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PI3UKA HAHOTPAH3UCTOPIB: BAJIICTUYHA HIBUAKICTH BIIOPCKYBAHHA
1 OB’€ITHAHHA BAJTICTUYHOI MOJEJI 3 MOJAEJLTIO BIPTYAJIbHOI'O BUTOKY
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PI3UKA HAHOTPAH3UCTOPIB: BAJIICTUYHA HIBUAKICTH BIIOPCKYBAHHSA
1 OB’€ITHAHHA BAJTICTUYHOI MOJEJI 3 MOJAEJLJIIO BIPTYAJIbHOI'O BUTOKY

FO. O. Kpyansax|, M. B. Cmpixa

AHoTanif. Y moctiii i3 HOBOI cepii METOANYHO-OTISAIOBUX CTAaTel, OPIEHTOBAaHUX Ha
JIOCJTITHUKIB, CTY/ICHTIB, aCMiPaHTIB Ta BUKJIa/1a4iB BUIIO1 IIIKOJIM, PO3IIISTHYTO 3aJICXKHICTh IIBUIKOCTI
€JIEKTPOHIB BiJl HAIIPYTH Ha CTOKY, HAIPYTH Ha 3aTBOPI Ta BiJI IHBEPCHOTO 3apsIy B OATICTUIHUX
MOSFET. V 6amicruuanx MOSFET mBuAKICTE HACHYYETHCS 31 3pOCTaHHIM HANPYTH Ha CTOKY 3a
BIJICYTHOCTI PO3CitOBaHHs €JIEKTPOHIB HE B CTOKOBOMY KiHIII KaHATy TIPOBIHOCTI, SIK Y MAaCUBHUX
TpaH3UCTOPAx, JIe CJISKTPUYHE MOJIC HalOUIbIIIe W PO3CiFOBaHHS HAaWiHTCHCHUBHIIIE, a TaM, JIe

© [10. O. Kpyrusx), M. B. Crpixa, 2020
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3aKIHUY€ThCS BUTIK 1 IOYMHAETHCS KaHAJ MPOBIAHOCTI, TOOTO Ha BEpILIMHI O6ap’epy, 1€ eICKTPUIHE
T10JIe HYJIbOBE.

Mu o6roBopmin (pi3uyHy Mpuposy 6aTiCTUUHOI IBUAKOCTI BIOPCKYBaHHA. CaMe 15 IBUIKICTD
€ BEPXHbOIO MEXer0 MBUAKOCTI BopckyBaHHA B peabHUX MOSFET. Tloka3aHo Takox, sIK OB’ s3aH1
oMk c00010 OaxicTUYHA MOZAEIH 1 MOJIEIIb BipTyaJIbHOT'O BUTOKY.

Kurouosi ciioBa: HaHoenekTpoHika, nonboBuil Tpanzucrop, MOSFET, monens JIJIJI, meTpuka
TPAaH3UCTOPIB, YIPABIIHHS TPAH3UCTOPAMH, BIpTyalIbHUN BUTIK

PHYSICS OF NANOTRANSISTORS: BALLISTIC INJECTION RATE
AND UNIFICATION OF BALLISTIC MODEL WITH THE VIRTUAL SOURCE MODEL

Yu. A. Kruglyak|, M. V. Strikha

Abstract. In the sixth one from the line our new tutorial reviews, directed to serve students,
university teachers and researchers, the dependence of the electron velocity on the drain voltage in
ballistic MOSFETs, as well as its dependence on the gate voltage and on the inversion charge, are
considered. In the ballistic MOSFET the electron velocity is saturated with the increase in the drain
voltage in the absence of electron scattering, not at the drain end of the conduction channel, as in
massive transistors, where the electric field is the largest and the scattering intense, but where the
source ends and the conduction channel begins, i.e, at the top of the barrier where the electric field is
Zero.

The ballistic injection rate is also discussed. It is this speed that is the upper limit of the injection
rate in real MOSFETSs. It is shown how the ballistic model and the virtual source model are interrelated.

Keywords: nanoelectronics, field effect transistor, MOSFET, LDL model, transistor metrics,
transistor control, virtual source

OU3NKA HAHOTPAH3UCTOPOB: BAJNIMCTUYECKASA CKOPOCTD
BIIPBICKUBAHMS 1 OFbEJUHEHUE BAJUIMCTUYECKOM MOJIEJIN
C MOZAEJIBIO BUPTYAJIBHOI'O HCTOKA

FO. O. Kpyenax|, M. B. Cmpuxa

AHHOTanusA. B mecToil U3 HOBOW CepuUM HAIIUX METOJUYECKHX OO30pHBIX CTaTeH,
OPUEHTHUPOBAHHBIX Ha CTYJEHTOB, aCIIUPAHTOB, IIPEIIOIaBATENICH BBICILEH IIKOJIBI U UCCIIEOBATEIEH,
paccMaTpuBaeTcs 3aBUCUMOCTb CKOPOCTH 3JIEKTPOHOB OT HAINpPsDKEHHUS Ha CTOKE B OAJUTMCTHUYECKUX
MOSFET, a Ttakxe ee 3aBUCUMOCTb OT HalpsDKEHHS Ha 3aTBOPE U OT MHBEPCHOHHOTIO 3apsja. B
6ammctnyeckux MOSFET ckopocTh HAChIAETCsl ¢ POCTOM HAIPSKEHUS HAa CTOKE B OTCYTCTBHE
paccesiHus IEKTPOHOB HE B CTOKOBOM KOHIIE KaHaJIa IPOBOAMMOCTH, KAK B MACCUBHBIX TPAH3UCTOPAX,
T7Ie 3JEKTPUUECKOE 10JIe HAauOOoIbIIee U paccessHue UHTEHCUBHOE, a TaM, I7I€ 3aKaHYMBAETCS UCTOK
1 HAYMHAETCs KaHaJl IPOBOJMMOCTH, T. €. Ha BEPILNHE Oapbepa, IAe AEKTPUIECKOE 10JIE HYJIEBOE.

O6c¢cyxmaeTcst GaUTMCTHUECKAsi CKOPOCTh BIPBHICKUBAHMS. IMEHHO 3Ta CKOPOCTb €CTh BEPXHHUI
npenen ckopoctu BupbickuBaHus B peasbHbIX MOSFET. [loka3aHo kak yBsi3aHbI MEXIy COOOM



[10. O. Kpyrnsx|, M. B. Crpixa

OayuIMcTHYeCcKask MOZIEb U MOZETb BUPTYaJIbHOTO UCTOKA.
KuroueBble ci10Ba: HaHO2JIEKTPOHUKA, NosieBoi Tpan3uctop, MOSFET, monens JIZUI, MmeTpuka
TPaH3UCTOPOB, YIIPABICHUE TPAH3UCTOPAMU, BUPTYaJIbHbBIN UCTOK

1. Beryn

OCHOBHHMM MPUCTPOEM Cy4aCHOI €EKTPOHIKH
3QJIMIIAETHCS TOJIBOBUN TPAH3UCTOP MeETa-[i-
€JIEKTPUK-HAMIBIPOBITHUK 3 130JIbOBAaHUM 3aTBO-
pom MOSFET, a ToMy po3ymiHHs 0a30BHX IIPHH-
LUIIIB HOTO POOOTH HAJIGKUTH 10 000B’I3KOBUX
KOMIIETEHIII KO)KHOTO Cy4aCHOTO HAyKOBIIS, BH-
KJIaja4ya 9u iHKeHepa, IPUUETHOTO 110 1i€T cepu.
Teopiro po6oru MOSFET 6yno nobynoBaHo 111e B
60-T1 pOKM MUHYJIOTO CTOMITTA (IuB. Hamp. [1]).
Binroni BoHa 3a3Hala CyTTE€BOTO PO3BUTKY; MIPOTE
B OCHOBHOMY ITiAX1/1 10 MOJICTIFOBAHHSI TPAH3HCTO-
PIB 3aJMIIMUBCS TOW caMuid, 1o i 50 pokiB TOMY.

VY mepuiii 3 HOBOI cepii HAIIUX METOAMYHUX
ONNISIIOBUX cTarel [1] Mu ganu 3arajqbHUM OMUC
tpanzucropa MOSFET, 1110 € 6a30BUM IpUCTpoEM
Cy4acHO1 €JIEKTPOHIKA. MU po3risHyau di3ud-
Hy ctpykrypy MOSFET Ta #ioro BosbT-ammnepHi
XapaKTepUCTUKHU JIBOX TUIIB — BUXIJHI i mepe-
naBalibHi, onucaiu 10 METpUYHUX MOKA3HHUKIB
MOSFET, nocrarHix /Ui aHami3y sSIKOCTI HaHO-
TPaH3UCTOPIB, OOTOBOPUIIN MPUHIIUITN KEPYBaHHS
MOJILOBUMH TPAH3UCTOPAMHU Yepe3 MPUKIaJaHHS
Harpyry Ha 3aTBOp. bylo mokasaHo, 1o 3aBxIu
icHye Oap’ep Ha MEX1 IIOMIK CTOKOM 1 KaHaJIOM
MPOBITHOCTI, IKMI OTPUMaB Ha3BY BipTyaJIbHOTO
CTOKY.

Hamy nactynny crartio [2] Oyiio npucBsdeHo
BHUKJIa70B1 KiacuuHoi Teopii MOSFET. Mu 06-
TOBOPUIIM TUIBKHM HAWCYTTEBIMI 1/1€1 3BUIHOTO
MiIX0NY, SKUH TaKoX OTPUMAaB Ha3BY «3TOPH —
BHU3». 30KpeMa, MU OOMEKUIIHCS MOJICITIOBAHHIM
AiHIWHOT 00nacTi Ta 00MacTi HACUYEHHS BOJIBT-
amnepHux xapakrepuctuk (BAX).

VY nponopxkeHHs BUKJIaLy (i3MUHUX TPUHIIN-
I1iB MOJICTIFOBAHHS HAHOTPAH3UCTOPIB, PO3MOYATO-
ro B [1, 2], y crarti [3] po3misiHyTO (i3UKy ITpO-
1eciB y HamiBnpoBigHukoBomy kaHam MOSFET.
s ¢izuka BU3HAYAETHCSI BATHHOM 30H, 10 3aJ1e-
’KHUTH B1Jl TOBEPXHEBOIO NOTEHIIALY ¥/ , AKHA Yy
CBOIO Yepry BU3HAYA€THCS HAMPYTolO Ha 3aTBOPI
V.. Mu onepxkanu J0CTaTHBO 3arajibHy (hopmy-
Iy, IO MOB’A3y€ V, 3 ¥, TAKOK A LIJIKOM

1HIIOI cTpyKTYypu MOS, CTpYKTYypH 3 BUKIIIOYHO
TOHKOIO KpeMHi€eBOIO minkiaankoro (Extremely
Thin Silicon-On-Insulator/ETSOI), mo xapakrep-
Ha IS TeNEepilHbOi TeHACHIIT MiHlaTIopHu3aIii
TpaH3UCTOPiB. MU NepecBIIUMINCS, 1110 OCHOBHI
ocobmmBocTi ctpykrypu ETSOI moni6Hi 1o Biac-
TUBOCTEH MacuBHOI CcTpyKTypu MOS.

Ha mponosxenHs onisiay Gpi3sMuHUX NPUHLIUTIB
MOJIETIIOBaHHs HaHOTpaH3ucTopiB [1 — 3] y crarti
[4] mu posmsHynu 2D enexkrpocratuky MOS i
3yMOBJIEHI Heto eexTH, a aani chopmymnroBamu
B)KE€ KJIAaCUYHY MOJIeNb BipTyaJbHOTO BUTOKY 0€3
SIBHOTO BPaxyBaHHS MOXJIMBOCTI 0aliCTUYHOTO
TpaHcropTy. MU mokasaiu, 1o BpaxyBaHHS €JIeK-
TPOCTATUKHU TOTIPIIYyE XapaKTEePUCTHUKHU TPaAH-
CIIOPTY €JICKTPOHIB Y TOJIBOBUX TPAH3UCTOPAX,
30UTBITYIOYH ITiIMTOPOTOBHI PO3KHT 1 BUKJIMKAIO-
i epeKT 3HMKEHHS 0ap’epy, 3yMOBJIEHHI CTOKOM
(DIBL), sixuil y cBOIO uepry 301IbLIy€e BUXITHY
MIPOBIAHICTH 1 3MEHIIIY€E TPAaHUYHY HANPYTy B KO-
POTKOKaHAJBHUX TpaH3UCTOpax. Miporo Toro,
K TPAH3UCTOPH POOJISITHCS JIeAali MIHIaTIOpHI-
IIMMHU, OCHOBHHI BUKIIMK, SIKUH MOCTa€ mepes
CXEMOTEXHIKaMU, MOJISIra€ B KOHTPOJI1 Ha/l KOPOT-
KOKaHAIbHUMHU e(ekTamMu. 3a3BUuail sl I[bOTO
MOTpiOHE YUCENIbHE MOJICITIOBAaHHS.

VY crarTi [5] MU po3IIIsIHY/IM y3arajabHEHY MO-
JIeTb eJEKTPOHHOTO TpaHcmopTy Jlanmayepa —
Harra — Jlynnctpoma (JIZIJI) crocoBHO 110 2D
KaHaJiB MPOBIJHOCTI MOJbOBUX TPAH3UCTOPIB
MOSFET. V mi#i cTarTi, TpOIOBKYIOYH BUKJIAT
(GI3WYHUX MPUHITUIIIB MOJICTIOBAHHS HAaHOTPaH-
3UCTOPiB, MU 3aIIPOBAAMMO MOHATTA Ipo Oaic-
TUYHY IIBHUJKICTH BIOPCKYBAaHHS 1 PO3IISIHEMO
11 0COONMMBOCTI, 1110 HAJaJIl T03BOJIUTHL 00’ €THATH
6amictuuny moznens MOSFET 3 monenio BipTy-
aJIbHOTO BUTOKY.

2. bajicTH4Ha WBUAKICTH BHOPCKYBAHHS

Crpym ctoky MOSFET € nobyTtkom 3apsny
Ha MIBHUJIKICTh HOCIiB 3apsily B HaWBUILIA TOYII
6ap’epy:

Ips =W | Q(VGS’VDS)|x:0 |V (Vs> Vs ) |x:0' (1)
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HInsixom nopiBHAHHA (1) 3 Bupa3om ais Oa-
JICTUYHOTO CTpyMY BUTOKY ((hopmymna (69) crarti
[5]) Mu oneprkanu cepeaHIO MBUIKICTh €IIEKTPO-
HiB Ha BepuuHi 6ap’epy (popmyna (77) crarti

[5D):

oo | =S80 ep) 130, (M)
SAUIAY =0 <<vx>>|:l S0W1ep) 1 30(Mgs)

(') = phall — {2]‘_T Sm(ﬂps)_
mm* 3,(1ps)

Bupas (2) onucye 2D eneKTpoHH y KaHai Ipo-
BigHocti mwiockoro MOSFET, matomicts 11 1D
eleKTpoHiB y kaHam nposigHocti NW MOSFET
CcITiJT BUKOpUCTOBYBaTH hopmyiry (75) podotu [5].

CepenH;I IIBUAKICTH Ha BepLInHi Oap’epy
v Vs, S)) , SIKY 1HaKIlle Ha3UBaIOTh LLIBU/I-
KICTIO BnopCKyBaHHﬂ 3a5IeKHUTh SIK BiJl HAIIPYTH
Ha 3aTBOPI, TaK 1 BiJl HAIPYTH HA CTOKY. BaxJmBo
3pO3yMITH IPUYMHY HACUUYEHHS IIIBUJIKOCTI 3a BU-
COKO1 HarpyrH Ha cToKy B Oamictnuaux MOSFET
1 Te, SIK CIiJ OOYMUCITIOBATH TPAHUYHE 3HAYCHHS
i€l MBUAKOCTI. SIK MOKa3yrOTh MOJEIbHI PO3-
paxynku Oamictuaaux MOSFET (nuB. puc. 9 i3
pobotu [5]), omepxkaHi BOIBT-aMIIEPHI XapaKTe-
PUCTUKH CBIAYATh MPO HACHYEHHS MIBUIKOCTI
— CTPYM HAaCHYEHHS 3MIHIOETHCS MPUOIM3HO JTi-
HiliHO 3 Benu4uHOIO Vi, —V, . OgHak 1inKom
3pO3yMiJIO, 10 MPUYHUHOIO TAKOTO HACHYCHHS B
6amictnuaux MOSFET He Moxe OyTH po3cisiH-
HS, 1[0 OOMEXY€ IIBUAKICTh 3HAUCHHAM V,_ , SIK
MH II€ JOKJIaJHO 0OTOBOPIOBAJIM paHimie B [2].
Hapani Mu mepecBigauMocs, 1m0 MBHUAKICTD Y
6anictuayaux MOSFET cnpaBai HacuuyeTbcs,
OJTHAK, Yepe3 MPUYNHH, IIIJIKOM BIJMIHHI BiJ] THX,
SIKI HACHYYIOTh IIBHJIKICTh Y MAaCBHUX HAITIBIIPO-
BiJTHMKAX ITiJ] IO CUIILHOTO €JIEKTPUIHOTO TIOJIS.

}’ )

3anexcnicms weuoKocmi 8i0 Hanpyau Ha cmo-
Ky

CnpoctruMo 3arainbHuid BUpa3 (2), nmepenmon-
IIH 10 HEBUPOKEHOI CTATUCTUKU MakcBesa
— bonemana:

1_ quDS/kT
v FpsD| = Vr T2 7o |’
3)
. +\\ _ . ball _ 2kT
— <<Vx >> = vinj = %

SanesxHicTb (v, (V) o Bin V), rpagiuHo 30-

OpaskeHO Ha PUC. | Pa30M 13 XOIOM 30HHOI eHeprii
IPYU HU3BKUX 1 BUCOKMX 3HAUEHHSIX HANpyrd Ha
cToKy. [Tpy HU3BKUX HaNpyrax MBUIKICTH IPOIIO-
puiiina V¢, a Ipy BUCOKUX HANpyrax IBUIKICTh
HACUYYETHCS JI0 3HAYECHHS V; .

Puc. 1. JliBopy4: 3aj1eKHIiCTh cepeIHbOI IBUAKOCTI

3) (v (Vps))|, =(V(0)) mia V. Mpasopys:

3MiHa 30HHOI eHepru NMPpU HU3BKHUX I BUCOKHUX
3HaYeHHAX V)

3 puc. 1 Moxe 31aTucs, 10 MBHUJIKICTD Y Oatic-
tugHomy MOSFET noBonuth cebe Tak camo, siK
1 B MACMBHOMY TPaH3UCTOPI: CHEPINy 3a HU3bKOI
HAIpyTu Ha CTOKY BOHA IpomopIiiiiHa 1o V,, a
MOTIM 3a BHCOKOI Halpyrd 3a3Ha€ HACHYCHHS.
Haronocimo, ofHak, 1110 #aeTbes npo MIBUIKICTH
Ha caMiciHbKil BepunHi 6ap’epy (v (V)

mBUAKICTh y 6anictuuHoMy MOSFET nacuuy-
€THCS B KaHAJI MMPOBIAHOCTI MOOJIN3Y BUTOKY S, HA
BEpIINHI 0ap’epy, 7€ eIEKTPUUHE 0JIe HYJIbOBE,
a He moOnu3y cToKy D, B 001acTi BIATUHY KaHa-
7y mpoBiAHOCTI [1], 1€ eneKTpudHe mojie qyxKe
BEJIMKE.

