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B TexHO/JOrM4yeckoM MpoLecce W3roTOB/eHUS MUKPOIIEKTPOHHbIX MPUBGOPHBIX CTPYKTYP,
0CO6eHHO Mpu MNMpPOU3BOACTBE C CY6MUKPOHHLIMM MUHUMAJIbHLIMU pa3sMepamMu, yCcuUanBaeTcs
B3aMMOCBSA3b MeXAy napamMeTpamMu NpUGOPHbLIX CTPYKTYP U TeXHONOrMem UX U3roTOBJIEHUS.
Mpu yMeHblIEHUM pasMEpPOB 3/1eMEHTOB MNpPUBGOPHbIX CTPYKTYp oOfnpegeseHMe mNapaMeTpoB
npodunsa npumecein U UX 3IEKTPUYECKUX NapaMeTpoB, YCTAHOBIEHUU O6paTHOM CBA3U MeXAyY
XapakTepucTtukamu npubopa U TeXHONI0ruel ero U3roToBieHns npuobpetaeTt npeobnapatolee
3Ha4yeHwue. MokasaHo, 4YTo  (U3MKO-TEeXHOJIOrM4Yeckoe  MoAeNupoBaHMe  MNo3BonsieT
NPOrHO3MpoOBaTb XapakKTepPUCTUKU MUKPOIEKTPOHHbIX MPUGOPHBIX CTPYKTYP M YyCTaHaBAUBaTb
KOppensuum TEeXHOJIOTMYEeCKUX U INeKTpUYeCcKUX MnapamMeTpoB 3/1eMEHTOB, BO3MOXHOCTb MX
ONTUMANIbHOrO MpPOEeKTUpPOBaHUA. MopenvpoBaHue TEXHOJNIOTUM W3roTOB/IEHUA MNPUBOPHbBIX
CTPYKTYyp o6ecneyvMBaeT WMUTALUM MNOBEAEHUSA 3EMEHTOB WHTErpasbHOM 3/1eKTPOHUKU
B pabouymx yC/NOBUAX M pacyeT MUX 3/1IeKTPUYECKUX XapaKTepUCTUK M napamMeTpoB, NMo3BonseT
CHU3UTb BpeMs MNpPOeKTUPOBaHWUSA NPUGOPOB U OAHOBPEMEHHO 06ycC/iaBAMBaeT BEPOSATHOCTb
ONTUMU3ALUM PEXUMOB TEXHO/IOTUMU, FeOMEeTPUYeCKUX Ppa3MepoB, KOHCTPYKLUIA 3JIEMEHTOB
MHTerpasbHOM 3/IeKTPOHUKU, [AOCTUXEHUS ONTMMAJIbHbIX ANS [AHHOTO YPOBHSA TEXHOJI0rUU
6bICTPOAEACTBUA U CTEMEeHU WHTerpauuMu. MHTerpauus MeTofoB ¢U3MKO-TEXHOIOIMYECKOro
NpoeKTUPOBaHMUS CY6MMUKPOHHbIX TOHKOC/JIOMHbIX MNPUBOPHBIX CTPYKTYyp o6ecneyuBaer
ynpasjeHne TeXHOJIOrM4yeckMM npoLeccoM. Pe3ynbTaTbl MOAE/NMPOBAHUS TEXHOJIOrMYECKOro
npouecca BMeCTe CO 3HAYEHUSAMU 3NeKTPUYECKUX PEeXMMOB MpeacTaBAsAldT co60i UCXOAHbIe
OaHHble A8 MOAe/MPOBaHUSA NPUBOPHbIX CTPYKTYP, KOTOpble MO3BOJIAKOT paccuuTaTb UX
BaXHelLwune 3n1eKTpopusnyeckme 1 aeKTpuyeckme xapakTepucTuku.

In the technological process of manufacturing microelectronic device structures, especially in
production with submicron minimum dimensions, the relationship between the parameters of
device structures and the technology for their manufacture is strengthened. With a decrease in
the size of the elements of the instrument structures, the determination of the profile parameters
of impurities and their electrical parameters, the establishment of feedback between the
characteristics of the device and its manufacturing technology becomes prevailing. It is shown
that physical and technological modeling allows predicting the characteristics of microelectronic
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device structures and establishing correlations of technological and electrical parameters of
elements, the possibility of their optimal design. Modeling the technology for manufacturing
instrument structures provides simulations of the behavior of integrated electronics elements
under operating conditions and the calculation of their electrical characteristics and parameters,
reduces the design time of devices, and at the same time determines the likelihood of optimizing
technology modes, geometric dimensions, designs of elements of integrated electronics, and
achieving optimal technologies for a given level of technology speed and degree of integration.
The integration of methods of physical and technological design of submicron thin-layer
instrument structures provides process control. The simulation results of the technological
process together with the values of the electrical modes are the initial data for the simulation
of instrument structures, which allow us to calculate their most important electrophysical and

electrical characteristics.

