HaJEKHOCTH XPaHEHUs MHQOpMAIHMU B
HUX, T. €. CHIDKCHHE BEJIMYUHBI IPOTEKAIOIINX B ITHX
TPAaH3UCTOpaX Mapa3UTHBIX TYHHENbHBIX TOKOB (CM.,
Hanpumep, [1; 2]). TyHHeTbHBIE TOKH MOPOXKIAIOTCS
HEOJHOPOAHOCTSIMUA ~ JJIEKTPOHHON  IUIOTHOCTH U
SNEKTPUUYECKOr0 MOTEHIUana, BO3HHUKAIOUUMHU B
MPOBOJAILEM KaHaJle KOPOTKOKAHAIBHBIX KDEMHUEBBIX
MOII-TpaH3uCTOPOB, JEXKAIINX B OCHOBE sTUeeK (hrer-
MaMsTH, TPA YTEHUH XPaHSIIEHCs B HUX HHPOPMAIIHH.
Hakomnienrne 37€KTPOHOB C JIOCTATOYHO BBICOKMMU
SHEPTUSAMH B OIPEIENCHHBIX YYacTKaX KaHajla MOXKET
MIPUBOJINTH K HEXKETAaTeIbHOMY TyHHEIMPOBAHUIO ATHX
SJIEKTPOHOB Ha IUIABAIOMIMHA 3aTBOP W HCKAKCHHIO
XpaHsIIeics: Ha HeM HHPOpManuy.

Llenbl0 HACTOSINIErO WCCIEIOBAHUS  SIBUJIOCH
MOJIEIUPOBAaHNE TAPA3UTHBIX TYHHEIBHBIX TOKOB B
KOPOTKOKaHaJIbHBIX MOII-Tpan3ucTopax c
IUIABAIOIIMM 3aTBOPOM U, B 4YaCTHOCTH, OLEHKA
BIMSHUSA Ha HUX BEJIMYMHBI CTOKOBOTO HAIPSIKEHHS
TPAH3UCTOpA MPHU BO3MOXKHBIX PEKUMAaX CUUTHIBAHUS
XpaHsmencs B sdeiike ¢uem-namMsaTH uHpOpMaIiH.

Pacder TyHHEIFHBIX TOKOB OCYIIECTBIISUICS HA OCHOBE
MOJICIIMPOBAHMS AJIEKTPOHHOTO ITIEpeHOCca B KaHAlle
MOII-Tpan3uctopa MetogoM Monrte-Kapio BmecTe ¢
CaMOCOTJIACOBAaHHBIM peleHrHeM YpaBHEHUSI
Ilyaccona. ANTOPHUTMBI TaKOrO0 MOICIMPOBAHUS
npuBeneHsl B pabotax [3; 4], a mpomenypa pacuera
TYHHEJILHOTO TOKa paccMoTpeHa B pabore [5]. B
Ka4yecTBe MOJIEIILHOTO HUCCIIEIOBAJICS MOII-
TPAH3UCTOP C TUIABAIOIIMM 3aTBOPOM CO CIICAYIOIIAMHU
KOHCTPYKTUBHO-TEXHOJOTHYSCKUMH MapaMeTPaMHU:

mnuHa kaHama Len = 0,15 MiMm, TommmHA
MoJ3aTBOPHOTO  OKUCNIA Ooxe = 6 HM, TOJIIMHA
TYHHEJIBHOTO  OKHCHA Oy 2 HM, TOJIIHHA

[UIABAIOMIETO 3aTBOPA Ommas = 2 HM, KOHIIEHTpALUs
JOHOPDHOW TmpHMecH B OOJIACTSAX HCTOKA M CTOKA
Np = 10% M3, koHIIeHTpaIMs aKLENTOPHOH NPUMECH B
nognosxkke Na = 10% ™3, riybusa 3aneranus
HCTOKOBOW W CTOKOBOW oOJjacTeli B MOIOXKY
di= 100 um.

Ha puc. 1 mpuBesena sHepreTuyeckas quarpaMma
sHeWkn (UIelm-IaMsATH T[pUH  NPOTEKaHWH B HeH
MMapa3uTHBIX TYHHEIBHBIX TOKOB. IIpuM cUYUTHIBAaHHU
nH}opManuy noaaTcs paboyne HaNpsPKeHUS Ha CTOK
n 3atBop (mopsinka 2 B). Benmunna Uy, oTHOCHTEIBHA
HeBenmuka (cocraBisieT okoio 0,3+0,4 ot Usm), u
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