[I{o6 3po3yMiTH MPOMOPIIHHICTS MIBUAKOCTI
Hanpysi Vg 3a ii Maaux 3HaueHb, PO3KIATEMO
EKCIIOHEHTH B (3) mpu MaluxX 3HAYCHHSAX IXHIX
MOKA3HUKIB Y PAJI 1 OAEPKUMO:

Vr
= Vo -
=0 2kT/q
[ToMHOXMMO ¥ TOALTMMO OfIepKaHUI BUpa3 Ha
JOBXKHMHY KaHaJTy MPOBIIHOCTI:
VL Vi
0 2T/q L

VY nepuioMy CriBMHOXHUKY Mi3HaeMo OaJic-
TUYHY PYXJIMBICTh 4, (popmyna (54) 3 poboTu
[5]), a ApyTHii CIIIBMHOXHUK - 1€ €JIEKTPUYHE

v, (Vo)) 4

QAN )
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nose B kaHam nposigHocti E =V, /L:

Vo), = ,E.. (6)

Taxum yuHOM, y Oamictuaanx MOSFET npu
MalluX Hampyrax Ha CTOKY IIBHJKICTH 3aIlUCy-
€TBCS TAK CaMo, SIK 1 JIJIs MACUBHUX MPOBITHUKIB
gyepe3 uE , ane TiNbKM 3 3aMIHOIO0 3BHYAMHOI

PYXJMBOCTI 4 Ha OaliCTUUYHY PYXJIUBICTb i .

Hacuuenns weuokocmi 6 OaniicmuyHux
MOSFET

3rizgHo 13 (3), cepeaHs MBUAKICTh HA BEPIIHUHI
Oap’epy HACHUYETHCS NMPU BUCOKUX 3HAUYCHHSX
HaIpyry Ha CTOKY. 3pO3yMiTH, SIK caMe 1ie BiJ-
OyBa€eThCs, JOTIOMOXKE PO3MOLT MIBUAKOCTEH y
IUIOIMHI Xy KaHaJly IPOBIIHOCTI, - TOOTO B IJIO-
IIWHI, 0 W1e BIIMO MiAKIAJAKU B3OBXK KaHAITY
npoBigHOCTI. CIIOYaTKy MPUragaEMo, Ik PO3IOIi-
JICHO UIBHJIKOCTI B HEBUPOIKEHOMY MAaCUBHOMY
HaIlBIIPOBIJIHUKY B CTaHl piBHOBaru. B npomy
BUMaIKy GyHKIist DepMi CriporyeThes 10

1 (Ep—E)IkT
fo(E): 1+ o EER)IAT —er :

(7

Jl1st eeKTPOHIB y 30HI IPOBIIHOCTI 3 mapabo-
JIYHUM CIIEKTPOM

E=E.+m*v/2, (8)

HEBUPOJLKEHA (PYHKITIS PO3MOILTY 3aMUIIETHCS SIK

)

fo(V) _ e(EF—EC)/kT % efm*vz/ZkT ‘

Pyx enexTpoHiB y HaIIOMy BHITaJIKy BiJOyBa-
€THCS B TUTOLIUHI Xy 3

(10)

vi=v+ vi ,
TOXX HEBUPODKEHA (PYHKIIIS PO3MOILTY € BiZOMOIO

¢bynkuiero Makcpemna-bonbimana:

_ (Ep—E:)IkT —m" (v} +v2)/2kT
ﬁ)(vx’vy)_e e xe g .

(1D

Bupa3z (11), mo nae po3noain mBUIKOCTEH Y
HEBUPO/KEHOMY HAIIBIPOBIAHUKY B CTaHI piB-

HOBaru, rpagivyHo 300pakeHo Ha pHc. 2. Sk 1 ciif
OyJ10 O4iKyBaTH, BCi MBHJKOCTI B IOJaTHOMY Ha-
HPSIMKY OCeil CKOMIIEHCOBAHO LIBUIKOCTSIMHU B
MPOTHIICKHOMY HANPSAMKY, TOXK CEpeIHs IIBH]I-
KICTh Y CTaHI pIBHOBaru JOPiBHIOE HYJIEBI.

filv.v,)

A

J—

10°

St T_()_m
o1
Ux[CM/C]

Puc. 2. MakcBeJs1iB po3moaiJi MIBUIAKOCTEN eJiek-
TPOHIB Y HEBUPOI:KEHOMY HANIBIPOBIIHUKY B CTa-
Hi piBHOBaru [6]

MosxHa OuiKyBaTu, [0 B OaJiCTHYHHUX
MOSFET npu BUCOKHX Hampyrax Ha CTOKY, Jla-
JIEKUX BiJ] CTaHy PIBHOBAru, PO3MOALI HIBUIKO-
cTeii OyJie CHIIBHO BiJIPI3HATHUCS BiJl PO3IIOILTY B
crani piBHoBaru. Ha puc. 3 300pakeHo pe3yib-
TaTU YUCEIBHOTO PO3B’SI3aHHS TPAHCIOPTHOTO

piBasAHHS bonbumMana st 10-Tti #v GaticTUYHOTO

MOSFET.
Hanpyra Ha 3aTBOpi Benuka, Tox 6ap’ep mo-

0mu3y BUTOKY HU3bKHI. OOTrOBOPHMO 300pakeHy
Ha pUc.3 MpaBopyd 3MiHY pO3MOILTY HIBUAKOCTEH
Ha BepIMHI O0ap’epy MpH 3MiHI HAMIPYT Ha CTOKY
Big V,, =0 1o V,s=V,,=0.6B.

B 6anictnuanx MOSFET posnonin mBuko-
cTell Ha BeplIMHI 0ap’epy BpaxoBYe€ JIB1 KOMIIO-
HEHTHU — JIOJIaTHI MIBUIKOCTI €JIEKTPOHIB, THXKEK-
TOBAaHUX BHUTOKOM, 1 BiJ’ €MHI IIBHUIKOCTI €JIEK-
TPOHIB, 1HKEKTOBAHUX CTOKOM:

f+(Vx > O, Vy) _ e(EFS—EC(O))/kT % e—m*(vﬁwﬁ)/zkr
(12)

b

- -E, —m" (vE+v2)/2kT
J (v, <0,v)) = Fm FelORT g ()
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E-vs xpa Vi,s=0.5B

02 T -
01 \El}ﬁiﬂbmeﬂﬂﬂ lJPDS E
T o H '
=01 :,';— . E

PR B ey A\ &
-03 ! \y
(B)ag i 3
e
0.6 ! k
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-08 - —
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Puc. 3. PesyabTatu ynceasHoro moaeaoBanasa damictuanoro MOSFET 3 10B:kMHOI0 KaHAJY NMPOBi-
Hocti 10 um. JliBopyu: xin E.(x) oc X 3a BucOKoi Hanpyru Ha 3aTBopi i V= 0.0(0.1)0.68. TpaBopyu:
posnonia (v,,v ) Ha BepmuHi 6ap’epy npu pisHux suavennsix Vo [6]

ne E.g - eIeKTpOXIMIYHUI MOTEHIIIal BUTOKY,
E,=E Fs QVDS - €JICKTPOXIMIYHUHI TOTEHIIA
CTOKY. 31 30LIBIIEHHSIM HANpPYyr'H Ha CTOKY V¢
BenuanHa [ (v,,v)) 3MEHILYETHCS.

Ha puc. 3 npaBopy4 po3moail MBHIKOCTEH
300pa’keHO IMPU YOTUPBHOX PI3HUX HANpyrax Ha
CTOKY — BiJt HynboBOi 10 V= 0.6B. Cuepry

posniIssHeMO cuTyaniro npu Vo =0 (puc. 2). ¥
[IbOMY BUNAAKYy PO3MOIiT NIBUAKOCTEH PiBHO-

BaHuit i (v(0))| ~=0. Ockinbku V3 =0, T0

ctpym HynboBuii i MOSFET nepeOyBae B crani
PIBHOBAru, TOXX NMPUPOJHO OYIKYyBaTH, 10 MaTH-
M€ MiCI[e PIBHOBXHUN PO3IMOALT MIBUIAKOCTEH,
sK Ha puc. 2. OgHak, 3a3BUYail piBHOBara BCTa-
HOBJIIOE€THCSI BHACIIIOK €IeKTPOH-()OHOHHOTO
po3scisHHs, a B kaHaii Oamictuanoro MOSFET
PO3CISIHHS HEMae. 3a TAKMX YMOB MeXaHi3M BCTa-
HOBJICHHs piBHOBary inmmui. Ha Bepiuni 6ap’epy
BC1 €JIEKTPOHU 3 V> 0 1HKEKTOBaHI1 BUTOKOM, JIe
pIBHOBAry maTpUMYE€ CHIIbHA €IEKTPOH-(DOHOHHA
B3aemois. Ha 1iit Taku BepIIiHi BCi €IEKTPOHH 3
v, <0 1HXKEKTOBaHI CTOKOM, PIBHOBAry Ha KOMY
Tak caMoO MIATPUMY€E CHIIbHA €eKTPOH-(POHO-
HHa B3aemozia. Ockuibku npu V. =0 enekrpo-
XIMI9HI TTOTEHI1JIM BUTOKY Ta CTOKY OJIHAKOBI
(E., =E,), TO nogaTHa Ta BiJi’€MHa KOMIIOHEH-

TH MTOTOKIB €JIEKTPOHIB Ha BEPIIUHI 6ap’epy OfHA-
KOBI, PE3yJIETATOM YOTO € PIBHOBKHUI MakcBel-
JiB PO3MOJIN MIBHAKOCTEH €JIEKTPOHIB y TOUIIL,
sIKa BIIMOBIa€ BepIIHHI 0ap’epy (puc. 2).

PosmisapMO 1asi HeBeEIWKe HiABUINEHHS Ha-
npyru Ha ctoky o V.= 0.05B (puc. 3, npago-
py4). Y 1IbOMY BHUIIQJKy BEIMYMHA KOMIIOHEHTH 3
B1JI’€MHUMH MBHAKOCTIMH Y (12) MeHIa, a Be-
JUYMHA KOMIIOHEHTH 3 IOJJATHUMU IIBUIKOCTIMU
JMIIAETHCS HE3MIHHA, TOMY CyMapHa MIBHJIKICTh
y HanpsiMKy v, >0 nomatHa. Mu paHime Bxe
Oaumiiy, 110 3a TAKUX Manux V,; cepenHs MBUI-
KICTh BIOPCKYBaHHS 3pOCTAE JIIHIIHO 3 HAPYTOIO
Ha croui. [Ipu V. = 0.1B Bix’eMHa KOMIIOHEHTA
HIBUIKOCTI II[e MEHIIIA, TOK CyMapHa MIBUIKICTh y
HanpsiMKy v, > 0 pobutscs e Ounbiua. Haperri,
npu V. = 0.6B Bia’eMHa KOMIOHEHTA IIBHIKO-
CTI CTa€e Maii’ke HyJIbOBa, 00 eIeKTPOXIMIUYHUMN
MOTEHI[Ia] HA CTOKY 3HIKYEThCS HACTUIBKH, 1110
HWMOBIpPHICTb 3aCeICHHS BEpIIMHU Oap’epy eeK-
TPOHAMH, 1H)KEKTOBAaHUMHU 31 CTOKY, pOOUTbCS He-
XTOBHO MaJior0. HaroMicTh 1oaTHa KOMITOHEHTa
IIBUAKOCTEH €JIEKTPOHIB y HapsMKy v, >0 10-
csirae MakCUMaJIbHO MOXJIMBOTO 3Ha4eHHs. [lo-
JanbIie 301IbIIEHHS] HAPYTH Ha CTOKY HE 30111b-
IIATH JOAATHOT KOMITIOHEHTH: IIBUAKICTB JOCSTIIA
HACHYCHHSI.
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I'padiuni pesynsraru Ha puc. 3 1eMOHCTPYIOTh
MOBEAIHKY LIBUJIKOCTI Ha BEpIIMHI 0ap’epy, 1110
BiIMOBiIae Bupa3zy (3), aje € ogHa JAeTalb, sKa
3aCIyroBy€ OOTOBOPEHHS. YBaXHUN O3S J0-
JATHOI MOJIOBUHKHA MAKCBEJUTIBCHKOTO PO3TIOALTY
npu V= 0.6B BUsBIISE, 1110 BOHA OUIBIIIA 1 BUIIIA
BiJl aHAJIOT1YHOI PIBHOBAXHOI J10aTHOI MOJIO-
BUHKH 1pu V), = 0. Lliikom ogeBuano (puc. 3),
1110 MOJIOBUHKA MAKCBEJIJIIBCHKOTO PO3MO/LTY, SKa
BiAnoBinae v, >0, 30L1bLIyeTHCS 31 3pOCTaHHIM
Vs » X04a eJIEKTPOXIMIYHUI NOTEHI1a]l BUTOKY
E, He 3MiHuBcs. [IpuunHy MOXKHA 3p0O3yMiTH 3
TiBOI YaCTUHU pUC. 3: 30UIbLIEHHS V¢ 3HUXKYE
BepmnHy 6ap’epy E.(0). Jlo Takoro pesynbra-
Ty IMIPUBOJUTH €IEKTPOCTATUKA Y BUCOKOSIKICHUX
MOS. V Takux TpaH3UCTOpax €JIEKTPOHHUH 3a-
psia Ha BeplIMHI Oap’epy Mae 3ajiekaru BiJ] Ha-
MPYTH Ha 3aTBOPI ¥ CYTTEBO HE 3MIHIOBATHUCH 31
301JIBIIEHHSM HANpYyTH Ha CTOKY (Manuii eekt
3HMKEHHS 0ap’epy, 3yMOBIIEHUN cTOKoM, DIBL).
Mipotro Toro, sIK BiJi’éMHAa KOMIIOHEHTA IIIBUIKOCTI
CJIEKTPOHIB 3MEHIIYETHCS 31 301AbIIEHHAM V),
Jie1ani OUIbIe eJIEKTPOHIB 3 JJOJATHOIO IIBUIKIC-
TIO TIOTPIOHO 1HXKEKTYBATH 3 BUTOKY, 11100 30a1aH-
CyBaTH eJIEKTPOHHUM 3apsi. OCKIIbKH eNeKTPOXi-
MIYHHM [TOTEHI1a] BUTOKY HE 3MIHIOEThCSI, BUPA3
(12) cBimuntsh, mo E.(0) nmoBUHHE 3MEHIIUTUCS
JUTSL TOTO, 1100 30UTBIINTH EIEKTPOHHUN 3apsia 3a
pPaxyHOK BHTOKY.

Hapemiri, Big3zHauMO, 1110 pe3ynbTyIOUnil Ipo-
¢G11b po3MOALTY HIBUIKOCTEH €NEeKTPOHIB MPHU
Vys >0 (puc. 3) cyTTeBO PI3HUTHCS BiJ PIBHO-
BaXXHOTO Mpo(disIt0, MPOTE KOXKHA 3 MOJIOBUHOK
PO3MOIITY HIBUIAKOCTEH Haraaye piBHOBaKHHM
npodink. TiIbKH PO3CITHHS MOTIIO O TTOBEPHYTH
pe3yNbTyroUni Mpodiab 10 pIBHOBaXHOTO BHU-
sy, ane B 6amictuunux MOSFET po3scisHas
Hemae. banmicTuyHMii KaHal MPOBITHOCTI B LILIIOMY
IyXe JajeKuil BiJl piBHOBAru, aje KOXKHa 3 IO-
JOBUHOK PO3MOJITYy HIBUAKOCTEH mepedyBae B
PIBHOBA31 3 OJTHUM 13 JIBOX KOHTAKTIB.

banicmuuna weuoxicms énopckysammsi

BanmicTuyHa MBUAKICTH BINOPCKYBaHHS
ball
Vi ={(v})) € BaXIMBHM HapaMeTPOM HAaHO-
TPaH3UCTOPA; BOHA BiAirpae poib v, y Tpaau-
IWHIA MOEsl HaCHYEeHHS [IBUAKOCTI. SIK MU 110-

KJIaJHO po3risiaanyu Buine, ((v.)) - Le CepeaHs

10

MIBUJIKICTh €JIEKTPOHIB, BHOPCHYTHUX BUTOKOM Y
HanpsAMKy v, >0 MakcBeIBCBKOIO (4u (epmi-
JIIpaKiBCHKOTO) PO3IMOALTY IMIBUIKOCTEH y TOUIT
BEpIIMHU Oap’€epy 3a BUCOKOI HAIIPYTH Ha CTO-
Ky. Lle - ycepeanena 3a KyraMu HIBUAKICT y Ha-
npsAMKy v, >0 npu BuzHadeHil eHeprii £, HOTiM
ycepeaHeHa mie 3a eHepriero (2). OTpuMana BoHa
HETPSMUM [UIIXOM 3 BUPa3y Il CTPYMY, 3alTH-
CaHOro yepe3 A00yTOK 3apsay Ha MIBHAKICTH, a
IOPSIMUM IIIJISIXOM 11 OTPUMAHO paHilie K BUpa3
(27) 13 pobotu [5]. I'padik 3anexxnocTi 6amicTuy-
HOI HIBUAKOCTI BIIOPCKYBAHHSI BiJl IOBEPXHEBOT
KOHIICHTpAIIil eJIEKTPOHIB Y KPEMHIi HaBeIE€HO
Ha puc. 4.

2
v-107,
cM/c
1.8
hall _ 2k T Fin(ny)
16 N am” Fo(n,)
1.4
_—_________,—/
1.2
1 PP T - pap——
10" 10" 10" 10"

[MoBepxXHEBa KOHLCHTPALLIS CICKTPOHIB
B eMiciifHoMy 1api, eM™

Puc. 4. bajgicTH4Ha MBUAKICTH BIOPCKYBaHHS
v;;’.” y 3aJ1€KHOCTI Bii MOBepXHeBOI KOHIeHTpamii
2D eaextponiB nmpu 7' =300 K'y DG SOI MOSFET.
BrakaJjiocsi, 10 3alHATA TUIBKH HUAKHS Mi30Ha
nposigHocti, ge epexTuBHa Maca m*=0.19m, i

JI0JIMHHE BUPOL:KeHHst g =2 [7]

ITpu BHCOKI Harpy3i Ha CTOKY KOHLIEHTpaIlis
€JIEKTPOHIB B 1HBEPCIMHOMY IIIapi Ha BEPIIUHI
0ap’epy, srigHo 3 Bupaszom (40) pobotu [5], no-
PIBHIOE:

n =
szo

N, ~ m*kT
20 ‘SO(UF)=gv2ﬂ_7

So(77,) - (13)

Jlns meBHOTO 3HAYEHHS KOHIEHTpaIii
po3B’sbkeMo piBHAHHSA (13) 110710 3HaueHHs 0e3-
PO3MIPHOTO MapaMeTpy 7., sIKe Jajl BUKOPHUC-
TaeEMO JUISI OOYUCIICHHS v;j” 3rigHo 3 (2). Ilpu
T =300 K 2D rycruna craniB s Si (100) mae
3HAYEHHS
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N,,=2.05x 102 cm 2, (14)

Skmo ng < N, , HOCIi CTPyMy B HaIiBIPOBiA-
HHUKY HEBUPOJKEHI, a Ko ng > N,, , I HUX
CJIiJT 3aCTOCOBYBaTH cTaructuky depmi — Jlipaka.

SIx BuaHO 3 puc. 4, npu ng << 10> cm 2 Hocil
CTPyMy B HaIliBIIPOBIIHUKY HEBUPOJDKEHI: 1HTE-
rpamu @epmi — Jlipaka B (2) 3BOIATHCS 10 €KC-
MTOHEHT, TOX

. . [2kT
i =l > v, = L* =12 % 10" emve.
’ wm

(15)

[Ipu n, > 10" cm > HaMiBIPOBITHUK POOUTHCS
BUPOJDKEHUM 1 vf,’Z,” 3pocTtae. Tak Bi1OyBa€eThCs
TOMY, 0 CTaHU MOOJU3Yy JHA 30HU MPOBIIHOCTI
3aiHsATI, eHepris piBHA Depmi 3pocTae it cTpym
3YMOBJICHUU CTaHAMH, SIKUM BiANOBijae Oi1b-
114 MBUAKICTE. 301IbIIIEHHS IBUIKOCTI 1HXKEKIT
(puc. 4) mosicHIO€E, YOMY BUXIJIHI XapaKTEepHC-
tuku OamictuyHux MOSFET Ha puc. 9 pobotu
[5] neMOHCTpPYIOTh OUIBINI CTPYMH ISl BUITAIKY
cratuctuku ®epmu — Jlipaka. 3aneXHICTh MIBU/T-
KOCT1 BIIOPCKYBaHHS BiJl HAllpyT'u Ha 3aTBOPI
cnabka, ToMmy oOuaBi cratuctuku (MakcBesna
— bonpnmana 1 @epmi — Jlipaka) Ha puc. 9 po-
60TH [5] 1EMOHCTPYIOTh HACHUEHHS CTPYMY, 1110
3pocrae Maiike JIiHiIHHO 3 V. TakuM 4uHOM, B
000X BHUIAJKaX MM MOKEMO 3pOOUTH BUCHOBOK
po te, mo uaerbes npo MOSFET 3 HacuueH-
HSIM IIBUAKOCTI. SIK MU TIepecBiTaUMOCSI TTi3HIIIe,
PO3CIsSIHHS B peallbHUX TPAH3UCTOpPAX 3MCHIINYE
IIBUJIKICTh 1HXKEKIIii, TOMY OaTicTUYHA IIBUIKICTh
BIIOPCKYBaHHs € BepxHbot0 Mesxeto it MOSFET.