BBEJAEHUE

CyllecTByIOLIHe OrPAHUYCeHU S CXeMHO- U CUCTeMO-
TeXHHYeCKOr0 NPOeKTHUPOBAHUS IIPU CO3AAHUU
3/leMeHTOB UHTerPaJIbHOM 3/IeKTPOHHUKH, KOTOPbIe
CYILLleCTBEHHO BJIIUSIOT Ha OCHOBBI TeXHOJIOTHH, BCe
bonblre ompenensoOTCs MeTalIHU3UPOBAHHBIMHU
MesKCoelMHeHUSIMU [1, 2]. TexHOMOTH4YeCKoe 060py-
Jl0BaHMe, IPUMeHseMoe B TeXHOJIOTHHU HHTeT Pajib-
HOI 3/1eKTPOHMKH, HAXOAUTCS B TeCHOH CBSI3U

C JOCTH>KeHUSMH B TeXHOJIOTHUU MeTaJI/ITM3alHH.
OnHOM U3 XapaKTepHBIX 0COO@HHOCTEeH Pa3sBUTHUS
OOJIBIIKX 37IeMeHTOB HHTEI Pa/IbHOM 3/IeKTPOHUKH,
B YaCTHOCTH JIOTUYeCKUX MAaTPHUYHOI0 THUIIA, CTAJIO
BO3pacTaHUe POJIK MeKCOeJUHEeHU I 3/IeMeHTOB.
KOHCTPYKTHBHO-TeXHOJOTHYeCKasi HHTerpa-
LHS TPH CO3JAaHHH MHKPO3JIeKTPOHHBIX MPHO0P-
HBIX CTPYKTYP. JJIeMeHThl HHTer pa/IbHOU 3JIeKTPO-
HHUKH PACCMATPHUBAIOT KaK COBOKYITHOCTb AKTHBHBIX

INTRODUCTION
The existing limitations of circuit
and system engineering when creat-
ing integrated electronics elements
that significantly affect the founda-
tions of technology are increasingly
determined by metallized intercon-
nects [1, 2]. Technological equipment
used in integrated electronics tech-
nology is closely linked to advances in
metallization technology. One of the
characteristic features of the devel-
opment of large elements of inte-
grated electronics, in particular log-
ical matrix type, was the increasing
role of interconnections of elements.
Structural and technological
integration in the creation of micro-
electronic instrument structures.
Elements of integrated electronics
are considered as a set of active ele-
ments interacting through intercon-
nects (a system of signal conductors).
The active element is the main com-
ponent of integrated electronics. The
relationship between the active ele-
ment - the transistor structure and

the technology of its manufacture
is the essence of developments with
submicron sizes, focused on achiev-
ing ultra-fast performance and the
degree of integration of the element-
technological and structural base.
Modeling of integrated electronics
elements is considered as a means for
identifying the distribution and con-
trol of their output electrical parame-
ters, when due to technological devi-
ations inherent in submicron instru-
ment structures, control of the abso-
lute value of the statistical spread of
parameters determining the speed
and quality of structure performance
comes to the fore [3-5] . When physi-
cotechnological modeling and design
of elements, it is necessary to take
into account a number of aspects due
to:
« physical limitations;
« alternatives to design decisions;
« optimization of the process.
When developing instrument
structures and elements of inte-
grated electronics, it is necessary

to know the physical distribution
of impurities (technological model-
ing), and take into account the influ-
ence of impurity profiles on the elec-
trical characteristics of the device
(physical and technological model-
ing). Modeling of the manufacturing
technology of instrument structures
provides an imitation of the behav-
ior of integrated electronics elements
under operating conditions and cal-
culation of their electrical character-
istics and parameters. It allows you
to reduce the design time of devices,
and at the same time increase the
likelihood of optimizing technol-
ogy modes, geometric dimensions,
designs of elements of integrated
electronics, to achieve optimal per-
formance technologies for this level
and degree of integration.