3HaliemMo OaliCTUYHY MIBHJKICTh BIIOPCKY-
BaHHS B BUIMAJKY CHIBHOTO BUPOkeHHs. [Ipu
T=0K f(E)=1 s E<E, 1 f,(E)=0 npu
E > E, . 3rigHo 3 BupazoM (25) pobotu [5]) ma-
€MO:

_ *
5 J2E-E.)/m O(E)dE_ > UM

Ec _Z .
n DEN

vl = (1)) =

j:ﬁ(E)dE

I[J'Iﬂ YHCEeILHUKA 1 3HAMEHHUKA 3aITUIIEMO:

Ep
NUM = /ij E-E.dE = i[E(EF—EC)”), DEN =E, -E_,
m*J, m*\ 3 ]

TOX OCTAaTO4YHO

batl o 4 /2 12
Vinj —<<Vx>>—§ ﬁ(EF_Ec) .

Oneprxanuii pe3ysibTar 3py4YHO 3aIucaTy 4epes
(bepMiBCBbKY MIBUIKICTH 32 CITIBBITHOIICHHIM

1
Em*vfF =E.-E_.,

3BiIKM (hepMiBChKA MIBUAKICTh

V.= 2(EF_EC)
F_\/ m* :

Tox ocTaroyHo OajicTUYHA MIBUAKICTH BIOP-
CKyBaHHS 4yepe3 (epMiBChbKY HMIBUIKICTH 3alu-
HIeThCs SIK:

(16)

v;j.” =%VF. (17)

Sk MoxkHa OyI10 O4iKyBaTH, OaliCTUYHA IIBU/I-
KICTh BOOPCKYBAaHHSI MEHINIA BiJ (pepMiBCHKOT
MIBUJIKOCTI, 00 BOHA € HACIJKOM YCEpEeIHCHHS
3a BciMa IIBUJIKOCTSIMHU €JIEKTPOHIB Mif pIBHEM
Depmi.

Ha 3aBepuienns omiHuMo OanicTHYHY IIBU/I-
KicTh BropckyBaHHs peanbHoro MOSFET. Bi-
3pMeMo 17-Si MOSFET npu 7'=300 K B ctaHi /),
3 KOHIIEHTPAIlI€l0 HOCIiB B 1HBEpCIHHOMY Iapi
n,=1x10"cm . Hexaii B Si (100) 3aiinsTa Tisb-
KW HIDKHS M17[30Ha TPOBiIHOCTI. SIka OamicTuaHa
HIBUJKICTh BIOPCKYBaHHA?

SIKI10 HamiBOPOBIIHUK HEBUPOKEHHH (110
MaJIOMOBIPHO 32 TaKOTO BEIUKOTO 3HAUYCHHS
ng ), MM OJEP>KMMO B)K€ BIJIOMHUI pe3ynbTaT
(15). B Hamomy BHUNaJKy KOPEeKTHUH BHpa3 A
0aiCTUYHOT MIBUAKOCTI BIIOPCKYBAaHHS JTAETHCS
dopmynoro (2). OnHak, He0OX1AHO 3HATH 77, , IKE
MokHa ozepxart 3 (13), 3Biaku

7y =log(e" ™ ~1)=9.76.

[TigcraBmnstoun oxeprkane 3Ha4eHHs B (2), 3Ha-
XOJIUMO

yhal :,{%—Tmﬂ.zxw «S12070) 450107« B2 0 4107 ewk,
n m* 3o(1xs) 3,(9.76) 9.8

11
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110 BIIBIY1 IEPEBHUIITYE PE3YIIBTAT JIJIsl HEBUPOJIKE-
HOI CTaTHCTHUKHU.

Sk moka3yroTh I1i OIIHKH ¥ puC. 4, mepexin
710 BUPOJIKEHOI CTATUCTHKU EJIEKTPOHIB CyTTEBO
MABUILY€E OATICTUYHY IIBUIKICTH BIIOPCKYBAHHS.
s TunoBux Si MOSFET, onnak, peanbHi Oa-
JTICTUYHI IBUKOCTI BIIOPCKYBAHHS MEHIIII Yepe3
T€, 0 MOKYTh OyTH 3aCelIeH] IeKIJIbKa MiA30H
MIPOBITHOCTI ¥ IEIKUM 3 HUX MOXKYTh BI/IITOBIAaTH
O1b1I1 3HAYeHHS e(DEKTHBHUX Mac, a TAKOXK Yepe3
KBAHTOBI OOMEKEHHS, SIK1 30UIbLIYIOTh €(PEKTUBHI
MacH depe3 HenapaboniyHICTh BUCOKHUX ITiA30H
npoBigHOCTI. OTXe, AKIIO NOTPiOHI BHCOKOTOUHI
KUTBKICHI pe3yJbTaTH, CIIiJI 3BEPHYTH yBary Ha
30HHY CTPYKTYpY.

[Ipu oniHrOBaHHI 0aliCTUYHOI MIBUIKOCTI
BrniopckyBaHHs B Si (100) epekTuBHY Macy Mu
BBakanu piBHoo 0.19 m,,, a nonuHe BUPOIKEH-
Hsl Opanu piBHUM g, =2. Y 30HI IPOBIIHOCTI
KPEMHIIO € IIICTh €KBIBAJIEHTHHUX JIOJIUH, a iXHI
eirncoiaabHl MOBEPXHI CTaN0i eHeprii omu-
cyroThes edekTUBHUMU Macamu m, =0.91m, i
m, =0.19m,. KBaHTOBi 06MeXeHHS 3HIMAKOTh
BUPOKEHHS. /Bl HUXKHI IMiI30HU BUPOJKEHI 3
g,=2 1 m =0.19m,. [Ipu ouinroBauni Gaic-
TUYHOI IIBUJIKOCTI BIIOPCKYBAHHS MU MPUITYC-
KaJM, 1110 3acefieHa TIIbKU HUXKHS HEHITPUXO-
BaHa ITiI30Ha Ha pyc. 16 31 crarti [3], ms Kol
e(eKTHBHA Maca m = m, B HANPAMKY JIOKaJi3a-
1ii, a eexTBHA Maca B IUIOUIMHI Xy JOPIBHIOE
m’ =m, . SIKIIO 3aceNeHi BULL MiI30HH, OTPiOHO
BpaxyBaTH BIAMOBIIHI €EKTHUBHI MacH B3JIOBXK
oceil x ta y. CyMapHa moBepXHEBa KOHIICH-
TpaLlisl eJIEKTPOHIB BPaXOBY€E BKJIAIM BiJl YCiX 3a-
CeJIEHUX MIA30H 1 OaiCTUYHA MBHUAKICTh BIOP-
CKyBaHHsI — IIe IIBHJIKICTh, YCEpeIHEeHa 3a BciMa
3aCeNIeHUMHU TT1130HAMHU.

3. O0’cananns 0ajicTUYHOI MOIeJIi 3 MoaeJI-
JII0 BipTyaJIbHOTO BUTOKY

Hamra meta — 06’etHaTi 6anicTHYHY MOJETh
MOSFET (69) po6otu [5] Ta Mmoaenb BipTyalb-
HOTro BUTOKY (36) pobotu [2].

[TouHiMO SIK 3aBXK]IU 3 3arajIbHOTO BUpa3y JUis
CTpYMYy B BUIJISII JOOYTKY €IEKTPOHHOTO 3apsiLy
Ha IIBUJIKICTh €JIEKTPOHIB:

Lps =W [QWgs:Vos)| 1% s Vis)| - (18)

12

J1g oGuucneHHs 3apsily BUKOPUCTAEMO HarliB-
eMIipuaHuil Bupa3 (46) podortu [4]:

inv kT ws—Vp)im
Q( GS» S):—mCG (7jln(1+eq(V 3% kT)’

V.

(19)
VT = Vro -

Jauii ¢ BU3SHAYUTHUCS 3 00paXyHKOM Ceper-
HBOT MIBHIAKOCTI Ha BEpIIMHI Oap’epy, Ky 00-
YHUCIIOIOTH M0-Pi3HOMY B OalliCTHUHIN Mojieni 1 B
MOJIeJ BipTyajabHOIO BUTOKY.

Pestome 6anicmuunoi mooeni

Crpym y il Mmomei Bu3Havdae Bupas (18). 3a-
psin, oOyMOBIICHHH enekTpocTaTukoro MOS, Bu-
3Havae Bupa3 (19). [Ins obumcnenHs MBHAKOCTI
CJIIJI CTIepITy BU3HAYHMTHU PO3TAITyBAaHHS PIBHS
®epmi ang BUNAAKy CTaTUCTUKU MakcBeiia —
boneivana. Exepris piBas @epmi BU3HAYA€THCS
3 BUpasy IS IHBEpCHOTO 3apsiay (68) podotu [5]:

N, - ~
OVs:Vps) =—4 22D [S0(7es) +30(7:0)1 , (20)
ne
ps = (Epg = EC(O) /KT, 175 =155 —qVps /KT (21)

Jani Bu3HayaeMo OalliCTUYHY IIBUIKICTH
BIIOPCKYBaHHS (2)

A (77FS)
am* 3,(Mgs)

2kT 3
phall k

inj

(22)

a TMOTIM CEePEeJTHIO MIBUAKICTh MPHU 3aJ]aHUX 3Ha-
YEHHSIX HAIpyT Ha CTOKY i Ha 3aTBopi (3a popmy-
noto (77) pobotu [5]):

ar| 1—3 /3
v, (Vs> Vps ) W= vil;j”{ dl () ~1/2(77Fs)} .(23)
! 1+ 30(1p) / S30(775)

OcTaToyHo 0JeP)KYEMO CTPYM CTOKY B IOTPiO-
Hiit Touni (V,V,y) BUXIIHOI XapaKTEpPUCTUKH 3
(18). Ha mpakTu1i BaXJaMBO BpaxyBaTH TepMi-
HabHI onopu. Came 3a TAKUM aJITOPUTMOM OyIi0
PO3paxoBaHO XapaKTEPUCTUKKA Ha puc. 9 pobotn

[5].



Sensor Electronics and Microsystem Technologies 2020 —T. 17, Ne 1

Peztome mooeni eipmyanvnozo 6umoxy.

OO6uuciieHHs CTPyMIB y LI MOJeNi Tak caMo
nmouynHaeThes 3 BupasiB (18) ta (19), ane motim
HIBUJIKICTb PO3PAaXOBYIOTh 1HAKIIE, Yepe3 PyHK-
L[i10 HACUYEHHS CTPyMy CTOKY [, 3TiZHO 3 BU-
pasom (33) pobotu [2], a came:

<vx(p2S’pLS)>x:0::}1MT(pLS)vmt’ 4

V..V
Foir(Vis) = bs D&“ﬁﬂ 75 (25)
1+ Vsl psir)” ]
e
V.. L
Vosar =—2— - (26)

OTxe, CTpyM CTOKY B MOJI€JIi BipTyallbHOTO
BUTOKY B IIOTP10H1H Touli (V,V)s) BUXIIHOI Xa-
PaKTEPUCTHKHU OOUHCITIOETHCS 3a Gopmyroro (18),
3 BUKOPUCTAHHAM BUpasy s 3apsay (19), 1 ans
mBUAKOCTI (24) — (26). 1lle noTpibHO BpaxyBaTu
TEepMiHaJIbHI OTIOPH.

Mogens BipTyaabHOTO BUTOKY - 1€ HAITIBEMITi-
pUYHA MOJIEINb, SIKa JO3BOJISIE TAPaHTOBAHO BITH-
caTucs B eKCIIEpUMEHTasIbHI JaHi. BukopucToBy-
10U IIF0 MOJIeJIb, MU Kpallle BiuyBaeMo (hi3HKy
nporeciB y MOSFET, 60 napameTpu 1iei Mmomerni
CY V,,m,u,v,,,L MalOTh iJIKOM KOHKPETHHIT
¢i3uunmit 3mict. 1o x 1o mapamerpy S B (25),
TO BI1H 3MIHIOETHCA B AYXE BY3bKHUX MEXKax JUIs
MIEBHOTO Kjacy TpaH3uctopis. 100 Bnucarucs B
EKCIIEPUMEHTAJIbHI XapaKTePUCTHKU HAHOTPAH-
3UCTOPIB, TaKl MapaMeTpH JJis MIKPOTPaH3UCTO-
piB, IK 4 1 v _,, MOTPIOHO aJaNTyBaTH TaK:

sat
lLl - ll’lapp’

Vi Vi

inj >

27)

[0 MU OOTOBOPUMO Jaii i MepeKOHAEMOCS, 1110
(opmaibHa pyXJIHMBICTh £, 1 LIBHKICTB BIOP-
CKYBaHHS v, TEK MalOTh LIJIKOM KOHKPETHHH
(b13UYHMIN 3MICT.

06 ’eonana mooens

Ha puc. 5 300pa>keHO pe3ynbTaTu po3paxyHKy
xapakrepuctuk Oanictuanux MOSFET y npu-
NyIIeHl cTaTUCTUKU MakcBeita — bonbsimana.
[Tapamerpu MOSFET B3sT0 3 [8], BKiItOUaroun

TepMiHaJIbHI onopu. Mojens BipTyaJlbHOTO BH-
TOKy OyJia BIHMcaHa B 11 pO3paxyHKOBI XapakTe-
puctuku MOSFET.

1200

1000

IDSv
uA/um800

600

400

200

0 0.2

0.4 0.6 0.8 1
Vs, B
Puc. 5. CyniabHumu Jdi”isimu 300pakeHo 0aJiic-
TuuHi xapaktepuctuku MOSFET 3rinno 3 Bupa-
30M (78) pobortu [S]. Peanbui napamerpu ETSOI
MOSFET, BKiI104a1044 TepMiHAJIBHI ONIOPH
R, =Ry, + R, =260Q - m, B3570 3 [8]. M1 BBaka-
ad, wo /.. = 100 nA /um, mo nae 3Ha4eHHst
V,.=0.44 B. Hanpyra na 3arsopi V.= 0.5(0.1)1.0 B.
PesysnbTaTn mMojei BipTyajabHOro BUTOKY (KoJ1a)
BIIMCAHO B PO3PaxyHKOBI 0aJlicTHYHI XapakTepuc-

THKH [9]

[IpunacyBaHHs mapamMeTpiB MoJeJNi BipTy-
aJTBLHOTO BUTOKY VS 10 pO3paxyHKOBHX Xapak-
TCPUCTHUK /A€ 3HAYCHHA U = 654 cm?’/B-c i
v, = 1.24 x 107 cm/c. TlapameTp mpunacyBaH-
HA B (25) f BusiBuUBCS piBHUM 2.9; XxapakTepHi
Horo 3Ha4eHHs JexaTb y Mexax 1.6 — 2.0 qns
peansaux MOSFET, siki mpamroi0Th HUXKYE Bij
OanictuuHoro nopory. [lapamerp £ He mae 4itT-
KOro (pi3MUHOTO 3MICTY, BiH € IPOCTO apaMeTPOM
npunacyBaHHs B QyHKIIII HACHYEHHS CTPYMY CTO-
Ky Fj,; 3rinHO 3 (25) 3 METO0 OmMcaTh nepexiz
B1JI JTiHIMHOT 00J1aCcTi BUXIAHOI XapaKTePUCTUKH
1o ii obnacti HacuyeHHsa. HatomicTe nmapamerpu
4, TA V,,; MAFOTh LIIKOM SICHHH (Qi3UTHHIT 3MICT.
[Ilo6 y uboMy nepecBiAYUTHUCA, TOTPIOHO MO-
JIeIb BipTyaJbHOTO BUTOKY CITIBBIIHECTH 3 TpaH-
cnoptHoto Mozesuto JI/IJI. Ciouarky nopiBHsEMO
CTPYMH B JiHIIHIN YacTUHI 000X MOJENeH, TOTIM
nepenieMo 10 00iacTi HACHYCHHS 1, HAPEIITi,
OJIEP KUMO IIUTICHI XapaKTEPUCTHKHU.

13
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JMinitina obracme: 6anicmuuna mooens i Mo-
oenb BIPMyaIbHO20 BUNOKY

JliniiiHa o0nacTh cTpyMy B OanicTHUHIN MOjie-
11 BU3HAUA€ThCs BUpazoM (61) podotu [5]:

. 2¢° [ @ N27am*kT |
IgLZIlN:|:W Z_(—gv 2ﬂm j\s_l/Z(nF):|VDS’ (28)
7h
EFS_EC(O)
R 29
r T (29)

ne E.(0) — qHO 30HM MPOBIIHOCTI HA BEPILUHI

Oap’epy.
J171s1 HeBETTMKUX HANpPYT Ha CTOKY

Foir = Vs Vpsar
v, (Vos5Vps) o MV ps /L.

3 (18) niniiiHMIA cTpyM B Mozenm VS

Tpuy = % [OWss) | 1V s (30)
110 301ra€eTbes 3 pe3yinbTaToM, SIKUH BUILIMBAE 3
tpanuniinoi Teopii MOSFET. I1]o6 npuBectu B
BIIMOBITHICTH CTPYM Y MOJIEJII BIpTyaJIbHOTO BH-
Toky VS (30) 31 ctpymoM y OanicTu4Hii Mozeni
(28), moTpiOHO 3aMiCTh TPAAUIIIIHOI PYXITHBOCTI
4 BBECTH B (28) hopMabHy PyXIHUBICTD L, 1
THUM CaMUM NPUPIBHATH 111 00UABA BUPA3H.

Tinpky Ha TEPIIHIA OIS 3AA€THCS, IO 0OU-
nBa BUpasu s ctpymy (28) 1(30) pizasatees. Tak,
HaIpUKJIIaJl, MU O4IKY€EMO, 1110 KBa3i-piIBHOBAXKHUI
CTpyM TTIOBUHEH 3aJISKATH BiJl 3apsily iHBEPCHOTO
mapy Q(V,,), K TOro BUMarae eJxeKTpoCTaTHKa
MOS. Lle oueBHAHO AJIs TPATUIIHHOTO BUPA3Y
(30), ame He Bigpa3y scHO 3 Bupasy Jlanmayepa
Ut GamicTUaHOTO cTpyMy (28). 3BEpHIMO yBary
Ha Te, 1110 BEJINYMHA eJIEKTPOHHOTO 3apsiay () BU-
3HAYa€ PO3TANTYBAHHS €JICKTPOXIMIYHOTO MTOTEH-
uiany 77, (29), a i dirypye B (28), Tox HesBHA
3aJIeKHICTh cTpyMy Big Q y (28) €; norpiOHO
TUIBKH 3aIUCaTy 11 B SBHOMY BUIJISII.

B niniiiHIN 00macTi CTpyMy 3a€KHICTh MK
1HBEpCIMHUM 3aps10M Ta eNEKTPOXIMIYHUM TO-
TEHII1aJIOM BU3HAYA€THCS BUPA3OM:

*kT
Q =—qng = _qupso(nF) = _Q(gv mﬂ_hz JSO(UF) . (3 1)

14

Lle Toii camuii Bupa3, mio i (68) i3 podoru [5] 3
Mps ®Nep =N > a N, 1ie 2D eeKTUBHA I'yCTHHA
craniB (38) 3 podotu [5]. Tenep Mmu Moxemo 3a-
nucary 6anicTuuHui cTpym [, K

WE(g‘,\/Zﬂ'm*kT
’ G. h 27h
Izb)LlﬁNzg{ Qch}VDs =0| ( m*kT
&

h’

jjfl/z(ﬂ/f)
Vos 5 (32)

) 3o(,)

10 MOXHa Mnepenrucaru TakKuM YHHOM:

ball

Iball =W v Vir!i S—I/Z(UF) 14 , 33
oun =10 GS)'[z(kT@ St ]

ne vie! BH3HAYa€ThCA BHpasoM (22). Gopmyra

(33) imentuuna (28), ane 3aJeKHICTh B 3apsiay
MIOKA3aHO B Hill Y IBHOMY BHIJISIJII.

Bupa3s (33) Bce mie BiApi3HIETHCS 330BHI Bif
3BuyHOrO Bupasy (30). [Toxinumo i mMOMHOKHUMO
fioro Ha L. Tomi

W phell 3 (77 )
= O, ” 2oy [Pose G4
puv =7y 10(5s) | {2(kT/(]) S (1) .

BumipHicTh BUpa3y B KBapaTHHUX JTYKKaxX - 1€
BUMIpHICTB pyxiuBoCTi /m?/B-c]. Lle i € y3araib-
HeHHs pyxauBocTi 3a [llypom (54) 3 pobotu [5]
Ha cratuctuky Pepmi — Jlipaka:

ball
vinj’ L S—1/2(77F)

2kT/q S+1/2(77F) .

My (35)

Hapemri, ninifinuii cTpyMm y OanicTUUHOMY
BUTIAJIKY

ball

IDLIN

=%|Q<VGS>|uB Vs  (36)

10 IIJIKOM 301ra€eThcs 31 3BUYAfHUM BHpa30M
JUTSL KBa3i-piBHOBAXKHOTO cTpymy (30) 3 3aMiHOIO
JUIIE TPAJMIIIMHOT PYyXJIUBOCTI Ha OAIICTUYHY
PYXJIUBICTb.

OTxe, OanmicTHYHMIA CTPYM Yy JiHIHHINA 00macTi
BHXIJTHOT XapaKTepUCTUKH (28) MOXKHA 3amucaTu
TpaJULiIiHUM YHHOM SIK Y MOJIEJ1 BIpTyaJIbHOTO
BUTOKY (30), SKIO 3aMIHUTH 3BHYAWHY PYXJIU-
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BICTh 4, OOMEXKEHY PO3CISIHHSIM, Ha OQTICTHYHY
pyxauBicTh 1, (35), sk y Bupasi (36). Ii ¢pizuu-
HUH 3MICT MU BX€ JIOKJIQJIHO 0OTOBOPIOBAIIH pa-
HIIIE.

Obnacmov nHacuuenns: banicmuyna mooeins i
MOoOeNb 8ipMyaibHO20 GUMOK)

Mu Bke OTpUMAaH paHilie BUpa3 sl CTPyMy
HAaCHYCHHS B OaliCTUYHOMY BUMAIKY ((hopmyra
(64) crarri [5]):

N

I, =w kTTSm(nF) .(37)

DSAT —

2q [ g N2m*kT
h

7h

Bin myxe BiApi3HAETHCS BiJ TPaaUIIHHOTO
BUpasy s cTpyMy HacudeHHs (popmyna (32)
pobotu [2]), a came:

Lisar =WI1OWes:Vis) [ Vyur - (38)

[li o6maBa BUpa3u MepexoasiTh OAUH B OIMH,
AKWO MiA v, po3ymitd v, . Cnpasii, Mu Mo-
’KE€MO OYiKyBaTH, 0 CTpyM [, Mae OyTH mpo-
MOpHiHHUM 10 3apsaay (, 1o Ja€ HaM MPaBo
nepenucary (37) B BUIVISAL:

2q (g2 kT ) N7 S
h , Sn N (39)
Iy =W|0] 0

3anuIaeThCsl BETMUMHY 3apsay B KBaIpaTHUX
Ty’KKaxX BHPa3UTH 4epe3 7., K MU BXKE poOmiIn
B (31), 1 nepexoHarucs, 1110 BUPa3 y KBaJIpaTHUX
TyXKKax € Hi 0 1HIIe K vl.l;;’.” =({(v.)) (22). Tyt
€, OJTHAK, Ba)XXJIBa 0OCTaBHHA, TTOB’A3aHa 3 THM,
110 3apa3 1AeThCS MPO BEJIMKI HAIIPYTH Ha CTOKY.
B nipoMy BHmajaky, ik MU BXXe 0OTOBOPIOBAIIN B
3B’SI3KY 3 pUC. 3, TUIBKY MOJIOBHHA CTaHIB Ha BEP-
mmHiI 6ap’epy 3acenena. Tomy 3amicts (31) ans
3apsily MU IOBHHHI 3aIMCaTH

m*kT
27h?

0=—q Nap So(17p) = —q(gv ]30(77F) . (40)

2

Lle cipuYMHEHO THM, IO €JIEKTPOHHU 3 JIO-
JaTHUMHU IIBUAKOCTSMH, 1HKEKTOBaHI BUTOKOM,
JlaJni 3aceol0Th BiJIOBIIHI CTAaHU Ha BEPIIUHI

Oap’epy, HaTOMICTh aHAJOT14YHI CTaHU Ha Bep-
ninHi 0ap’epy, 10 BIJNOBIIAIOTH €JIEKTPOHAM 3
BiJI'€EMHUMHU IIBUJIKOCTSIMH, 1HKEKTOBAHUM CTO-
KOM, 3aJIMIIAI0THCS OPOXKHIMH, 00 piBeHb Depmi
CTOKY 3HAYHO HIDKYMM, aHI’)K BHUTOKY, TOX 1MO-
BIpHICTH TOTO, IIIO €JIEKTPOHU 31 CTOKY MAaTUMYTh
€HEpriio, JOCTAaTHIO JJI TOTO0, 00 JOCIATHYTH
BepIInHU 0ap’epy, MizepHo Madna. [ligcrasnsroun
3apsn 3 (40) 3amicTh 3apsay B KBAJApaTHUX JTyK-
Kax Bupasy (39), 0cTaToOuHO OAEPKYEMO:

s =W1QIv) =W[Q]v,". (4
ne v =((vy)) - GamicTHdHA WBHAKICTH BIIOP-
ckyBaHH# (22). Bupas (41) ineHTHuHHI BUpasy
(37). B HpOMY IIPOCTO 3aJIEKHICTH BiJ 3apsLy
BUIIICAHA B IBHOMY BUTJISII.

Takum YMHOM, MU TIOKa3alu, 10 OaNICTHUHUN
CTpyM B oOnacti HacudeHHs (37) moxe OyTH 3a-
MMMCAHUN TPAJAUIIIITHIM YUHOM (38), SKIIO MIBH/I-
KICTb HACHYEHHS V_, , 0OMEXYBaHYy PO3CISHHSIM,
3aMIHUTH HA WIBUJKICTb BIIOPCKYBAHHS v, , POIIb
AKOI Bijirpae OajicTU4YHa IIBHUAKICTh BIOPCKY-
BaHHS vﬁ;” ={(v])), 9k y (41), sika € cepeHbOI0
TEIUIOBOIO IIBUIKICTIO, 3 SIKOIO BUTIK BIIOPCKYE
€JIEKTPOHU B KaHaJ MpoBiAHOCTI. PI3UKYy HACH-
yenHs mBuakocti B 6anictuuanx MOSFET mu
00roBOPIOBAJIM PaHiIIIE.

[Tpu HakanaHH1 MOJIEN1 BIPTYaJIbHOTO BUTOKY
Ha pO3paxyHKOBI OaJICTHYHI XapaKTEePUCTUKHU
Ha PHC. 5 IApaMeTpu MO 4, Ta V,. MH 00-
panu Tak, o0 OTpUMATH HAWKpally BiANOBIJI-
HicTh. O0YMCIUMO O0MIBA IMapaMeTPH 3TiTHO 3
(35) Ta (22), Bukopucrasmmu aaxi aus Si (100) 3
m*=0.19m, Ta ctaructuxy Makcsenna — bosb-
MaHa. Mu ofepskainy 3Ha4YeHHS

2kT
vpll = Vp = ,/—* = 1.2 x 107 em/c,
m

bal
L — = 692 cm?/B-c,

M = kTl

SIK1 JOCTaTHRO OJM3BKI JI0 MapaMeTpiB MPHUIIACY-
BaHHsA v, = 1.24 x 107 em/cip, = 654 cm?/Bc.

Ilopiensnus 3 ekchepumeHmaibHUMU pe3yib-
mamamu
[[{o6 nmepeBipuTH, HACKIIBKU q00pe Oasic-

15
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tuuHa moaens MOSFET omnwucye peanbHi TpaH-
3UCTOPH, 3T1AHO 3 IIEI0 MOACIUIIO PO3paxyBan
nBi moganpm cutyarii: 30 xv ETSOI n-FET 3
[8] (puc. 6) ta 30 um I1I-V FET/HEMT 3 [10]
(puc. 7). Ha ko’)xHOMY 3 IIMX PUCYHKIB HaBEIECHO
BHUXIJHY XapaKTepHUCTUKY, pO3paxoBaHy 3a Oa-
JTICTHYHOIO MOJCIUTIO B IPUMYIIIEHH] CTATUCTHKU
Makcsemia — bonbliMaHa, Ta eKkCriepUMEHTaIbH1
JlaHi, B K1 «BIIHCAHO» PE3YNILTATH PO3PaXyHKIB 32
MOJIEJITIO BIpTYaIbHOTO BUTOKY.

VY3romKeHHsI eKCIIepUMEHTAIBHUX JTaHUX 3
PO3paxoBaHUMHM 32 MOJEIIIIO BIpTyaJIbHOTO BHU-
TOKY JIO3BOJIUJIO 3HAUTHU TP BAKIIHBI MapamMeTpu
000x TpaH3uCTOPiB: 1) HE3anMekKHI BiJ HANPYTH
Ha 3aTBOpI TepMiHaJbHI omopH; 2) GopmanbHy
PYXIUBiCTh; 3) MIBUAKICTH BIOPCKYBAHHS. IX 3i-
Opano Hik4e B Ta0i. 1. Tam sxe HaBeeHO TEIUIO-
Bl IIBUJKOCTI Vv, , OOYMCIIEH] B IPUIYIICHHI CTa-
THCTHKN MakcBesuia — Bonbivana 3 m” = 0.22m,
st Siiom' = 0.016m, mna 11I-V HEMT, exkcniepu-
MEHTaJIbHI 00MexeH1 TUQy3i€r0 pyXJIUBOCTI 4 Ta
0aTiCTUUHI PyXJIUBOCTI i, , PO3paXOBaHi 3riTHO
3 (35) B mpunyieHH1 cTaTucTUk MakcBeiia —
Bonpimana.

1200

Banicru4na
Mojellb

1000

IDS’

HA/uMEOO

Moaeis BIpTYaibHOIO BHTOKY,
Y3rOKeHa 3 eKCIePHMEHTAIbHHMH AaHHMH|

600
400
200

0

0 0.2 0.4 0.6 0.8 1

Vs, B

Puc. 6. 3ropn: MmoneroBaHHSI BUXIJHOI XapaKTe-
puctuxku 6anicruunoro ETSOI Si MOSFET: na-
paMeTpH, BKJIIOYAKO4YHM TePMiHAJIBHI OIIOpH, B3ATO
3 [8]; manpyra ua 3arBopi V= 0.58 ; xo4 ue i
n-MOSFET, noporoBa Hanpyra Bia’€eMHa, TOX €
nomiTHuii cTpym nipu V. = 0B. 3uu3y: cyuiibHOW0
JiHi€I0 300pajkeHa eKCIIePHMEHTAJbHA XapaKTe-
puctuka 30 uyu ETSOI n-FET [8] i npunacoBani
10 Hel pe3yJIbTATH PO3PAaXyHKY (K0J1a) 32 MOJeJIJII0
VS 19]
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Tabmurs 1
[opiBusuus napametpis S1 ETSOI MOSFET 1
[1I-V HEMT
ETSOI Si I-V .
IMapamerp FET HEMT [BuUMipHicTB]
R 260 434 Q- um
Hopp 220 1800 em’/B-c
Vig | 0.82% 107 | 3.85% 107 /e
Vi | 1.14x107 | 4.24 % 107 enle
u 350 12500 cm?/Bec
Uy 658 2446 cv’/Bc
Ry, =R +R,
800
IDSs
u A /,uM BanicTryna Mojeb
600
Moaeis BIpTy a1bHOIO BHTOKY,
V3IrooKeHa 3 eKCICPHMEHTAIbHUMH
400 JaHHMH )
200
0

0.4 0.6

6y . B 0.8

Puc. 7. 3ropu: MonenoBaHHSI BUXITHOI XapaKTe-
puctuku 6agicruanoro III-V HEMT: napameTtpn,
BKJIIOYAKYM TePMiHAJIbHI 0nopu, B3ATO 3 [10]; Ha-
npyra na 3arsopi V.= 0.55; xou ue it --HEMT, no-
poroBsa Hampyra Bix’€MHa, TOMY € HOMiTHHI1 CTPyM
npu V = 0B. 3au3y: cyniibHOIO JiHi€I0 300pakeHa
eKcliepuMeHTa/IbHA XapakTepucTuka 30 nyv ETSOI
n-FET [10] i npunacoBani 10 Hei pe3y1bTaTH po3-
paxyHky (koJ1a) 3a Moxe/1io VS [9]

dopmanbHa PyXIUBICTE 4, CIyTyBana na-
pamMeTpoM IpUIacyBaHHS MOJIEN1 BIpTyaabHOIO
BUTOKY JI0 €KCTIEPUMEHTAIbHUX pe3ynbratiB. ba-
YUMo, 10 B 000X Bunagkax, ETSOI Si MOSFET
ta [lI-V FET, g, MeHa i Bij 3BU4aiHOL pyXJiH-
BOCTI f, OOMEXEHOT PO3CITHHAM, 1 OaTiCTUYHOT
PYXJIUBOCTI g4, . Ili3HiIIe Mu nmepecBiguumoct,
o f4,,, HE IPOCTO [aPaMeTp IpPHUIIACYBaHHS, &
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Hacmpasai 1o0pe Bu3HaYeHUH (i3uyHuUil mapa-
METp HaBITh 3a HaIBHOCTI PO3CISIHHSL.

BigHommeHnHs BUMIpsIHOTO 3HaueHHs /" 10
06YMCIICHOTO GATICTUYHOTO 3HAYEHHS [ MOXKE
MOKa3yBaTH, HACKIJILKHA OJIM3BKO 0 OAIICTHYHOI
MEXI MpAIoe peabHUI TpaH3UCTOP. 3 rpadikiB
Ha pucyHkKax 6 ta 7 3Haxonumo, mo a1 ETSOI
Si FET

p=lor__o73,
I a
ON
a s [1I-V HEMT
]meas
B= Ob’;'ll =0.96.
ON

i pesynpratu cBiguats, mo Si MOSFET
MPAIIOIOTh OJU3BKO 10 OATICTUYHOT MEXi, a JIs
[II-V HEMT xapaktepHuii HiJTKOM OaiCTUYHUI
pexuM. 3BepHIMO TaKOX yBary Ha Te, 1o ¢op-
MajbHa pYXJ'II/IB'iC”FB 4, » 3HANJICHA 3 IPUIIACO-
BYBAaHHSI MOJIEJIi BIPTYaJIbHOTO BUTOKY JIO0 €KCIIe-
PUMEHTAIBHUX PE3yJIbTaTiB, MOPIBHIHO OIM3bKa
no tpaguuiini pyxiauBocti y ang Si FET, ane
M,y K M IS III-V FET. Lle Takox BKa3ye Ha To,
o Si FET mparroe Hikae Bif 6amicTUIHOT MEXI,
a III-V FET — ¢aktuuHo Ha GanicTUUHIA Mexi.
Bin3Haumo Takox, M0 MBHUIKOCTI BIIOPCKYBaHHS
v, » SHAIJICHI 3 IPUIIACYBAHHS MOJICII BIpTyallb-
HOTO BUTOKY JI0 €KCIIEPUMEHTAIbHUX PE3yJbTaTiB,
MEHII BiJl OaTICTUYHUX HIBUAKOCTEH BIOPCKY-
BaHHS V, 1B TUX 1 B APYT'MX TPAH3UCTOPAX.

[Ile ogHa 3ayBara CTOCY€TbCS BUKOPHCTaH-
Hs cratucTUKU Makceiuia — bosibiimana B 1ipo-
BEJICHOMY aHaJi31 JaHux. Buiie Bijg mopory ko-
PEKTHiIIIe BUKOPUCTOBYBATH CTAaTUCTUKY DepMu
— Jlipaka i BpaxoByBaTH HenapaOOoJYHICTh Ta
MHOXXHHHICTb T30H. PeTenpHimmii anami3 mne-
pendauae ypaxyBaHHS yCiX IUX (aKTOPiB, OTHAK
CIPOIICHUN OIHUC 13 BUKOPUCTAHHIM CTaTUCTHKHU
Makcsemna — bonpmana sk IpaBUJIO 1O3BOJISE
IIJTKOM 33JI0BUJIBHO OMUCATH €KCIIEpUMEHTaIbHI
JTaHi.

OTxe, MU MEpECBIAUMIINCS, 1110 PE3YIbTATH
MOJIeJTi BIpTyaJlbHOTO BUTOKY SIK B JIIHIMHIN 00-
JacTi BUXITHUX XapaKTEPUCTHUK, TaK 1 B 001acTi
HAaCUYEHHS IIJIKOM KOPEIOIOTh 3 aHAJIOTIYHUMU
pesyapraraMu B OadicTHuHIA Mozeni. Mu tenep
PO3yMi€EMO, YOMY TPaJUIIiHY PYXJIUBICTh y KO-

POTKHUX KaHajax 3 0aliCTHYHUM TPaHCIOPTOM
CJ1J] 3aMIHUTH Ha OaJiCTUYHY PyXJHUBICTh. Mu
TaKOX MOKa3aliy, 10 MBUJIKICTh HACUYEHHS B
TpaAuIiiiHii Mozeni BiAMoBifae OamiCTUUHIN
IIBUKOCTI B OamicTU4Hii Mmozeni. Pucynku 5 — 7
MOKa3yloTh, IO OAIICTHYHA MOJIEh Tepeaoadae
OUIBIII CTPYMU MOPIBHSHO 3 €KCIIEPUMEHTAIb-
HUMHM JAHUMH, a TpOoPiiab OaNTICTUUHUX Xapak-
TEPUCTUK [ ¢ oc V), IOMITHO Pi3HUTBCS BiJ €KC-
NEePUMEHTAIbHUX XapaKTEePUCTHUK: TEPeXia Bif
JiHIHOT o0JacTi 10 00iacTi HaCUYCHHS Bi0y-
BA€THCS B MEHILIOMY J[ialla30Hi HAMpyT Ha CTOKY.
Bunaetscs, mo npodiss mepexomy Bi JHIHHOCTI
JI0 HACUYEHHS [10B’A3aHUH 3 3aJI€KHICTIO HAIIPyTH
Ha CTOKY Bijg po3scisHHs. [1{06 3’scyBaTu 11e, mo-
TpiOHO Oyne 3aruOUTHCA B TEOPIIO PO3CISTHHS
eJIEKTPOHIB Y TOJILOBUX TpaH3UCTOpax. [ mudme
PO3YMIHHS SIBUII PO3CISIHHS JOIIOMOXE HaM T0-
SICHUTH, YOMY IIBHJKICTh BIIOPCKYBAHHS MEHIIIA
3a OaICTUYHY HIBUJIKICTh BIOPCKYBAHHS 1 3p03Y-
MITH, SIK IHTEpIpeTyBaTH (HOPMAIIbHY PYXJIUBICTH
32 HasIBHOCTI PO3CIsTHHSL.