The measurement of electrical and
electrophysical parameters of struc-
tures is laborious and is character-
ized by a significant error. In this
regard, the use of methods of physi-
cal and technological modeling to
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3/1eMeHTOB, B3aHMOJEeHCTBYIOLUIUX Yepe3 Me>KCo-
equHeHHUS (CUCTeMy CUTHAJIbHBIX IIPOBOJHHUKOB).
AKTHBHBIN 3JIEMEHT SIBJISI€TCS OCHOBHOM COCTABHOU
YaCThIO 37IeMEHTOB HHTEIPAaIbHON 3JIeKTPOHUKH.
CBsi3b MKy aKTUBHBIM 37IeMeHTOM — TPAH3UCTOP-
HOM CTPYKTYPOM M TeXHOJIOTHeH ero U3roTOBJIeHH S ~
SIBJISIETCS CYLIHOCTBIO Pa3paboTok ¢ CyOMUKPOHHBIMHU
pa3sMepaMM, OpUeHTHUPOBAHHBIX Ha JOCTHKeHUe
CBepXOBICTPOEMCTBHUS U CTeIIeHU UHTEeTPALlUHU dJIe-
MEHTHO-TeXHOJIOTMYeCKOH M KOHCTPYKTUBHOM 6a3bl.
MogenupoBaHHUe 3eMeHTOB HHTEIPaJbHOU
3eKTPOHUKU PAaCCMATPUBAIOT KaK CPeACTBO
Jl1s1 BBISIBJIEHU S pacIipefie/ieHUS M KOHTPOJIS UX
BBIXOAHBIX 3J1eKTPHUYECKHX IIapaMeTpoB, Korja
BC/Ie[ICTBHE TEXHOJOTMYECKHUX OTKIOHEeHUH, IIPU-
CYLIUX A1 CYOMUKPOHHBIX IPUOOPHBIX CTPYKTYP,
Ha IepeJHUN MJIaH BRIXOAUT KOHTPOJb abCoNIOT-
HOT'O 3Ha4YeHUs CTaTUCTHUYecKoro paszbpoca mapa-
METPOB, OIIpPefeIsIIOM X ObICTPOLENCTBHE U Kade-
CTBO HCIIOTHEHU S CTPYKTYPHI [3-5]. IIpu dusuko-
TeXHOJIOTUYeCKOM MOAEeIHUPOBAHUU U INPOEKTHU-
POBaHHUU 3IeMeHTOB HeOOXOQMMO YyUHUTHIBATH PSL,
aCIeKTOB, 00YC/IOBIEHHBIX:
o GU3MYeCKUMU OTPaHHUUEHHUSIMU;
* aJbTepPHATHBAMMU IIPOEKTHBIX pelleHHUH;
e ONTHUMM3ALIKeHN TeXHOJIOIU4YeCcKoro mpoliecca.
IIpu pa3paboTke mpUOOPHBIX CTPYKTYP H 371e-
MEHTOB HHTErPaJbHOM 3JIeKTPOHUKHU HeobXo0-
OHMO 3HAaTh GU3HMUeCKoe paclpesesieHUe IIpUMe-
cel (TexHOJIOTH4YeCcKkoe MOJe/lHMPOBaHUE) U YUeCTh
BIHSHUe Ipoduel IpuMecel Ha 3TeKTpUUeckUue
XapaKTePUCTUKHU IIpHbopa (GH3UKO-TeXHOIOrhYecKoe

MoJleTUPOBaHUe). Mofe/TnpoBaHHe TeXHOIOT UK U3ro-
TOBJIeHUSI IPUOOPHBIX CTPYKTYp obecrieurBaeT KMH-
TalLMIO IIOBeJIeHH s 3/IeMeHTOB MHTeTPaJIbHOU 3JIeK-
TPOHHUKH B PabOYUX YCIOBUSIX U PACUeT UX 3MeKTPH-
YeCKHUX XapaKTepPUCTUK U ITapaMeTpoB. OHO 03BO-
NseT CHU3UTb BpeMsI IPOeKTUPOBAHHUS NPUOOPOB,
Y OHOBPEMEHHO YBe/JHUHTb BEPOSITHOCTh OIITUMHU-
3allMH Pe>KMMOB TeXHOJIOTHUH, FeOMeTPUYeCKHX pas-
MepoB, KOHCTPYKIMI 3J1eMeHTOB HHTeIrpPaJbHOU
3JIeKTPOHHUKH, JOCTUrATh OITHMAJbHBIX IJIsI JaH-
HOT'O YPOBHSI TEXHOJIOTUH OBICTPOAENCTBHUS U CTEIIeHH
HHTerpalHu.

M3MepeHHe 3/IeKTPUUECKUX U 371eKTpodPHu3UUe-
CKHX ITapaMeTPOB CTPYKTYP TPYyLOeMKO U XapaKTepH-
3yeTCs 3Ha4MUTeIbHOU MOTPelIHOCTEIO0. B 3TOM CBI3U
HCII0/Ib30BaHHE MeTO/I0B PH3HKO-TeXHOTOTHYeCKOro
MOZENMHUPOBAHUS O/Is1 UAeHTUPUKALUU ITeKTpHye-
CKHUX IT1apaMeTpOB IIPUOOPHBIX CTPYKTYP B YCTAHOB-
JeHUH 0OpaTHOM CBSI3K MeXKAY XapaKTepUCTUKAMU
nprbopa U TeXHOJIOTHek ero U3TOTOBIeHHU S SIB/ISIeTCs
ONTHMAaJIbHBIM.

[IprMeHeHMe MOfIe/IMPOBAHHU S TEXHOJIOTUH U IIPU-
OOPHBIX CTPYKTYp IPHU H3TOTOBJIEHUU 3TeMeHTOB
MHTerpajbHON 3JeKTPOHUKM obecredynBaeT: TOY-
HOCTb, CKOPOCTb, CUCTEMHYI0 HHTeI PUPYeMOCTb 1 Cep-
BHCHBIE BO3MOKHOCTH. TouHOe oIpefie/ieHHe [TapaMe-
TPOB NPOQUIA IPHUMeCeH U 3eKTPUYeCKUX IlapaMme-
TpPOB IIPUOOPHBIX CTPYKTYp IpHobpeTaeT JOMUHH-
pylolllee 3Ha4YeHHe I10 Mepe yMeHbIIeHH s Pa3MepOoB
3/IeMEeHTOB.

[IpruMeHeHHe MeTOLOB PU3UKO-TeXHOJOTHU-
YeCKOro MOJeNIUPOBAHUS AL CYOMUKPOHHBIX

identify the electrical parameters of
instrument structures in establish-
ing feedback between the character-
istics of the device and its manufac-
turing technology is optimal.

The application of modeling tech-
nology and instrument structures in
the manufacture of integrated elec-
tronics provides: accuracy, speed,
system integrability and service
capabilities. The exact determination
of the profile parameters of impu-
rities and the electrical parameters
of instrument structures becomes
dominant as the size of the elements
decreases.

Application of methods of phys-
ical and technological modeling

for submicron elements of inte-
grated electronics - determina-
tion and establishment of physi-
cal limitations and limits, crit-
ical functional characteristics
and parameters for the design
and manufacture of instrument
structures.

Physicotechnological modeling
allows us to study the tolerances
in the technology and identify the
dominant factors that can affect
the manufacturing process of inte-
grated electronics and output. It
is also possible to use technologi-
cal models as effective controllers
of technological equipment and to
conduct real-time modeling using
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computer equipment used in pro-
cess control.

The need for process control
requires the integration of methods
of physical and technological design
of submicron thin-layer instrument
structures. At the system level,
with a high degree of integration,
modeling of technology and instru-
ment structures is necessary.

When modeling technologies,
aspects of manufacturing ele-
ments of integrated electronics
are taken into account. The simu-
lation results of the technological
process together with the values
of electrical modes, electrophysi-
cal constants, etc. represent the
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3JIeMeHTOB MHTErpaJbHOM 3JIeKTPOHUKH — OIlpe-
IeneHHe U YCTaHOB/IeHHe QU3HUUYeCKHUX OTpaHHUYe-
HHUU U IIpe/ie/ioB, KPUTHUECKUX QYHKIIMOHATBHBIX
XapaKTepPUCTHUK U IIapaMeTPOB /I/1sl IPOeKTHPOBa-
HUS U U3TOTOBJIEHUS IIPUOOPHBIX CTPYKTYP.