11716’ emo miacymku. Mu onucany 3aJIeKHICTh
MIBUIAKOCTI €JIEKTPOHIB BiJl HAIPYTH HA CTOKY,
HaNpyr Ha 3aTBOPi Ta BiJ IHBEPCHOTO 3apsy B
oanmictuunux MOSFET. Ha nepuuit normsin Bu-
a€eThCs TUBHHUM, 10 B Oamictuunux MOSFET
IIBUJIKICTh HACUUYETHCS 31 3pOCTAHHIM HaNPyTH
Ha CTOKY 3a BIJICYTHOCTI PO3CISIHHS €JIEKTPOHIB,
OJTHaK, (pi3MKa IHOTO SBHIIA 3apa3 IIJIKOM 3P0O3y-
mina. B 6amctrnuanx MOSFET mBuakicTs ejek-
TPOHIB HACHUYY€ETHCS HE B CTOKOBOMY KIHIII KaHAJTy
MPOBIAHOCTI, K Y MAaCUBHUX TPaH3UCTOpaX, 1€
eNeKTPHYHE T10JIe HAlO1IbIe i PO3CIFOBaHHS Hali-
IHTEHCHUBHIIIIE, a TaM, JIe 3aKIHUy€ThCS BUTIK 1 T10-
YUHAETHCS KaHaJ IMMPOBITHOCTI, TOOTO HA BEPIIMHI
0ap’epy, 1€ eIEKTPUUHE M0JIe HYJIbOBE.

Mu takox o6roBopuiu (pi3udHy TPUPOIY
0aiCTUYHOT MBUIKOCTI BropcKyBaHHS. Came
I MIBUJKICTh € BEPXHHOIO MEKEIO MIBHIKOCTI
BropckyBaHHs B peanbHux MOSFET. fkmo
ng < N,,/2, To GanicTUYHA MWBUAKICTH BIOP-
CKyBaHHs CTaja, OfHAaK, s ng >/~ N, /2 usg
IIBUJIKICTH 3pOCTa€ 31 30UIBIICHHSIM MTOBEPXHE-
BOI KOHIIGHTpaIlii eJeKTpOoHiB. Mu 3ailicHUIN
OIIIHOYHI PO3PaxXyHKH OaiCTHYHOI IMIBUIKOCTI
BIIOPCKYBAHHS, SIKI MOXKYTb CTaTU BIANPABHOIO
TOYKOIO ISl PETENIbHIIIUX PO3PaXyHKIB.

IToka3aHo, sik OB’ s13aHi IOMIX c00010 Oaic-
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TUYHA MOJEJb 1 MOJIETb BIPTYaJbHOTO BUTOKY.
[Ipocroro 3amiHOI0 TpaaULIHHOT PyXJIUBOCTI, 00-
MEKEHOT PO3CitOBaHHIM, Y MOJIEIIi BipTyaJIbHOTO
BUTOKY Ha OalliCTUYHY PYXJIHUBICTH OJEPKYEMO
MPaBWJIBHUMN XiJ1 0AJTICTHYHOTO JIIHIHHOTO CTPYyMY.
3aMiHOIO IIBUIKOCTI HACHYEHHS V., B MAaCHBHO-
My KaHaJli IPOBIHOCTI Ha OAIICTUYHY MIBUAKICTH
BITOPCKYBaHHS v;‘/’.” OZICP)KYEMO TIPABHIIbHE 3HA-
YeHHs OalicTuyHoro crpymy I, . Takox moka-
3aHO, 1110 OATICTUYHA MOJIENb Niependadae OLTbIIi
CTPYMH TIOPIBHSHO 3 €KCIIEPUMEHTAJIbHUMH JIaHH-
Mmu. e moB’s3aH0 3 epekTamMu pO3CitOBaHHS elIeK-
TPOHIB, PO3YMIHHS MPUPOJIU SKOTO BUHATKOBO
BaKJTUBE JUTSI MOJICITIOBAaHHSI HAHOTPAH3UCTOPIB.
Ha 3aBepiieHHst HAroJ0ciMo: CTaTTs € HACHI]I-
KOM IpocityxoByBaHHs onHuM 3 Hac (FOOK) kyp-
cy nekiit «Fundamentals of Nanotransistors» [9],
npounTaHux oH-yiaH B 2016 poui npod. Map-
koM Jlynncrpomom (Mark Lundstrom), B pam-
kax iHimiatuBu Purdue University / nanoHUB-U
[www.nanohub.org/u]. B Hili Tako BUKOpHCTa-
HO HaNpallOBaHHS aBTOPCHKOTO Kypcy «dDi3nka
KOHJICHCOBAHOTO CEPEIOBHUIIAY, SIKUM THIITNI aB-
top (MBC) ynpoaoBxk oCTaHHIX POKIB YUTAE IS
MaricTpiB QaKkyabTeTy paaiodi3uku, eIeKTPOHIKU
1 KOMIT 10TepHUX cucTeM KUiBChKOro HalioHalb-
HOTO YHiBepcuTeTy iMeHi Tapaca [lleBueHka.
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Bowce nicna moeo, ak yiwo cmammio 0yno
HAOICIaHO 00 pedaxyii i nputiHamo 00 OpPyKy,
niWos 3 dHCumms 6UHAYHUL YYEeHUU ) 2any3i
K8AHmMOBOI (i3uku Ui K8AHMOBOI Ximii, 0OK-
mop Qizuxo-mamemamuyHux Hayx, npogecop,
axademix Axademii Hayk euwyoi wxonu Ykpainu
IOpiti Onexcitiosuu Kpyensax. Ilonynapuszayis Ho-
6020 Memo9dy BUKIAOAHH HAHOPI3UKU 3A CXe-
MO0 «3HU3Y 820PY» CMANA O] Hb02O BNPOO0BHC
ocmaHHix poxie cnpasoio xcumms. Ochosu yiei
cxemu 0)110 BUKIAOEHO 8 MPbOX CEPISX 0211510080~
MemoOUYHUX cmametl, K 3 AGNANUCS 8 HCYPHAIL
«Cencopua enekmpoHika i MIKpocucmemHi
mexHonoeiiy nouunarouu 3 xkinya 2012 poky. Ha
JHCAb, OCIMAHHI MPU CMammi mpemvoi cepii opy-
20MYy Cnisasmopogi 008e0emuvCsi 20My8amu 8xice
be3 FOpis Onekcilosuya, 3a 3a1UUEHUMU HUM
yepHemKaMu.
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Summary

In the sixth one from the line our new tutorial reviews, directed to serve students, university
teachers and researchers, the dependence of the electron velocity on the drain voltage in ballistic
MOSFETs, as well as its dependence on the gate voltage and on the inversion charge, are considered.
At first glance, it seems unusual that in the ballistic MOSFET the speed is saturated with the increase
in the drain voltage in the absence of electron scattering, however, the physics of this phenomenon
is now quite understandable. In ballistic MOSFET, the electron velocity is saturated not at the drain
end of the conduction channel, as in massive transistors, where the electric field is the largest and the
scattering intense, but where the source ends and the conduction channel begins, i.e, at the top of the
barrier where the electric field is zero.

The saturation of the velocity, also known as the ballistic injection rate, is also discussed. It

is this speed that is the upper limit of the injection rate in real MOSFETs. If ny, < N,,/2, then the

ballistic injection rate is constant, however, for ng >/~ N,,/2 this speed increases with increasing
surface density of electrons. Simple calculations of the ballistic injection rate have been made, which
can serve as a starting point for more thorough calculations.

It is shown how the ballistic model and the virtual source model are interrelated. By simply
replacing the traditional mobility, which is limited by scattering, in the virtual source model by ballistic
mobility, we obtain the correct course of the ballistic linear current. By replacing the saturation velocity

ball
inj

V , we obtain the correct value

in the massive conduction channel by the ballistic injection rate v

sat

of the ballistic current 1, . It is also shown that the ballistic model predicts larger currents than the
experimental data. This is due to the effects of electron scattering, understanding of which is extremely
important for modeling nanotransistors.

Keywords: nanoelectronics, field effect transistor, MOSFET, LDL model, transistor metrics,
transistor control, virtual source
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PI3UKA HAHOTPAH3UCTOPIB: BAJIICTUYHA HIBUAKICTD BIIOPCKYBAHHA I
OB’€ITHAHHSA BAJICTUYHOI MOJEJI 3 MOAEJLTIO BIPTYAJIbHOI'O BUTOKY
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Pedepar

VY mocTi#t 13 HOBOT cepii METOAMYHO-OIVISIOBUX CTAaTeH, OPIEHTOBAHUX HA JOCIITHUKIB, CTY-
JICHTIB, aCIlipaHTIB Ta BUKJIA/1a4iB BUILOT IIIKOJIM, MU PO3IIISTHYJIN 3aJIEKHICTh IIBUAKOCTI €IEKTPOHIB
BiJl HAIIPYTH HA CTOKY, HAIIPyT'W Ha 3aTBOpi Ta BiJ iHBepcHOro 3apsiay B 6anictnunux MOSFET. Ha
NPT TOTIISA BUAAETHCA TUBHUM, 0 B Oanmictuuaux MOSFET mBuakicTh HacHUy€eThes 31 3poc-
TaHHSM HalPyTH Ha CTOKY 3a BIJICYTHOCTI PO3CIIOBaHHSI €IEKTPOHIB, OHAK, (hi3MKa IILOTO SIBHIIA 3apa3
koM 3posymina. B 6amicruunux MOSFET mBHIKICTh €1€KTPOHIB HACUYYETHCS HE B CTOKOBOMY
KiHIII KaHaJly IPOBIAHOCTI, SIK Yy MACUBHUX TPAaH3UCTOpaX, JI€ €JICKTPUYHE 1oJIe HalOIbIIe i po3-
CiIOBaHHS HAMIHTEHCHUBHIIIIE, & TaM, JI¢ 3aKIHIYETHCS BUTIK 1 MOYMHAETHCS KaHA MTPOBITHOCT1, TOOTO
Ha BepIIKHi 06ap’epy, A€ eIeKTPUUHE M0JIe HYJIbOBE.

Mu Takox o6roBopuiu (Gpi3udHy Npuposy 0anicTUYHOI MBHUIKOCTI BIOpcKyBaHH. Came 115

HIBUJIKICTD € BEPXHBOIO MEXEI0 MIBUAKOCTI BopckyBaHHs B peasibHux MOSFET. fkumo ng < N, ,/2 ,

TO GaJiCTUYHA IIBUJKICTh BIIOPCKYBAaHHA CTaNa, OAHAK, VI 1y >/~ N, /2 1id IIBUIKICTb 3pOCTaE 31
301JIBIIIEHHSIM [TOBEPXHEBOI KOHLIEHTPALIIT €IeKTPOHIB. MU 31iCHIUIIM OLIIHOYHI PO3paXyHKH OaTicTHY-
HOI IIBUJIKOCTI BHOPCKYBaHHS, sIKI MOXKYTb CTaTH BiIPABHOIO TOUKOIO JUISl PETENIBHIIINX PO3PaxXyHKIB.

[TokazaHo, sk MMOB’s13aHI OMIXK CO00I0 OaiCTHYHA MOJIETh 1 MOJEINb BipTyallbHOTO BUTOKY.
[Ipocroro 3aMiHOIO TpaaAULIHHOT PYXJIMBOCTI, OOMEKEHOI PO3CIIOBAaHHSIM, Y MOJIENI BipTyajaIbHOTO
BUTOKY Ha OaJiCTHYHY PYXJHBICTH OJCPKY€EMO MPAaBUIBHHUMA XiJl 0ATICTUYHOTO JIHIHHOTO CTpyMY.

3aMiHOIO MIBUKOCTI HACHUYECHHS V,, B MAaCHBHOMY KaHaJIi IPOBIAHOCTI HA OaJIiCTUYHY LIBHIKICTDH

BIIOPCKYBaHHS vlf;” OZIEP’Ky€MO NpaBUIIbHE 3HAUEHHs OaIICTUYHOrO cTpyMy [, . Takox mokasaHo,
110 OaTiCTUYHA MOJIEIb Tiependadae OUIbINI CTPYMHU MOPIBHSIHO 3 €KCIIEPUMEHTATFHUMU JaHuMHU. 1e
OB’ s13aHO 3 €)eKTaMU PO3CIFOBAaHHS €JIEKTPOHIB, PO3YMIHHS ITPUPOJIN STKOTO BUHATKOBO BAaYKJITMBE JIJISI
MOJICTIOBaHHSI HAHOTPAH3HUCTOPIB.

KirouoBi ciioBa: HaHOENEeKTpOHiKa, moaboBuid Tpanzuctop, MOSFET, monens JIJIJI, meTpuka

TPAH3HUCTOPIB, YIPABIIHHS TPAH3UCTOPAMH, BIPTYaJIbHUN BUTIK
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THEORETICAL AUGER SPECTROSCOPY OF SOLIDS:
CALCULATION OF ENERGY PARAMETERS

A. V. Glushkov, V. V. Buyadzhi, A. V. Tsudik, A. S. Chernyshev, E. A. Efimova

Abstract. The combined relativistic energy approach and relativistic many-body perturbation
theory with the zeroth order density functional approximation is applied to determination of the energy
and spectral parameters of the Auger decay for the Na, Si, Ge, Ag solids. The results are compared
with reported experimental results as well as with those obtained by alternative theoretical schemes.
The important point is linked with an accurate accounting for the complex exchange-correlation (po-
larization) effect contributions and using the optimized one-quasiparticle representation in the zeroth
approximation of relativistic many-body perturbation theory, which significantly affects the agreement
of theory and experiment.

Keywords: relativistic theory, Auger spectroscopy, solids

TEOPETUYHA OXE-CIIEKTPOCKOIIIA TBEPIOI'O TIJIA:
PO3PAXYHOK EHEPTETUYHUX ITAPAMETPIB

O. B. I'ywxos, B. B. Bysiooicu, A. B. [[youx, O. C. Yepnuwes, E. O. €Epinosa

Anorania. KoMOiHOBaHMIA PEeNSTUBICTCHKHI €HEPTreTHYHUHN MiJIX1/ 1 pesITUBICTChKA Oararo-
YaCTHHKOBA TeOpis 30ypeHb 3 HYIHOBUM HAOMMKEHHAM (DYyHKI[IOHAJIa TYCTUHU 3aCTOCOBYIOTHCS
JUIs BU3HAUEHHSI €HEPTreTUYHUX 1 CIIEKTpalIbHUX mapameTpiB Oske-mporecy B TBepAOoTiLNbHUX Na, Si,
Ge, Ag. Pe3ynpratu mopiBHIOIOTHCS 3 y3araJIlbHEHUMH EKCIIEpUMEHTAIbHUMU JTaHUMH, a TAKOXK 3
pe3ynbTaraMu, OTPUMaHUMHU Ha OCHOBI aJIbTEPHATUBHUX TEOPETUYHUX METOAIB. BaxkimuBuii MOMEHT
MOB'sI3aHMI 3 ypaxyBaHHSIM BKJIAJIiB CKIaJHUX 0araTo4aCcTUHKOBUX 0OMiHHO-KOPEISAIIMHNX e(eKTiB
Ta BUKOPHCTAHHSM ONTHMI30BaHOTO OHOYACTHHKOBOTO YSIBJICHHS B HYJIbOBOMY HAONMMKEHHI PEJIATH-
BICTCBHKOT 0araro4acTUHKOBOI T€opii 30ypeHsb, 110 CYTTEBO BIUIMBAE HA 3TOy TEOPIi Ta EKCIIEPUMEHTY.

Kurouosi ciioBa: pensituBicTcbka Teopis, Oke-CreKTpoCKoIIis, TBEpAE TLIO
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TEOPETUUYECKAS OXKE-CIIEKTPOCKOIIMSA TBEPAOI'O TEJIA:
PACUET DHEPTETUYECKUX TAPAMETPOB

A. B. I'nywros, B. B. bysiooicu, A. B. I[youx, A. C. Yepnviuies, E. A. E¢pumosa

AHHoTanus. KoMOMHUPOBaHHBIN PENSATUBUCTCKUIN SHEPreTUYECKUI MOXO0 U PEISITUBUCTCKAS
MHOTOYACTUYHASI TEOPHUS BOSMYIIICHUH ¢ MPUOIIKeHHEM (PyHKIIMOHAJIA IIOTHOCTH HYJIEBOTO TTOPSI/I-
Ka PUMEHSIOTCS JUIsl ONIPEACIICHHs] JHEPreTUYECKUX U CIIEKTPaIbHBIX [TapaMETPOB OXKE-IPOLECCaA B
TBeproTenbHBIX Na, Si, Ge, Ag. Pe3ynbsrarsl CpaBHHBAIOTCS ¢ 0000IICHHBIMU SKCIIEPUMEHTATEHBIMH
pe3yiabTaTaMu, a TakKe ¢ pe3ylbTaTaMy, MOJTYyYeHHBIMU B paMKax aJlbTEPHATUBHBIX TEOPETUUECKUX
MOAXO10B. BayKHBII MOMEHT CBSI3aH C Y4E€TOM BKJIAI0B MHOTOYACTHYHBIX KOPPESIIUOHHBIX AP dekToB
Y MCTIOJIH30BaHNEM ONITUMH3HPOBAHHOTO OTHOYACTHYHOTO MTPECTABIICHHUS B HYJIEBOM NMPUOIIKESHUN
MHOI'O4YaCTUYHOM TEOPUHU BO3MYILEHUMN, YTO CYIIECTBEHHO BIIMAET HA COIIACHME TEOPUU U DKCIIEPH-

MCHTAa.

KiaroueBble cjioBa: PEIATUBUCTCKAA TCOPHA, O)KG-CHGKTpOCKOHI/ISI, TBCPAOC TCIIO

Introduction

The Auger electron spectroscopy is an effective
method to study the chemical composition of solid
surfaces and near-surface layers etc [1-8]. Sensing
the Auger spectra in atomic systems and solids
gives the important data for the whole number of
scientific and technological applications. When
considering the method principles, the main atten-
tion is given as a rule to the models for drawing
chemical information from the Auger spectra and
to the surface composition determination methods
by the Auger spectrum decoding. It is just the two-
step model that is used most widely when calcu-
lating the Auger decay characteristics. Since the
vacancy lifetime in an inner atomic shell is rather
long (about 10'7to 10°'%s), the atom ionization and
the Auger emission are considered to be two in-
dependent processes. In the more correct dynamic
theory of the Auger effect [1-4] the processes are
not believed to be independent from one another.
The fact is taken into account that the relaxation
processes due to Coulomb interaction between
electrons and resulting in the electron distribu-
tion in the vacancy field have no time to be over
prior to the transition. In fact, a consistent Auger
decay theory has to take into account correctly a
number of correlation effects, including the ener-
gy dependence of the vacancy mass operator, the
continuum pressure, spreading of the initial state
over a set of configurations etc. [9-20]. Note that
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the effects are not described adequately to date,
in particular within the Auger decay theory [2].