OU3UKO-TeXHOJOTHYeCKOe MOJeJIHUPOBAHUE
II03BOJISIET UCC/IeIOBATh AOMYCTUMBbIE OTKIOHEHHU S
B TeXHOJIOTHH U BBISIBUTH JOMUHHUPYyoOmKe dak-
TOPBI, KOTOPBle MOTYT BAHSTh Ha IIPOIeCC HU3r0-
TOBJIEHU S 3JIeMeHTOB MHTerpaabHON 3JIeKTPO-
HUKHU U BBIXO/la TOAHBIX. BO3MOXHO TaKsKe UCIIO/b-
30BaHHe TEeXHOJOTHUYeCKHUX MOJeJIel B KauecTBe
3¢ PeKTHUBHBIX KOHTPOJIIEPOB TeXHOJOTUYECKOI 0
060pyIOBaHUS U A/ IPOBeJeHHUS MOLeTHUPOBA-
HHS B pea/IbHOM MacIuTabe BpeMeHH Ha CpPeJCTBaX
BBIUHC/IHUTEIbHON TeXHUKH, UCIIONb3yeMBIX IIPHU
yIIpaBIeHUH TeXHOJTOTHUeCKHUM IIPOLIeCCOM.

Heo6xXx0AMMOCTb yIpaB/lIeHUS TeXHOJOTHYe-
CKHUM IpolueccoM TpebyeT HHTerpallud MeTOMLOB
GH3HUKO-TeXHOIOTHUeCKOr0 IPOeKTUPOBAHHUS Cy6-
MUKPOHHBIX TOHKOCTOMHBIX IPUOOPHEIX CTPYK-
Typ. Ha cicTeMHOM ypoBHe IIpH BBICOKOK CTeIeHH
HHTerpaluy HeobxoJMMO MOJeTHPOBaHHeE TeXHO-
JIOTUH U IPUOOPHBIX CTPYKTYP.

[Ipu MoOJeTHPOBAHUU TEXHOJIOTHMH yYHUTHIBA-
IOTCSI ACIIeKThl M3TOTOBJIEHUS 3JIeMEeHTOB HHTe-
IrpajbHOM 371eKTPOHUKHU. Pe3yabTaThl MOAEIUPO-
BaHMS TeXHOJTOIMUYeCKOIo IIpoljecca BMecTe CO 3Ha-
YeHUSMH 3TeKTPUUYECKHUX PeXXKHUMOB, 31eKTpodHU-
3M4eCKUX KOHCTAHT U T.[. IPeJCTaBIsSIOT cob0M
HCXONHBle NJaHHBIEe [JIS MOIEJIHPOBAHUS MPHU-
OOpPHBIX CTPYKTYpP, KOTOPble PACCUHUTHIBAOT HX

BaskHeMIIHe 371eKTpodHU3ndeckre U 3JeKTpUUe-
CKHe XapaKTepUCTHKH.

TakuM 06pa3omM, MHOTOYpPOBHEBOE MOMAEIHUPO-
BaHMe 3/1eMeHTOB HMHTerpaJbHOM 3/IeKTPOHUKHU
I103BOJIZeT TOYHO IIPOTHO3MPOBATh UX XapaKTe-
PHUCTUKHU. Bce 3T0 obycnaBnuBaeT 3¢ pekTUBHOE
yIIpaB/leHHe U YCTAaHOBJIeHHe KOPPeIsiLiuKi TeXHO-
JIOTHYeCKHX U 3JIeKTPUUYeCKHX [IapaMeTpOB 3Je-
MEeHTOB U NPUOOPOB, BO3MOKHOCTb OINTHMAJIb-
HOTO IPOeKTHUPOBAHHUS 37IeMeHTOB HHTerpaJlbHOU
3JeKTPOHUKH.

B TexHO/IOrM4YeCKOM IIpoliecce M3TOTOBJIEHHUS
3JIeMeHTOB, 0COO@HHO IIPU IIPOU3BOLACTBE C CYyOMU-
KPOHHBIMH MUHHUMAJBHBIMH pa3MepaMHu, yCUIH-
BaeTCsl B3aMMOCBS3b MeX/Ay IIapaMeTpaMU IIpH-
OOpPHBIX CTPYKTYP U T€XHOJOTHEHN UX U3TOTOBIIe-
HHUs. PU3NUKO-TexXHOJOIrH4Yeckoe MOLe/IUPOBaHHeE
B pa3paboTke MepPCIEeKTUBHON 1€ MeHTHO-TEXHO-
JIOTUYeCKOM U KOHCTPYKTHUBHOM 6a3bl CTAHOBUTCS
31000 HeBHOMH.

JIJ1sl yCIIeIIHOM pean3aliuu QHU3NUKO-TeXHOIOTH-
YeCKOTO MOJeJTUPOBAHHUS HEOOXOLUMO HCIIONIb30-
BaHHe COBPeMeHHOMU almapaTyphl, 03BONSAIOIIEN
HM3MepATh Pa3jIM4YHble CTPYKTYPHbBIE U 3JIeKTPOPU-
3MYeCKHe [TapaMeTphl IOy POBOLHHKOBBIX MaTe-
PHaJIOB: BTOPUYHO-HOHHBIE MaCC-CIIEKTPOMETPHI,
CKaHHUPYIIOUHe 3JIeKTPOHHble MUKPOCKOIIBL U T.J,.
B GonbplIeil CTeeHH 3TO OTHOCUTCS K MOJIeIMPOBa-
HHUIO TeXHOJIOTHUECKHX ITPOLIeccoB, Iae 6e3 HamexX-
HOM MEeTPHKH HEBO3MOXXHBI CO3JaHHE HOBBIX
U MOAHMPHUKALKSA NPAaKTUYECKH HCIIONb3yeMBIX
MOJIeJIeH.

initial data for modeling instru-
ment structures, which calculate
their most important electrophysi-
cal and electrical characteristics.

Thus, multi-level modeling of
integrated electronics allows accu-
rate prediction of their characteris-
tics. All this leads to effective con-
trol and correlation of technologi-
cal and electrical parameters of ele-
ments and devices, the possibility
of optimal design of elements of
integrated electronics.

In the technological process of
manufacturing elements, espe-
cially in production with submicron
minimum dimensions, the rela-
tionship between the parameters

of instrument structures and the
technology for their manufacture is
strengthened. Physicotechnological
modeling in the development of a
promising elementary technologi-
cal and structural base is becoming
topical.

For the successful implemen-
tation of physical and technologi-
cal modeling it is necessary to use
modern equipment that allows you
to measure various structural and
electrophysical parameters of semi-
conductor materials: secondary-ion
mass spectrometers, scanning elec-
tron microscopes, etc. To a greater
extent, this relates to the modeling
of technological processes, where

without reliable metrics it is impos-
sible to create new and modify practi-
cally used models.

CONCLUSIONS

In the technological process of man-
ufacturing instrument structures
with submicron sizes, the rela-
tionship between the parameters
of instrument structures and the
technology for their manufacture is
strengthened. Multilevel modeling
of integrated electronics elements
allows us to predict their character-
istics, effective control and correla-
tion of technological and electrical
parameters of elements, the possibil-
ity of their optimal design. [
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3AK/NIIOYEHUE

B TexHOJIOTHUeCKOM IIpollecce U3rOTOBIEHUS IPU-
BOPHBIX CTPYKTYP C CYOMHUKPOHHBIMH Pa3MepaMH
YyCHUIHMBaeTCsl B3aMMOCBSI3b MeX/Y IapaMeTpaMu
OPUOOPHBIX CTPYKTYP U TEXHOJIOTHeHN UX U3TOTOB-
NeHHUs. MHOTOypOBHEeBOe MOJe/JTHPOBaHUE 3Je-
MEHTOB HHTeIrpaJbHOM 3/IeKTPOHUKU I[103BOJISIET
IIPOrHO3UPOBATh UX XapaKTePUCTHUKHU, 3Pdek-
THBHOE yIpaBJeHHe U YCTAaHOBJIeHHe KOppessi-
LM TeXHOJIOIUYeCKUX U 3/IeKTPUYeCKUX ITlapaMe-
TPOB 3JIeMEeHTOB, BO3MOXKHOCTb UX OIITHMa/IbHOTO
IIPOEKTHPOBAHUS.

JINTEPATYPA / REFERENCES

1. Mycragaes M.I., MycradaeBa [.I., Mycra-
daeB TI'.A. PopMHpOBaHHE MHOIOYPOBHEBOH
CHUCTeMBl MeXCOeJUHEHUN U IOBBbIIIeHHe BOC-
MIPOK3BOLHMMOCTH IIpoliecca MNP CO3LaHUU d/1e-

MEHTOB MHTeIPaJIbHOM 3/MeKTpoHUKU // HAHO-
HMHAYCTPHA. 2019. T. 12. Ne 6. C. 38-41.