The most widespread theoretical studying the
Auger spectra parameters is based on using the
multi-configuration Dirac-Fock (MCDF) calcu-
lation [1-3]. The theoretical predictions based on
MCDF calculations have been carried out within
different approximations and remained hitherto
non-satisfactory in many relations. Earlier [11,12]
it has been proposed relativistic perturbation the-
ory (PT) method of the Auger decay character-
istics for complex atoms, which is based on the
Gell-Mann and Low S-matrix formalism energy
approach and many-body perturbation theory (PT)
formalism [4-7]. The novel element was in using
the optimal basis of the electron state functions
derived from the minimization condition for the
calibration-non-invariant contribution (the second
order PT polarization diagrams contribution) to
the imaginary part of the multi-electron system
energy already at the first non-disappearing ap-
proximation of the PT. Earlier it has been applied
in studying the Auger decay characteristics for a
set of neutral atoms and quasi-molecules. Besides,
the ionization cross-sections of inner shells in
various atoms and the Auger electron energies in
solids were estimated. In this paper the combined
relativistic energy approach and relativistic many-
body PT with the zeroth order density function-
al approximation is used for sensing the Auger
spectra of solids and calculation of their energy
parameters.
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The theoretical method

In Refs. [4,5,16-22] the fundamentals of the
relativistic many-body PT formalism have been
in detail presented, so further we are limited only
by the novel elements. Let us remind that the
majority of complex atomic systems possess a
dense energy spectrum of interacting states. In
Refs. [1, 3-5] there is realized a field procedure
for calculating the energy shifts AE of degenerate
states, which is connected with the secular ma-
trix M diagonalization. The whole calculation of
the energies and decay probabilities of a non-de-
generate excited state is reduced to the calcula-
tion and diagonalization of the complex secular
matrix. In the relativistic energy approach [4-9],
which has received a great applications during
solving numerous problems of atomic, molecular
and nuclear physics (e.g., see Refs. [1, 4, 5, 23-
30]), the imaginary part of electron energy shift
of an atom is directly connected with the radia-
tion decay possibility (transition probability). An
approach, using the Gell-Mann and Low formula
with the QED scattering matrix, is used in treating
the relativistic atom. The total energy shift of the
state is usually presented in the form:

AE =ReAE+iT/2, (1)
where I' is interpreted as the level width, and the
decay possibility P = I'. The imaginary part of
electron energy of the system, which is defined
in the lowest order of perturbation theory as [4]:

2
e )
mAEB) - s Vo
T a>m>f
[a<n< £]

2)

where (a>n>f) for electron and (a>n>f) for va-
cancy; V! is an imaginary part of the matrix

anan

element of the potential:

U-aa). @

Vlir, )= explion; )-

Within the frame of the relativistic PT approach
the Auger transition probability and the Auger line
intensity are defined by the square of an electron
interaction matrix element having the form [2-4]:

A
Vv []1)(]2)(]3)(]4 [/Z ”[ ]ljjn ,UJX Re Q,(1234);

=M+ Q. )

The terms QX" and @ correspond to sub-
division of the potential into Coulomb part
cos|w|r,,a,a,r, . The real part of the electron
interaction matrix element is determined using

expansion in terms of Bessel functions:

coslafr, o

/1)1/1+%Qa)\f< )J_i_%Qw\g )P,{ (cosryry )

(6)
where J is the 1% order Bessel function,
(A) =2A +1. The Coulomb part qul is expressed
in terms of radial integrals R angular coefficients
S, according to Refs [4]. The Breat interaction is
known to change considerably the Auger decay
dynamics in some cases. The Breat part of Q is
defined in [2-4].

The Auger width is obtained from the adiabatic
Gell-Mann and Low formula for the energy shift
[3]. The direct contribution to the Auger level
width with a vacancy n [ j m_is as follows:

r,o iR =0

2
Y ko), 7
2000 B;Z O,(akyP) Q,(Pka). (7
while the exchange diagram contribution is:
a Jy }\‘2
Z > > 0, (oky )@, (vBka . (8)
(Ja MaPy < > B M

The partial items of the Z Z sum answer to

pr &
contributions of a' —(By)"' K channels resulting in
formation of two new vacancies By and one free
electron k: ©, = ©, + o, + o, The calculating
of all matrix elements, wave functions, Bessel
functions etc is reduced to solving the system
of differential equations. The formulas for the
autoionization (Auger) decay probability include
the radial integrals R (akyB), where one of the
functions describes electron in the continuum
state. When calculating this integral, the correct
normalization of the wave functions is very im-
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portant, namely, they should have the following
asymptotic at » — 0:

sty o+ 0272 i ira). )

[m —(0z)~2 T/Z cos( kr+).

The important aspect of the whole procedure
is an accurate accounting for the exchange-corre-
lation effects. We have used the generalized rela-
tivistic Kohn-Sham density functional [3-5] in the
zeroth approximation of relativistic PT; naturally,
the perturbation operator contents the operator
(7) minus the cited Kohn-Sham density function-
al. Further the wave functions are corrected by
accounting of the first order PT contribution. Be-
sides, we realize the procedure of optimization of
relativistic orbitals base. The main idea is based
on using ab initio optimization procedure, which
is reduced to minimization of the gauge dependent
multielectron contribution /mAE of the lowest
QED PT corrections to the radiation widths of
atomic levels.

The energy of an electron formed due to a
transition jk/ is defined by the difference between
energies of atom with a hole at j level and dou-
ble-ionized atom at &/ levels in final state:

E kLS, =

EY() - E5 (25T Ly) . (10)

In the solids theory, to single out the important

correlation and medium effects, the equation (10)
is usually rewritten as:

EA(kL*ST L)) = B(j) - (b - E() - Ak 525 L))
(11)

where the item A takes into account the dynamic
correlation effects (relaxation due to hole screen-
ing with electrons etc.) To take these effects into
account, the set of procedures elaborated in the
atomic theory [3-5,11,12] is used. All calculations
are performed on the basis of the modified numer-
al code Superatom (version 93).

Results and conclusions
Below we present the advanced data for Au-
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ger electron energy in some solids. As mentioned
above, the exit probability of Auger electrons
from an atom via different channels associated
with ionization from a core level is defined by the
matrix element (1). In addition, the proportional-
ity coefficient in the equation coincides with the
electron impact ionization cross-section ajof the
level j. Of course, two aspects are to be considered
when determining the exit probability of Auger
electrons from an atom, namely, the radiative tran-
sition under neutralization of a hole at the level
j and the possibility of a considerable change in
the initial hole distribution at the core levels at the
Auger decay via the radiative channel jkl associat-
ed as a rule with a considerable distinctions in the
non-radiative transition probabilities [11,12]. For
definiteness sake, let the ionization of L levels in
a multi-electron atom be considered. The prob-
ability of the Auger electron emission from the
atom via the channel L K/ (taken as an example) is
defined by the ionization cross-section of the level
L, as well as by a certain effective cross-section
depending on the ionization cross-sections of the
levels L ,L,. The Auger line intensity is defined
by three atomic constants: A,=0 ]: » where ay
is the non-radiative transition probabllity' fiis
the Korster-Kronig coefficient; 0., the ionization
cross-section defined by the matrix element (1)
calculated for wave functions of bound state and
continuum one. In table 1 we present the data on
Auger electron energy for some solids calculated
using the presented approach (column C), the
semi-empirical method with using the Larkins’
equivalent core approximation [8] (column A),
the perturbation theory approach [11,12] as well
as experimental data (c.g.[1]).
Table 1
Experimental data for Auger electron energy for
solids and calculated values (A, semi-empirical
method [1]; B, [11,12]; C- present)

g Auger line | Experiment |Theory:|Theory:|Theory:
= A B C

=
Na| KL, L,.'D, | 9942 |993.3 | 994.7 | 994.1
Si KLz,me 1D2 1616.4 |1614.0|1615.9|1616.2
Ge LJ,M4'5M4’5 ’G4 1146.2 1147.2 1 1146.6 | 1146.1
Ag|MN, N, 'G,| 3534 |3588 |354.1 | 3532
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The calculation accuracy using method [1] is
within about 2 eV as an average. Our approach
provides more accurate results that is provided
by more correct accounting for complex electron
interaction. Some improvement of the present data
in comparison with results [9,10] is connected us-
ing the optimized one-quasiparticle representation
in the relativistic many-body perturbation theory,
which significantly affects an agreement between
theory and experiment.

To conclude, let us note [12] that using the Au-
ger electron spectroscopy in analysis of the sur-
face chemical composition and elements [1,3,30-
34] requires consideration of Auger spectra and
the corresponding characteristics of the Auger
transitions, interpretation of effects like the shape
transformations of the valence Auger spectra due
to appearance of new lines, position and intensity
changes of individual lines caused by the redistri-
bution in the electron state density of the valence
band. The correct theoretical estimations of the
spectral characteristics are of critical importance
for their full understanding.
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Summary

The Auger electron spectroscopy is an effective method to study the chemical composition of
solid surfaces and near-surface layers. Sensing the Auger spectra in atomic systems and solids gives
the important data for the whole number of scientific and technological applications. When considering
the method principles, the main attention is given as a rule to the models for drawing chemical infor-
mation from the Auger spectra and to the surface composition determination methods by the Auger
spectrum decoding. It is just the two-step model that is used most widely when calculating the Auger
decay characteristics. The relaxation processes due to Coulomb interaction between electrons and re-
sulting in the electron distribution in the vacancy field have no time to be over prior to the transition.
In this paper the combined relativistic energy approach and relativistic many-body perturbation theory
with the zeroth order density functional approximation is applied to determination of the energy and
spectral parameters of the Auger decay for the Na, Si, Ge, Ag solids. The results are compared with
reported experimental results as well as with those obtained by alternative theoretical schemes. The
important point is linked with an accurate accounting for the complex exchange-correlation (polari-
zation) effect contributions and using the optimized one-quasiparticle representation in the relativistic
many-body perturbation theory zeroth approximation, which significantly affects the agreement of
theory and experiment.
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Pegepar
Enextponna Oxe-creKTpocKomist € e(eKTUBHIM METO]] BUBYEHHS XIMIYHOTO CKJIA/Ty TBEPIHX
MIOBEPXOHB 1 MPUTIOBEPXHEBUX MIapiB. BuBueHHs criekTpiB Oxe B aTOMHUX, MOJIEKY/ISIPHUX CUCTEMAX 1
TBEP/MX TiJaX Ja€ BKJIMBI JaHi Uit 0araTourMCcIIeHHIX HayKOBO-TEXHIYHUX 3aCTOCYBaHb. SIK mpaBuiio,
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TOJIOBHA yBara NpUAUISETbCA MOACISIM oOuucieHHs: O)Ke-CIeKTpiB Ta OTpUMaHHIO iHpopMaLii mpo
OCHOBHI €HEpreTUYHi Ta CIIEKTPaJIbHI IMapaMeTpH, a TAKOXK BU3HAYECHHIO CKJIaly TOBEPXHI HA OCHOBI
po3mudpoBku Oxe-cnekTpiB. B naniit po6oTi kOMOIHOBaHUHN PENSATUBICTCHKUN €HEPTeTUYHUN
MAX1J 1 peNATUBICTChKA OararTo4acTUHKOBA TEOPist 30ypeHb 3 HyIbOBUM HAOIMKEHHAM (DyHKITIOHAIA
T'YCTHHH 3aCTOCOBYIOTHCS JIJIsl BU3HAUCHHS CHEPTeTUYHHX 1 CIIEKTPabHUX napaMeTpiB Osxe-mporecy
B TBepIOTUTbHUX Na, Si, Ge, Ag. Pe3ynbraru nopiBHIOIOTECS 3 y3arajJbHEHUMU EKCIIEPUMEHTATbHUMU
pe3yapTaTaMu, a TaKoX 3 pe3yJabTaTaMy, OTPUMAaHUMHU Ha OCHOBI aJIbTEPHATUBHUX TEOPETHUHUX
MeToAiB. BaxauBuii MOMEHT NOB'S3aHUN 3 KOPEKTHUM YpaxyBaHHAM BHECKIB CKJIaJHUX
0araTo4acTUHKOBUX OOMiIHHO- KOpENALIMHUX €(EeKTiB Ta BUKOPUCTAHHSIM ONTHUMiI30BAHOTO
OZTHOYACTHHKOBOT'O YSIBIICHHS B HYJbOBOMY HAOIMXEHHI PEIATUBICTCHKOI 6araro4acTHHKOBOI Teopii
30ypeHb, 110 CYTTEBO BIUIMBAE HA 3rO/ly TEOPii Ta EKCIIEPUMEHTY.
Kurouosi cioBa: pensituBicTchka Teopis, Oe-creKTpoCcKoIlis, TBEpAE TiI0
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BIIJINB TEMIIEPATYPU HA TAPAMETPU MATHITOYYTJ/IMBUX TPAH3UCTOPHUX
CTPYKTYP

M. A. I'naybepman, A. 1. Jlenix

AHoTauisi. HanmiBnpoBiTHUKOBI MarHiTO9y MBI TpaH3UCTOPHI cTpykTypH (MTC), sik mokazanu
JOCIIKEHHS, MOXKYTh OyTH OCHOBOIO €()EeKTUBHUX CEHCOPIB MAarHiTHOTO MOJIsI, @ TAKOX CEHCOPIB
iHIMX Qi3ugHuX BennunH. OHAK MPaKTUYHE 3aCTOCYBAHHS TAaKUX CEHCOPIB BUMAarae Jjs 3abe3re-
YEeHHS BUCOKMX METPOJIOTIYHUX XapaKTEPUCTHK JOCIIKEHHS BIUIMBY J€CTAa0TI3yI0UMX YNHHUKIB Ha
cami MTC. B uncii 0OCHOBHUX TaKMX YMHHHUKIB € TeMreparypa. JloCIiKeHHIO BIUTUBY HAa OCHOBHI
xapakrepuctuku MTC Temneparypu 30BHIITHBOTO CEPEIOBHIIA 1 TPUCBAYCHA JaHa poOoTa.

AHai3yIOThC MEXaHI3MH BIUTUBY Temneparypu Ha MTC, 3alexHICTh X XapaKTEepPUCTHK, 30-
KpeMa MepeTBOPIOBAIBHUX MAapaMeTPiB 3 MO3UIII MOXIIMBOTO BUKOPUCTAHHS B CEHCOPAX.

KurouoBi c/jioBa: MarHiTouyTiaMBi TPAH3UCTOPHI CTPYKTYpPH, HAIIBIIPOBIIHUK, TEMIIEpATypa,
MAarfiTHe IoJie, CCHCOPH

TEMPERATURE INFLUENCE ON THE MAGNETIC
SENSITIVE TRANSISTOR STRUCTURES PARAMETERS

M. A. Glauberman, Ya. 1. Lepikh

Abstract. Studies have shown that semiconductor magnetically sensitive transistor structures
(MTS) can be the basis of effective magnetic field sensors, as well as sensors of the other physical
quantities. However, such sensors practical application requires investigation of the destabilizing
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factors influence on the MTS themselves to ensure high metrological characteristics. Temperature
is among these main factors. The study of the environment temperature influence on the main MTS
characteristics is the subject of this work.
The mechanisms of the temperature influence on the MTS, their characteristics dependences, in
particular, the conversion parameters from the point of view of possible use in sensors, are analyzed.
Keywords: magnetosensitive transistor structures, semiconductor, temperature, magnetic field,
sensors

BJIMAHUE TEMIIEPATYPbI HA TAPAMETPbI MAT'HUTOYYBCTBUTEJIBHBIX
TPAH3UCTOPHBIX CTPYKTYP

M. A. I'naybepman, A. U. Jlenux

AHoTanus. [1oaynpoBOAHUKOBBIE MArHUTOUYBCTBUTEIbHBIE TPAH3UCTOPHBIE CTPYKTYPhI
(MTC), kak moxa3ajiau UCCIIEA0BaHUs, MOTYT ObITH OCHOBOI 3()()EKTUBHBIX CEHCOPOB MAarHUTHOTO
TOJIs1, & TAK)KE CEHCOPOB JIPYTUX (U3NUECKUX BeMMYMH. OHAKO MPAKTHUECKOE MPUMEHEHUE TaKNX
CEHCOPOB TpedyeT JUIs 00ecredeH s BRICOKMX METPOJIIOTHUECKUX XapAKTEPUCTHUK UCCIICIOBAHUS BIIH-
sHUS nectadbunmsupyonmx gakropos Ha camu MTC. B uncne Takux 0CHOBHBIX (DAKTOPOB SIBISIETCS
temneparypa. MccnenoBanuto BinsHUs Ha OCHOBHbIE XapakrepucTuku MTC temneparypsl BHELTHEN

CpCAbl U MOCBALICHA JaHHAA pa60Ta.

AHanu3upyroTcs MeXaHu3Mbl BIUsAHUS Temneparypsl Ha MTC, 3aBUCMMOCTB UX XapaKTEPUCTHUK,
B YaCTHOCTH IPeo0paz0oBaTeIbHBIX TApaMETPOB C MO3ULIUN BO3ZMOKHOTO HCIIOIB30BAHUS B CEHCOpAX.
KuroueBble cJ10Ba: MAarHUTOUYBCTBUTEIbHBIE TPAH3UCTOPHBIE CTPYKTYPBI, MOITYIIPOBOJHUK,

TEMIEpATypa, MarHUTHOE T0JIE, CEHCOPbI

Beryn

Sk BiZIOMO, MarHiTOYyTJAUBI TPAaH3UCTOPHI
ctpykrypu (MTC), MOXKYTh BUKOPHCTOBYBATHUCS
SIK OCHOBA JUIsl CTBOPEHHSI CEHCOPIB MarHiTHOTO
noJisi. BomHOYac BijoMo, 10 XapaKTEPUCTUKHU
TaKUX CEHCOPIB 3HAYHOIO MIpOIO 3ajeXkaTh BiJl
nectabinizyrodoro BBy Ha MTC 30BHIIIHIX
YUHHHUKIB, & TAKOX BiJl iX KOHCTPYKTHBHO-TEX-
HoJIOTiYHUX pimensb [1-3]. Haitbinpm Baromum
BIUTMBOM Ha xapakrepuctuku MTC i, BingnoBina-
HO, Ha XapaKTEPUCTHKH CEHCOPIB € TEMITEPaTypa.
BrmuB i1 HACTIIBKHU IIOMITHUH, IO 3aJ€KHICTH
napametpiB MTC Big Hel MOXKYTh OyTH BUKOPHC-
TaHUMH TSI CEHCOPIB 1HIIMX (I3UYHUX BEITMYHMH.
JloCiIPKeHHIO BIUTMBY TeMIIepaTypu Ha Xapak-
tepuctuku MTC npucssiaeno psan pooit [4-8].
OnHak BOHU HOCATh HECUCTEMHUI XapakTep 1 pi3-
HATHCS IEBHUMHU BIZIMIHHOCTSMH Pe3yJIbTaTIB 1 HE
3aBXKIM MAIOTh JIOCTATHE TIOPIBHSIHHS 3 TEOPIEIO 1

30

MTOSICHEHHS IPUPOIN Ta MEXaHI3MIB TeMIIepaTyp-
HOTO BILTUBY. B naHiif po0OOTi CTaBUThCSA 3a7a4ya
IMOCJTIJOBHOTO 1 CHCTEMHOI'0 BUBUEHHS O3Haye-
HUX MMATAaHb 3 METOIO O1JIBIII TOBHOTO 3HAHHS TIPO
BILJIUB Temreparypu Ha xapaktepuctuku MTC.
OcHnoBHi enekrpodiznuni napamerpu (EDII)
MTC MoxHa IpeICTaBUTH (PYHKITISIMUA BHTY

a=f[0,(b/L)*g(alE, D)

S.=w[0,b u, t,E,, T

(1)
2)

Cepen BU3HAYAIBHUX BEJIIMUMH B 3aIMMCAHUX
BHpa3ax MOXKHA BHJIUTUTH IPUHITUIIOBO HE3MiHHI
B yaci (a, b, 0 ) 13maTHi 10 TaKoi 3MiHU T €0
30BHIIIHIX YMHHUKIB (E, 1, 7, T).

['onoBHMIA iHTEPEC MTPEICTaBIsIE HEKOHTPOJIBO-
BaHMI BIUIMB 30BHIIIHIX YUHHUKIB, OCKIJIBKH 00Y-
MOBJIEHa HUMU HecTa0u1bHICTh mapameTpis MTC
00MeKy€e MOMKIMBOCTI MiJBHUILEHHS PO3IIIBHOT
3[JaTHOCTI 110 MarHiTHOMY IOJIf0. Y TOM K€ Yac
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BHUJIA€THCS IUIIKOM OOTPYHTOBAHOIO MOXJIUBICTH
BHKOPUCTAHHS IUIECIIPSIMOBAHOTO KOHTPOIHOBA-
HOTO BIUTMBY IMX (DaKTOPIB K 3aC0O0Y MOTIMIICH-
HS TTapaMeTpiB CTPYKTYP.

C'_'[ CE

2h

Puc. 1. Moageas MTC 3 o0Me:keHOI0 023010

HaitBaxnuBimmm aectabinizyoduM 30BHIII-
HIM (akTopoM € Temieparypa. [HII MOXINBI
30BHIIIIHI BIUIMBU Ha HAIIBIPOBITHUKOBI CTPYK-
TypH MPUAHATO MOIIATH HA JBa KJIACH: Ti, IO
BHUKJIMKAIOTh HAKOMIMYEHHS 1 HeTaliHy BiJIIMOBI/I-
Hy peakiito. Bruineu nepmoi rpynu oOyMoBIieHi
atMocepHuMu GakTopamu (BOJOTICTh, THCK,
W Ta iH.) 1 0COOIMBUX MPOOJIEM HE BUKIIUKA-
I0Th, OCKLJIbKH 3BHYaifHa TepMETH3allis CTPYKTYP
JTO3BOJISIE TIPAKTUYHO TOBHICTIO BiJI HUX T030Y-
TUCS. BUHATOK U IIbOMY CTaHOBUTH pajiallis
SK MpUYMHA 1e(EKTOyTBOPEHHS B CTPYKTypax i
TeMIleparypa.

Takum unHOM, Temneparypa i paaiaiiiine Bu-
MIPOMIHIOBaHHS BUSIBIISIFOTHCS HAMOUIBII BaXKIIH-
BUMH 30BHIIIHIMU (aKTOpamMu. [X 3HAUMMiCTh
BHU3HAYAETHCS HE TUIBKU €()EKTUBHICTIO BILUIMBY
Ha MapaMeTpH Marepiany (a Juis TeMIeparypH -
11e i 6e3mocepeIHIM BIUIMBOM Ha XapakTep mepe-
HOCY HOCIIB 3aps/y), aje i BiICYTHICTIO J1€BUX
3aco0iB X ociiabneHHs (OYeBUAHO, 110 CUCTEMU
TEPMOCTATyBaHHS 1 paJIialliiiHi eKpaHU HE MOXYTh
BBAXKATUCS PAKTUYHO NPUHHATHUMU Il BUPO-
01B MIKpOETIEKTPOHIKH) .

3anexnicts mapameTpiB MTC Bix enexTpud-
HOT'O PEXUMY, 1110 BU3HAYAETHCS CYKYMHICTIO
KOHTPOJIbOBAHUX 30BHIIIHIX BIUIMBIB (3MiHM Ha-
MIPY>KEHOCT1 MPUCKOPIOIOUOTO TOJIS 1 CTPYMY eMi-

Tepa), MpeACTaBlsge caMOoCTiiiHui inTepec. Ls
3aJIEKHICTb, 3 OJIHOIO OOKY, BIIKPUBAE MOXKIJIU-
BICTh OCNTa0IeHHS HeOAKAHUX HEKOHTPOJIHOBAHUX
BIJIMBIB CXEMOTEXHIYHUMU 3ac00aMu 3a paxy-
HOK BBEJICHHS 3BOPOTHHX 3B'SI3KIB 1 PI3HOTO POy
€JIEKTPOHHUX CHUCTEM KOMIIEHcallli, a 3 1HIIOTOo
- MOX€ PaJMKaJIbHO BIUIMBATH HA CaM XapakTep
¢yukuionyBanHs MTC. Hanpuknan, npu neBHUX
ymoBax B aperipoomy MTC (IMTC) MoxyTh
BUHHUKATH aBTOKOJMBAHHSA K B 3BUYAHOMY JIBO-
06a30BOMY I10/Ii.

ToMy 3amaua JOCHII)KEHHS BIJIUBY TEMIIEpa-
Typu Ha napametrpu MTC, sikiit mpucBsueHa qaHa
poboTa, MPEACTaBISAETHCS aKTYaIBHOO.

TemnepaTrypHa 3aj1eXKHICTh NepeTBOPIO-
BaJIbHUX napametpis MTC

[Tpu po3misiai TemMrepaTypHOi 3aJIeKHOCTI KOe-
¢iuieHTa nepenaydl CUTHaILy CIiJl, CTPOTro KaXKyyH,
MaTH Ha yBa3l 3aJICKHICTh

a=v(D)*a'[0, (b/L)? g (a/E, T)], ©)

Je Vv - Koe(ilieHT 1HXKEeKIIi1 eMiTepHOTro Tepe-
xony (epeKTUBHICTb eMiTepa);

o'- koe(ilieHT mepeHeCceHHs 3apsaay. Tomy
IepIl 32 BCE PO3MIIHEMO MUTAHHS MPO 3aJIeK-
HicTh v (7).

st 00HOBUMIPHO20 TTHIMHOTO TPaH3UCTOPA 3
JTOBXHHOIO 0a3u W mae micre [9]

Comp Drg Lg 5 |14

Ly

v= 1+

. (4

Comn Pp Li

Jle 3HaUE€HHsI KOHLEHTpaliil - pIBHOBaXHI, a 1H-
Jekcu B 1 E BITHOCATH MapaMeTpH BiAOBIAHO 10
6a3u 1 emitepa. [Ticns nepexomy 10 KOHLEHTpaLii
OCHOBHMX HOCIIB Bupa3y (4) MOXXHa HaJaTu BU-
sy [10]

-1
V= 1+&th K (4)

PB Ly

VY BUMajaKy 3BUYAHOTO (IMiICHIIOI0Y0T0) Oimo-
JSIPHOTO TPAH3MCTOPA, K MPABUIIO, CIIPaBe IN-
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BO W << L,=>th(W/L,) << I, ToMy, HaBiTh
IpU p, = p, , ZOCUTH OOIPYHTOBAHO MPHIAMAETHCS
v~ [ = const (7). Y Hac e mepiia yMoBa MOe
He BUKOHyBaTHcs. CripaB/i, Matouu BiAMIOBITHO 710

2
W(u B) =u 1+(77—Luj (1+,u,:,, B?]u/L)2 ~

= %(14‘#; Bnu/L)

oyne W = nb’/L, . Jlns onTUMajJbHOIO 3Ha-
yeHHs b 3riguo [11] 26 = (4...5) L orpumyemo
W/L,= 6n. OckinbKu 7 3Ha4HO OiIbIIE OMHUIL,
ue pae th (W/L,) = 1, 1 ymoBa p, << p,3a1u-
IA€ThCS €MHUM (DAKTOPOM HE3aNeHKHOCTI V Bif
temreparypu. OJHaK, OCKITbKH BOHO Ha MPAKTHUIT
3a3BUYail BUKOHY€ETHCS, TO LIJIKOM CIPABEIJINBO
BBaXaTu 0. = o'

Hamu Oynu oTpumaHi eKCIepUMEHTaIbHI
TEeMITepaTypHi 3aJIeKHOCTI KoedirieHTa nepeaadi
ctpymy AMTC, ski nopiBHIOBanIUCA 3 po3paxo-
BaHMMH BiJITOBITHO JI0 MOJIEJI €KBIBaJICHTHOTO
JIHIHHOTO TPAH3UCTOPA JJISI CTPYKTYP, BUTOTOB-
JICHUX Ha OCHOBI 7-S1 3 MUTOMUM OMIOPOM OIT3BKO
100 - 200 Om*cMm 3a cTaHIAPTHOIO THIAHAPHOKO
TexHoJoriero. Ha puc. 2 mpencraBieHi Temie-
paTypHi 3a1eXHOCTI KoedilieHTa a B (hikcoBa-
HOMY MarfiTHoMy mouii. Bumipu npoBoguiucs
IpH TOCTIHHOMY CTPYyMI Yepe3 eNeKkTpon B, Tak
10 Harpyra Mk B, i B,, a 3 HuM - 1 E, 3mino-
BAJIMCS 3 TEMIIEPATYPOIO TIO 3aKOHY 3MIHH OTIOPY
Gasu: E 00 1/ (T). 31 3HMIKEHHAM TEMIIEpaTy-
pH B KIMHATHOT JI0 a30THOI CIIOCTEPIraeThCs
3pOCTaHHs @ 3 TEMIIEpAaTypHUM Koe]ilieHTOM
2=10,05+0.15% K"'. Hacriiibku 3Ha4Ha Temrepa-
TypHa 3aJ€KHICTh ¢ CBIIYUTH PO TE, 110 BU3HA-
YJaJIbHUM (aKTOPOM B JJAHOMY BUMAJAKY € 3MiHa
i Ji€0 TeMIepaTypu PyXJIUBOCTi, a HE Yacy
KUTTA (K Y MIICUITIOIOUNX TPAH3UCTOPaX 3 TOH-
KO10 0a3010).

TeopeTudyHi KpUBI pO3paxoBYyBaJUCS 3a

¢bopmyioro
o= 34 g*[@(ﬁj_@(@_a){ﬂ. ©)

32

03 — &

0.2 —

0.1

K

Puc. 2. TemneparypHi 3aJiexkHocTi koedinienra

nepenayi crpymy AMTC B marniTaomy nouJi. (1, 2,

3 - excriepuMeHTAJIbLHI KpuBi, 1, 2', 3’ - TeopeTnyHi.
1,1'-B=0.2Tun; 2,2'-B=0;3, 3'-B=0.2 Tn)

TemmnepaTypHa 3aJI€KHICTh TPHUCKOPIOBAHOTO
TOJIsl BPaXOBYBaIacs BiIMOBIAHO 10 BUSHAYCHHS

BenuunHn y, = b—/2a¢ /E,. Ins pyxmaBoc-
i npuiimanocs u (T) = u (T ) * (T /T)) -2.42;
1 (293) = 500 cm? / (B*c). Yac *uTTs AipOK mpU
KIMHaTHIM TeMIepaTypi BU3HAYaI0Cs BUMIpOM
7, = 7 (293) = 3.76 MKC, a HOTO 3aI€XKHICTh Bif
TEeMIIepaTypy BpaxoByBajlacs BiJOMUM CHiBBiJ-
HOLICHHAM

n, + n,

Iy + Py

T (T) = (1 (7)

B HpumnymierHi p, << n,= 10%cm. [lns Benuuu-
Hu 7, B (7) eHEPreTUYHA BIICTAHD BiJl IACTKH JIO
piBHs @epmi npu Temneparypi 0 K npuitmanocs
piBauM 0.05 eB, a TemniepaTypHHii Xif IbOTO PiB-
HS1 BPaXOBYBAaBCS SIK

0p (1) =9, (0)-9%10* T (eB),

10 HAOJIMKEHO Y3TOKYEThCS 3 [9].
l"apne, sk BUAHO 3 pUC.2, Y3TOJKEHHS TEO-
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PETHUYHUX PE3YIbTATIB 3 €KCIIEPUMEHTAIbHUMU
BKa3y€ Ha MPUHHATHICTh MO €KBIBAJICHTHOTO
JT1HIHHOTO TPAaH3UCTOpA JJIA MPAKTUYHOTO BU-
KOPHCTaHHS TPHU aHaJli31 TeMIepaTypHUX 3aJIexK-
HocTell enekTpodiznunux napamerpis AMTC.
3MeHIeHHs KoedillieHTa repenadi 3 pPOCTOM TeM-
nepaTrypH CBIIYMTS MPO Te, 10 HOTO TeMIIepaTyp-
Ha 3aJI€KHICTb 00YMOBJIEHA B HAILIOMY BHIIAJIKY
PYXJIMBICTIO, @ HE YaCOM KUTTSL.

Hamu npoBeneHo ynucenbHUil po3paxyHoOK 3a-
JICKHOCTI BiJI MarHiTHOTO TIOJISI PI3HMII KOJICK-
TopHUX cTpyMiB JIMTC, BUTOTOBIIEHUX HAa OCHOBI
n-KpeMHiIo 3 mutoMuM oropom p = 100 Om*cm,
B niana3oHi temmeparyp 173-333 K Ha ocHOBI
PIIIICHHS eITINTUYHOTO PIBHIHHS O€3MepEePBHOCTI.
ExcnepuMeHTanbHui TeMrepaTypHHui Koediri-
€HT PI3HUII KOJIEKTOPHUX cTpyMiB npu B = 0.1
Tn B oOnacti MO3UTUBHUX TEMIIEPATyp CTAHOBHUB
0,39% K, a 3 moHmKEHHSIM TeMIIepaTypu B Jia-
na3oni 173 - 300 K 3pocras g0 1,07% K'. Bua-
CITITIOK OLJTBII 3HAYHOTO 3POCTAHHS PYXJIMBOCTI B
BHCOKOOMHOMY KpeMHIii 3 TOHMKEHHSIM TeMIIe-
parypu, HDXK 3MEHILEHHS TpH ii MiIBUILEHHI, 5K
eKCIIEpUMEHTAJIbHUI, TaK 1 TEOPETUYHHI TeMIie-
parypHi kKoe(illieHTH B OCTAHHBOMY BUIIAJIKy Ma-
I0Th MEHIIIE 3HaueHHs. Kpim Toro, 3 TOHKEHHAM
TEeMITepaTypu 301IbITYETHCS KyT XO0JUIa, 1 MOBHUH
MEPepO3NOILT 1HKEKTOBAHUX HOCIIB 3apsay Mix
KOJIEKTOPaMH BiJIOYBAETHCS 711 MEHIIIUX 3HAYEHB
MAar"iTHOTO MOJISL, HiK JJIsl BACOKUX TEMIIeparyp.

OcCKiIbKM BUCOKUM TeMIIepaTypam BiIOBigae
MEHIIHNK KyT X0Jj1a, TO HACUYEHHS 3aJ1€KHOCTI
BHUXIJTHOTO CHUTHAJy BiJ MarHiTHOTO TOJS Bif-
noBigae Oinpmie 3HadueHHs B. OTxe, 3 pocTom
MAarHiTHOI'O MOJISL SIK PO3PaxyHKOBI, TaK 1 eKcrie-
pUMEHTANIbHI TEMTIEpaTypHi KOe(illi€HTH B Jiara-
30Hi1 173 - 300 K 3MeHIIyroThes, a A7 iHTEpBaIY
300 - 333 K - 36unbmrytotecs (puc. 3).

MaxkcumanbHi X TIEePEePO3NOIIIH MOTOKY 1H-
’KEKTOBAHMX HOCIIB 3aps/y 31 3MIHOIO TeMIepary-
PH 3MILIYIOTHCS B3/I0BXK KOJIEKTOPHUX MEPEXO/IiB
B 3QJIC)KHOCTI BiJl 3MiHM KyTa BIIXWUJICHHS HOCIiB
3apsily B MarHiTHOMY TOJI 31 3MiHOIO PYXJIMBOCTI
B TemneparypHomy iHTepsaini 173 - 333 K (puc.
4). HaiiGinpie 3HaYCHHSI MaKCUMaJIbHUX Tepe-
PO3MOLTIB BIAMOBIIa€ HU3BKUM TeMIIepaTypam.
OTpumaHi pe3ynbTaTu BKa3ylTh Ha IepeBary
MPOTSKHUX KOJIEKTOPIB Mepe] KBa3iTOUCUHUMU
[12].

Hamu mocnimxyBaBcst BIUTHB TeMIIepaTypu Ha
BUX1JIHI xapakTtepuctuku JIMTC B 3anexHocTi
BiJl BJIaCTUBOCTEH MaTepialy, 3 SIKOTO BUTOTOBIIE-
Ha cTpykrypa (puc. 5). 3pasku [IMTC, Buroros-
JIeH1 3 BUCOKOOMHOTO KpeMHito 3 p = 100 Om*cm
(puc. 5, xpuBa 1) MarOTh BUCOKY MarHiTOYyT/IH-
BICTb, aJIeé MAlOTh BUCOKUN TeMIepaTypHHH KO-
edimient Buxignoro curnany (A = 1.58% / K)
B MOPIBHSHHI 31 CTPYKTYpaMH, BUTOTOBJICHUMHU
Ha HU3bKOOMHOMY KpPEMHIi IPH MPH OJTHAKOBUX
pexumax podoru. TemnepaTypHuil koedilieHT
JAMTC, BUTOTOBIEHHX 3 HU3BKOOMHOIO (p =
10 OM*cM) MOHOKPHCTAJIIYHOTO KPEMHIIO Bif-
noBigae 4 = 0.4 % /K (xpuBa 2, puc. 5), a nus
JIMT, BUTOTOBJICHHX Ha eImTaKCiadbHIM IUTIBII 3
p =3 Om*cwm, orpumano 4 =0.23 % / K (kpuBa
3 Ha puc. 5). Maraitouytnusicte JMTC, Bu-
TOTOBJICHHUX Ha €MiTaKCciaIbHOMY 7-KpeMHii y 1.5
pasu BUILE, HXK HA MOHOKPHCTAJII, @ TEMIIeparyp-
HUN KOe]iIl€HT BUXIAHOTO curHainy B 1.75 pas3u
MEHIIIE.

12 — aglswpa/AT, % /K
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Puc. 3. 3ajexnicTs TeMnepaTypHoro koedimienra

KojgekTOpHuX cTpymiB JMTC Bix maruiTHoro

monsi: (1,2-T=173K;3,4-T=333K ({1, 3 -
PO3PaxyHKoOBi, 2, 4 - eKCIIePUMEeHTAJIbHI KPUBi)
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&Se, Tat

u} 1 | 1 1
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Puc. 4. PospaxyHkoBa 3a/1eKHICTh KOOPAMHATH
JIISIHKH MAKCMMAJbHOI MarHiTOYYTJIMBOCTI Bil
TeMIepaTypu
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5. 3anexuicTs MarnitouyrauBocti JIMTC Bin
TeMmepaTypH JJisl pi3HUX MaTepiaiB

1 — BucokooOMHUN KpeMHil, 2 — HU3bKOOMHUT

KpeMHil, 3 emiTakciaJbHa miIiBKa

IIpupoaa i TeMnepaTrypHa 3ajie;KHICTh 3a-
JHMIIKOBOro curnaJy apeigosux MTC

Hamu nipoBeneno gocnimxenss [13] Mmoxu-
BHX NMPUYHH BUHUKHCHHS 1 XapakTepy Temrepa-
TYpHOI 3a71€KHOCTI 3aiumKkoBoro curany (3C)
JIMTC. Sk Buano 3 (1), mis Benmuuunu 3C, Bij-
HECEHOT JI0 CTPyMy eMiTepa, CIpaBeJInBO

Aa=a,-a,=f[0,(b, /L), g(a/E,T)]-
10, (b, /L, g (a,/ Ey, T)], (7)

ne iHAeKcH 1 12 BITHOCATH TapaMeTpH J0 PI3HUX
HOJIOBUH 0a3M BIIHOCHO OC1 CUMETPii, IPUIOMY,
SIBHUH BUIIIsA QyHKIIT g €

g@/E,T)=ap,/(LE)=q. (8

Takum ynHOM, 3C MOKE€ BUHUKHYTH 3 HACTYTI-
HUX IPUYUH:

34

- TEOMETPUYHA ACUMETPis - PI3HOBIATATICHICTh
emirepa Bij KoekTopis (b #b,);

- HEOJJHOPIAHICTh Marepiany 6asu (L # L)

- KOMOiHOBaHa reOMETPUYHA 1 ENEeKTPUYHA
aCUMETpIis - MOEAHAHHS HEOJAHOPITHOCTI eJIeK-
TPUYHOTO TTOJIS 1 BIAMIHHOCTI JJOBXKHH KOJIEKTOPIB
(a,/E, #a, E)).