2. MycradaeBa [.I., Mycradpaes I'.A. Bocmpo-
M3BOJMMOCTh M CTAaOMIBHOCTh TEXHOJIOTHH
U IIapaMeTPOB CTPYKTyp MHKPO3/J1eKTPOHHBIX
npubopos // HAHOUHIAYCTPUL. 2019. T. 12.
Ne 5. C. 56-59.

3. IlerpoB M.H., I'yakoB I'.B. MogeiupoBaHHe
KOMIIOHEHTOB K 3/IeMeHTOB HHTerpajbHbIX
cxem. - M.: JIanp, 2011, 464 c.

4. bybenHukoB A.H. MogenupoBaHue HHTe-
IPaJIbHBIX ~ MHKPOTEXHOJIOTHH, npubopos
¥ cxeM. - M. : Beicmiag mkona. 1989, 320 c.

5. MycradaeB M.I'., MycrtadaeBa O.I'. Mogmenu-
poBaHMe M AJTOPUTMHU3ALH HepPaBHOBECHBIX
IIPOLIeCCOB IIPH CO3JaHHUU MHKPO3JeKTPOHHBIX
npubOpHBIX CTPYKTYP // HaHO- 1 MUKPOCHCTEM-
Has TexHuKa. 2016. T. 18. N2 6. C. 346-356.

HOBASA CTPATErns CO3AAHUA ABYMEPHOIO MArHUTHOIO NOPAAKA

paHuLbl 3epeH 0BbIYHO PAcMO3HAKTCA Kak AByMepHas “¢asa’,
HO MOTYT MpOSIBNSTL HOBbIE CBOWCTBA, HE CBOWCTBEHHbIE 0ObEMHOMY
Kpuctanny. M3MeHeHns HenpepbiBHOCTYA CBS3M aTOMOB Ha rpaHuuax
3epeH MpUBOANUT K PE3KOMY M3MEHEHMIO NOKANbHON XUMUYECKON CPesbl
B HECKOMbKWX 3NeMEHTapHbIX SiYelkax, YTo MPUBOAUT K M3MEHEHMIO
NIOKANILHOW 3N1eKTPUYECKOM aKTUBHOCTH, MAarHUTHOTO NOPSAKA W APYryX
du3nyecknx CBONCTB. BAUSIHNE rPaHNL, 3epeH HA XMMUYeckie CBONCTBA
bonee CyleCcTBEHHO B CIOXKHbLIX OKCMAAX U3-33 CMALHOIO B3aUMOAEN-
CTBWSI PeLIeToK 1 NapamMeTpoB Nopsaka. Takash HEOAHOPOAHOCTb MaTe-
PUANOB C MEX3epeHHLIMU rpaHnLAMI MOXET JOMUHUPOBATL NpK $op-
MMPOBAHUN OTK/IMKA B HAHOPA3MEPHbIX YCTPOMCTBAX, YTO O4EHb BAKHO
npv pa3paboTke HOBbIX GYHKLMOHANbHDIX YCTPOACTB.

B ctatbe, onybnmKkoBaHHOW B UHCTUTYTE GU3MKI eKMHCKOTO YHM-
BepcuTeTa v YHUBepCuTeTa TAHbL3NHS NPeACTaBAeH aTOMHbIA MEXaHN3M
MarHuUTOCONPOTUBAEHNS CMUHOBOIO KNanaHa Ha rpaHuLe acumMmeTpum
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3epeH SrRUO;, Ybsi aCMMMETPUYHAA aTOMHAs CTPYKTypa CUAbHO OT/U-
YaeTCcs 0T OCHOBAHHOO Ha MpoToTMne nepoBckuTa SrTiO;. V3meperns
MepeHoca IeMOHCTPUPYIOT MArHUTOCOMPOTUB/IEHNE CIMHOBOTO KanaHa
LN CO3AAHHON FPAHMLbl CAHTUMETPOBOTO U CYBMUKPOHHOTO MAclTa-
608 (MeHee 15 (310) SrRuO,). C nomolbio CKaHMpyIoLLEA NpOCBeMBa-
foLLien 3NeKTPOHHON MMKPOCKOMWM U CMeKTPOCKOMWUM 3apuUKCMpOBaHO
ee aTOMHOe CTPOeHMe, Ha OCHOBE KOTOPOro MpOBefeHbl pacyeTbl ero
3N1EKTPOHHbIX CBOWCTB 3TUX IPaAHNL.

O6HapyxeHo, YTO M3-3a MCKKEHMA oKTa3gpa Ru-O B6AN3N acum-
METPUYHON rpaHNLbl 3epHa opbuTa Ru d BOCCTAHABAWBAETCS, YTO Npu-
BOANT K YMEHDbLIEHUIO MArHUTHBIX MOMEHTOB W1 U3MEHEHWIO CMMHOBON
MONApU3aLMK BAONb FPAHMLLI 3epHA, 06pasysl MArHUTHbINA (MM Hemar-
HUTHbIA) nepexop. PacyeTbl OCHOBAHbI HA CBA3W aTOMHON CTPYKTYpbI
C TPAHCMOPTHLIMYU CBOMCTBAMM.

"Haww pesynbtatbl MOryT MOMOYbL HaMm MOHSATL MPOLWble TPAHC-
MOPTHbIE CBOMCTBA, Takue Kak OTpULATeNbHOe MarHUTOCONPOTUBEHME
11 OTCYTCTBME TYHHENbHOTO MArHUTOCOMPOTUBEHNS HA TPaHULe 3epeH
SrRUO;, a TaKxKe npe/cKasath HoBble 3OGeKTbl rpaHuLibl 3epen SrRuO;,
Takue KaK MexdasHoe MarHuT031eKTpUYeckoe B3aUMOAENCTBIE, KOTAA
SrRUO; MCNOb3yeTCs B KA4ECTBE HUKHEro 3NeKTpoaa ANS pocTa TOHKMX
CerHeToINeKTPUYECKUX NAEHOK. B bonee WMPOKOM CMbICAE, KOHTPOAL
CTPYKTYpbl AedeKToB B aTOMHOM MacwTabe MOXET peanu3oBbiBaTh
cneunduyeckre Gunyeckne CBOMCTBA, NO3BOASS CTPOUTDL HOBYIO CTpa-
TErnio pa3paboTki YCTPOUCTB C HOBBLIMM HM3KOPA3MEPHLIMI MArHuT-
HbIMM CBOCTBAMM C UCMONb30BAHMEM FPAHNYHON HAHOMHXEHepun', —
oTmeyaeT npodeccop M3H lao.

o mamepuaaam phys.org
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KHura nocesiieHa MccneoBaHuio KOMIUIEKCa HOPMAaTUBHBIX 11PaBOBBIX akToB «[lokynaii
aMepUKaHCKOe» OT MCTOPMYECKOro sakoHa 1933 roga no nocnennmx ykasos [ Ipesunenta CIIA
2019 ropa. ABTOPBI KHUTH 00BACHAIOT 0COOEHHOCTH AMEPUKAHCKOTO IIPOTEKIMOHM3MA, Jie-
MOHCTPHUPYIOT MEXAHU3MbI 3ALIUTHI BHYTPEHHEIO PBIHKA, PACCMATPUBAIOT IIPE/IIOCHIIKHN
TAKMX MPABOBBIX PEIeHMIT, TPUBOAAT KOHKPeTHHBIE (haKThl TPpMMeHEeHNA 3aKOHONATENbCTRA.

[TpakTu4ecKuit ONbIT 3alUThl OTeUYECTBEHHOT'O TOBApa M MPOU3BOMTE/S OYEHDb aKTYaJleH,
TaK Kak B Poccum cerojiis aktusHO GOPMUPYIOTCA IPABOBBIE HOMOMKEHNS 00 OTeYeCTBEHHOM
MPOM3BOJNTENNE M IKOHOMUYECKIE MEPBI €ro MopuepKKu. COOTBETCTBEHHO, N03YHT «[lemaii/
MOKYIail poccuiickoe» npuobperaer He TONBKO CYTy00 NaTpHOTUYECKOe, HO M SKOHOMMYe-
ckoe 0D0CHOBaHME B PYC/Ie COBPEMEHHBIX TEHJIEHIINIT MUPOBOIT 3KOHOMUKMN.

MHOOPMALIMA O HOBUHKAX
www.technosphera.ru

Kak 3aKazaTb HAWW KHWrKW?
Mo novre: 125319, Mockea, ala 91 E-mail: knigi@technosphera.ru

Mo dhakcy: +7 (495) 956-33-46 sales@technosphera.ru