V 3aralbHOMY BUTAJIKy BIUTHB T€OMETPUIHOT
acumetpii Ha BenuunHy 3C Moke OyTH JIETKO BU-
3HAYEHO PO3B’SI3KOM MapalboiiuHOro piBHIHHS
0e31mepepBHOCTI

2
Jeas T 277L8—C = 277Lﬂ;fBa—C -C=0
ox oy

0y

3 TAaKUMHU K TpaHUYHUMU ymoBamu C (x, 0) =
C (x,2b) =0 1 1M04aTKOBOIO YMOBOIO, III0 Bpa-
XOBY€ 3MIIIIEHHS eMiTepa BiIHOCHO OCI CUMETPii
CTPYKTYpH Ha BETUYHHY S. TOJi ISl BITHOCHOTO
3MiLLEeHHS & = s / b 3aMiCTh

)

0 : y<(1-6)b

C(0,y)= CoeXp{EH(y_b)} , (1-0)b< y<(1+0)b
0 o , (1+0)b< y

(10)

y BIJICYTHOCTI MarHiTHOTO TIOJIS MOJKHA 3arucaTu

0, y<(1+h-6)b
C,»=1C, (1+h-0)b< y<(1+h+0)b
0, (1+h4+60)b< y,

(1D

Po3B’s13yr0un mocTaBieHy B Takuii criocio 3a-

a4y, OTPHMY€EMO:
b ap
1- |2l r
exp{ [ck Lz]szJ

(c,L/b)*+1
(12)

a(h) =

2 0
L —> sin(c¢,0)sin[c, (1+ )]
0b S
OueBUAHO, O KPUTEPIit

b

b
R < — arcet
K 7l o
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30epirae cuity i B JaHOMY BHUIAIKy. Buznauatoun
ternep 3C sk

Aa = o (h)-a(0) (13)

JUIA €KBIBAJICHTHOI'O MarHiTHOTI'O IOJII MAEMO

1je)

" S | al0) (1

UwucenbHa ominka 3rigHo (14) Ha ocHOBI (12)
MoKasaja, 1o Ipu 3HaYCHHsX /1 mopsiaky 1072
BEJMYMHA 1HIYKIIIi €KBIBAJICHTHOTO TIOJISl CTaHO-
BUTH coTHI ['c. Taki » BeJIMUUHU ch BUXOIATH B
eKCIIEpUMEHTI [l Hepo30paKOBaHHUX 3Pa3KiB
CTPYKTYP 3 MKKOJIEKTOPHOIO BiICTAHHIO TIOPSIJIKY
JeCSTKIB MiKpoH. OTXe, TeOMETpUYHA aCUMETPIs
MOYKE PO3IVISLIATHCS SIK BOYKJIMBA MPUYMHA 3aJTUIII-
KOBOTO CUTHAIY.

B npunnumi, (12) moxe OyTH BUKOPUCTAHO
1 JUI BU3HAYEHHS TEMIIEPATYPHOI 3aJIE€KHOCTI
3C. OnHak TpyaHOII, MOB'S3aHl 3 BU3HAYCHHIM
BIJIMIHHOCTI MiX L ; 1 L, He 03BOJISIIOTH BUKO-
PHUCTOBYBATH ITF0 MOXKITUBICTh Ha MPAKTHII B pa3i
HEOJHOPiAHOT 0a3W 1 3MYIIYIOTh IIYKATH 1HIIII
MO>KJTUBOCTI.

PosmisitHeMo BHITaIOK BEITUKOT MPOTSIKHOCTI
KOJIEKTOpiB a = E, L* / ¢ = 2 nL, axuii € onTu-
MaJbHUM B CEHCI OTPUMAaHHSI BHCOKOI MarHiTo-
yyTiauBocTi. [Ipyu npomMy MexaH13M BIIXWICHHS
TIPOSIBIIIETHCS Y BUIVISI €PEKTY MOIYJIAIIT eek-
THUBHOI JIOBXXUHU 0a3H, 1 3aJIC)KHICTh o (a 3HAYUTh
1 4o) BiA BETUUYMHU ( BUSIBIISIETHCS HE3HAYHOIO.
OTKe, HE3HAYHOIO BUSBJISETHCS 1 3aJI€KHICTD Bil
aiE ), T00TO BiJl TPETHOI 3 MEPEPAXOBAHUX BHILE
MOXXJIMBUX NpUYuH BUHUKHEHHs 3C, Tak 110 1H-
Tepec Terep MpeACTaBIse Juie 3anexHicTb 3C
Bif BenimuuH 6 i b/ L. Xapakrep Takoi 3aJIeKHOCTI
HaCTyIIHUH.

Jns b/ L << 1 BUSABISAETHCS CIPABEITUBUM
BHpa3

2
o (B) _;{1(ij*|:;(lz]}’z(0)+;(lz] PO o B+ 9’7/1:'/'3}

(15)

sika HaOyBae B pasi B = 0 Bunsiny

1. 1(b)
a=— 1——(zj P0) ]|, (16)

2 2

ne, sk 1 suiue, P (6) :%02 -0+1.

OdeBuIHO, IO JIJIS BPaxXyBaHHS Majoi reome-
TPUYHINA acCUMETpii 3aMiCTh 3CYBY eMiTepa BiJIIo-
BiZTHO 10 (9) MOXKHA PO3IISIIATH 3MIIIICHHS OTHOTO
3 KOJIEKTOPIB y310BX oci OY Ha JesKy BiJICTaHb
Ab. Toni, BBaxaroun L = (L, + L)/ 2, maemo nyis
3C, 00yMOBJICHOTO Bi/IIOBITHO AaCHMETPI€IO 1 HEO-
JTHOP1THICTIO:

oa Ab
A oar—Ab=(1-2a)—; 17
b0 ( )b (17)
oa AL
A,ax—AL=(1-2a)—, 18
L&ro ( )L (18)

nedL =1L, -L,

BuaHo, 110 B nepiioMy BHIAAKY TeMIIEpaTyp-
Ha 3ayekHICTh 3C BU3HAYAETHCS 3AJICKHICTIO O
(T), B IpyroMy - TaKOX 1 3aJICXKHICTIO BiJ| TeMIIe-
parypu criBBigHOmEHHIM AL/ L. OCTaHHE BaXKO
MiTa€THCS OLIIHII, e, HEXTYIOUYH B 3aJI€KHOCTI

L(T) = u(De,v(T) 3MiHAMH Yacy KUTTA T ,

SIK1, TAal0Th HE3HAYHHUI BKJIAJ] B 3aJIeKHICTE o (1),
1 BpaxoByIO4H, 10 TEMIIEpATypHA 3aJIC)KHICTh
NOOYTKY £ MA€ CTENEHUH BUIIIA, B TEPLIOMY
HaOIMKEHH1, BBAYKAIOUW TIOKA3HUKH CTYTICHS PiB-
HUMH 11 000X TTostoBuH 6a3u JIMTC moxHa BBa-
xatu AL /L = const (7), 1110 BUTUTMBAE B IIbOMY
BUMajaky 3 (17) criBBiIHOIICHHS

Aa 1,1,
1-2a [1,-(I,+1,)

= const(T), (19)

n00pe MATBEPKYETHCS SKCIIEPUMEHTOM (TIPH-
HaliMHI, B CTAHJIapTHOMY JIJIsI KPEMHI€BHUX JaT-
4yKiB Jianazoni remmeparyp — 40...100°C), moxe
OyTH BUKOPHUCTAHO HA TIPAKTUIII [T TEMITePaTyp-
Hoi kommneHcaiii 3C. Takum 9rHOM, XapakTep
TeMreparypHoi 3anekHoCTi 3C BUSBISIETHCS O
HAKOBHM JJIs1 000X BUMAJIKIB BUHUKHEHHS [IHOTO
CUTHAITy 1 BU3HAYA€THCS TEMIIEPATyPHOIO 3aJIEK-
HICTIO o
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Ap
Apaz(1—2a)7, (20)

1e p - akTop, 3 AKUM 3B'SI3YETHCS HASBHICTH BU-
nukaenns 3C (b abo L).

Buxopucrosyroun B = =
PHETORIOM P ™ g T o s,

i npuiimMarouu S, = S,/ 2 3rigHO 3

S =2 y:,ffn% , OTPHMYEMO:

Ap
* . (21
» (21)

3 ananizy (21) BumHO, 1110 TpH 33JaHOMY BiJI-
HOCHOMY 3HaueHHi 30yprorouoro dakrtopa Ap/p
BC/INYHMHA B, MOHOTOHHO 3DOCTA€ 3 POCTOM b 16
(3 ormsly Ha MOHOTOHHE 3HKKEHHS P)) 1 3MEHIIy-
€THCS 3 POCTOM L, 3B1IKM BUIUIMBAIOTH BiIMOBITHI
JI0JaTKOBI YMOBH IIOJI0 ONITHUMIi3allii KOHCTPYK-
IHHO-TEXHOJOTIYHUX MapaMeTpiB ApeiihoBux
MTC B ceHcCl NiABHUILECHHS PO3MOAIIBHOI 3/1aT-
HOCTI IO MarHiTHOMY 1oo. OTHOYacHO TUM ca-
MHUM TIATBEPIKYETHCS PABOMIPHICTH Ha MTOYATKY
npuiHATOr0 HabMKeHHs b/L << 1.

BucHoBku

Pesynbratu nociuigkeHb MOKa3aiu, Mo A
MPAaKTUYHOTO aHAJli3y TEeMIIEpaTypHHX 3aJIeKHOC-
tel enekrpodiznunux nmapamerpis JIMTC miskom
MPUHHATHOIO € MOJIEITb €KBIBAJICHTHOTO JIIHIHHOTO
TPaH3HUCTOPA.

Buxingni xapakrepuctuku [IMTC Bu3zHauaroTh-
Csl BIACTUBOCTSIMU MaTepiaiB, 3 SKUX BUTOTOBIIE-
Ha CTPYKTypa. 30KpemMa BUCOKOOMHHUH KpeMHI
Ma€ BHCOKY MarHiTOYYTJIUBICTh, ajie 1 BUCOKUU
TemIreparypHuil koeilieHT BUXiHOTO CUTHAILY
B TTOPIBHSHHI 31 3pa3KaMy 3 HU3bKOOMHOTO KpPeM-
HilO.
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UDC 621.382
DOI: https://doi.org/10.18524/1815-7459.2020.1.198924

TEMPERATURE INFLUENCE ON THE MAGNETIC
SENSITIVE TRANSISTOR STRUCTURES PARAMETERS

M. A. Glauberman, Ya. 1. Lepikh
Odesa I. I. Mechnikov National University
Dvoryans’ka str., 2, Odesa, 65082

Summary

Semiconductor magnetosensitive transistor structures (MTS), as investigations have shown can
be the basis of effective magnetic field sensors, as well as sensors of other physical quantities. How-
ever, the practical such sensors application requires high metrological characteristics to investigate the
effect of destabilizing factors on the MTS itself. Among the basic these factors is temperature. Its influ-
ence is so noticeable that the dependence of the MTS parameters on it can be used for sensors of other
physical quantities. A number of papers have been devoted to the study of the temperature influence
on the MTS characteristics. However, they are non-systemic in nature and differ in the results, and do
not always have sufficient comparisons with the theory and explanation of the nature and mechanisms
of temperature influence. This paper sets out the task of a consistent and systematic these problems
study in order to optain stronger knowledge of the temperature effect on the MTS characteristics.

The experimental and theoretical temperature dependences of the drift MTS (DMTS) current
transmission coefficients in the magnetic field, the coordinate of the maximum mangitosensitivity site
dependence on temperature, and the dependence of the DMTS mangitosensitivity on temperature for
different materials are given.

The mechanisms of the temperature influence on the MTS, their characteristics dependences, in
particular, the conversion parameters from the point of view of possible use in sensors, are analyzed.

Keywords: magnetosensitive transistor structures, semiconductor, temperature, magnetic field,
sensors
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VIK 621.382
DOI: https://doi.org/10.18524/1815-7459.2020.1.198924

BIIJINB TEMIIEPATYPU HA TAPAMETPU MATHITOYYTJIMBUX TPAH3UCTOPHUX
CTPYKTYP

M. A. ITaybepman, A. 1. Jlenix
Opnecbkuii HaioHaIbHUH yHiBepcuTeT imeHi [.I. Meununkoga,
ByJ. JIBOpsiHChKa, 2, Oneca, 65082

Pegepar

HamiBripoBiiHUKOBI MarHiTouyTuBi TpaH3uctopHi cTpykrypu (MTC), sik mokazanu 10CiiKeH-
HS1, MOKYTh OyTH OCHOBOIO €(DEKTHBHUX CEHCOPIB MAarHITHOTO TIOJIs, & TAKOXK CEHCOPAaMU 1HIINX (i3uy-
HUX BenuurH. OHaK NpaKTHYHE 3aCTOCYBAHHS TAKMX CEHCOPIB BUMArae Juist 3a0e3MeYeHHs] BUCOKUX
METPOJIOTTYHUX XapaKTEPUCTHK TOCIHIJKEHHS BIUIUBY JecTallni3yrounx YMHHUKIB Ha cami MTC.
B uucii 0CHOBHUX TaKMX YMHHHUKIB € Temreparypa. BrumB ii HaCTUIbKM MOMITHUH, 110 3aJIEKHICTh
napameTpiB MTC Bix Hel MOXKYTh OyTH BUKOPUCTAHUMH JIsl CEHCOPIB 1HIINX (PI3MUHUX BEIUYHH.

JlocaipkeHHIo BIUTMBY Temreparypu Ha xapakrepuctuku MTC npucssueHo psg po06itT. OgHak
BOHM HOCSITh HECUCTEMHHH XapakTep 1 pi3HATHCS IEBHUMH BiIMIHHOCTSIMH PE3YNbTATIB 1 HE 3aBXKAU
MaroTh JJOCTaTHE MOPIBHIHHS 3 TEOPIEIO 1 MOSCHEHHS MPUPOAN TA MEXaHI3MiB TEMIIEPATypPHOTO BILIHBY.
B naniif poOOTi cTaBUTHCS 33a4a MOCIIJOBHOTO 1 CHCTEMHOTO BUBUYCHHS O3HAYCHUX MMUTaHb 3 METOIO
OLITBIII TOBHOTO 3HAHHS MPO BIUIMB TeMIeparypu Ha xapakrepuctuku MTC.

HaBonsThest TemneparypHi eKCIIepUMEHTaJIbHI 1 TEOPETUYHI 3aJIeKHOCTI Koe]illieHTiB mepe-
naui crpymy B npeiiposux MTC (JAMTC) B MaraiTHOMY 10JIi, 3aJI€KHICTh KOOPAUHATH TIISHKA
MaKCHMaJIbHOI MarHiTOYyTJIMBOCTI Bil TEMIIEPAaTypH Ta 3aiexHicTh MarHitouyTmBocTi IMTC Bin
TeMIeparypu Ui Gi3MYHUX MaTepiatiB.

AHani3yl0ThCcs MEXaHi3MU BIUTUBY Temneparypu Ha MTC, 3alexHICTh 1X XapaKTEepPUCTHK, 30-
Kpema MepeTBOPIOBAIBHUX MApaMETPiB 3 MO3UIIH MOXKIMBOTO BUKOPUCTAHHS B CEHCOPAX.

KurouoBi cj10Ba: MarHiTouyTiaMBi TPAaH3UCTOPHI CTPYKTYpPH, HAIIBIIPOBIIHUK, TEMIIEpATypa,
MAarfiTHe IoJie, CCHCOPH
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SENSING COOPERATIVE ELECTRON-GAMMA-NUCLEAR EFFECT
IN MULTTIATOMIC MOLECULES AND ITS APPLICATION

A. V. Ignatenko, A. V. Glushkov, O. Yu. Khetselius, Yu. Ya. Bunyakova, A. A. Svinarenko
Odessa State Environmental University, L’vovskaya, 15, Odessa, 65016, Ukraine
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SENSING COOPERATIVE ELECTRON-GAMMA-NUCLEAR EFFECT
IN MULTTIATOMIC MOLECULES AND ITS APPLICATION

A. V. Ignatenko, A. V. Glushkov, O. Yu. Khetselius, Yu. Ya. Bunyakova, A. A. Svinarenko

Abstract. Nowadays, the cooperative spectral effects for polyatomic molecules in the external
field of laser radiation are of great interest for sensor and quantum electronics, molecular spectros-
copy. When a nucleus in a molecule absorbs or emits a photon, then it is possible changing the elec-
tron, vibrational and rotational energy of the molecule, and then the so-called cooperative electron-
vibrational-rotational-nuclear transitions take place. The spectrum of a molecule contains a set of
electron-vibrational-rotational-nuclear satellites, the appearance of which is caused by a change in
the state of a molecular system interacting with a photon. This paper presents the first quantitative
data on the probability of vibrational -nuclear transitions in the case of the radiation spectrum and
absorption of the '**Re nucleus (E = 186.7 keV) in the ReO, molecule. It seems that the cooperative
electron-gamma-nuclear effect in the spectra of polyatomic molecules can be used as a basis for the
creation of new techniques and practical implementations of molecular sensors.

Keywords: sensor, multiatomic molecules, electron-gamma-nuclear effect
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JAETEKTYBAHHSA KOOIIEPATUBHOI'O EJIEKTPOH-TAMMA-AJAEPHOI'O E®EKTY
JIJII BATATOATOMHUAX MOJIEKYJI TA MO0 3ACTOCYBAHHS

I’ B. Ienamenxo, O. B. Itywrxos, O. FO. Xeyeniyc, FO. A. bynsakoea, A. A. Ceunapenxo

AHoTauif. 32 TeNepilHFOTO Yacy BEIMUE3HHM IHTEPEC ISl CCHCOPHOI Ta KBAHTOBOT €JIEKTPO-
HIKH, MOJICKJIIPHOI CIIEKTPOCKOITi TOIIO BUKJIMKA€ BUBYCHHS KOOTIEPATUBHUX CIIEKTPAIbHUX €(]eK-
TiB B 0araroaTOMHHMX MOJIEKYJaX Yy 30BHIIIHBOMY ITOJIi JIA3€PHOTO BHIIpOMiHIOBaHHA. Komu siapo B
MOJICKYJIi MTOTJIMHAE 200 BUIPOMIHIOE (DOTOH, TO € MOKITUBUM 3MIHCHHSI JICKTPOHHOI, KOJUBAIBHOI
Ta 00epTAIBHOI CHEePTii MOJIEKY/IH, 1 1ajli MalOTh MICIIE TaK 3BaHI KOOIIEPATHBHI EJIEKTPOHHO-KOJIH-
BaJIbHO-00epTaIbHO-s/IepHI mepexonu. CIeKTp MOJEKyJId MICTHTh Halip eleKTPOH-KOJUBAIBLHO-
00epTabHO-AICPHUX CYIYTHHKIB, IOSIBA SKAX 3yMOBJICHA 3MIHEHHSIM CTaHy MOJICKYKJISIPHOI CHC-
TEMH, 110 B3aemoie 3 poroHom. B nmaniii poOoTi mpeacTaBieHi nepiri KUTbKICHI JaHi moao HMOoBip-
HOCTEH KOJIIMBAIBHO-SJICPHUX MEPEXOIB Y BUMAJIKY CIIEKTPY BHIIPOMIHIOBAHHS Ta TOIIMHAHHS SIpa
'"Re (E = 186.7 keB) y monexyini ReO,. IIpencrapiserses, 0 KOONEPaTHBHHUI €1€KTPOH-TaMMa-
saaepHuil e(heKT y crieKTpax 6araroaTOMHUX MOJIEKYJT MOKEe OyTH BUKOPUCTAHHMN SIK OCHOBA JUISI CTBO-
PEHHS HOBHX METOIMK Ta MPAKTUYHUX peasTizalliii MOJICKYIIPHUX CEHCOPIB.

KuirouoBi ciioBa: ceHcop, 6araroaToMHi MOJIEKYIH, €NEKTPOH-TaMMa-sIIEPHAN €(PEeKT

JETEKTUPOBAHUE KOOIIEPATUBHOI'O QJIEKTPOH-TAMMA-AJEPHOI'O
IDDEKTA I MHOTI'OATOMHBIX MOJIEKYJI U ETTO IIPUMEHEHHUE

A. B. Uenamenxo, A. B. [iywkos, O. FO. Xeyenuyc, FO. A. Byusakosa, A. A. Ceunapenko

AHHoTanus. B HacTosiiee Bpemsi OrpOMHBIN MHTEPEC ISl CEHCOPHOM M KBAHTOBOMW 3JIEKTPO-
HUKH, MOJEKYJISIPHOM CHEKTPOCKOIMM U T.J. BbI3BIBAET M3yUYEHHUE KOONEPATHBHBIX CIIEKTPAJIbHbBIX
5 PEeKTOB B MHOTOATOMHBIX MOJIEKYJIaX BO BHEIIHEM IIOJIE JIa3epHOTO u3inydeHus. Korma sapo B
MOJIEKYJIE TOTJIONIACT WIIM U3ITydaeT (OTOH, TO CTAHOBHUTCS BO3MOXKHBIM M3MEHEHHE IICKTPOHHOM,
KoJIe0aTeIbHON U BpalllaTesIbHOM 3HEPTUH MOJIEKYJIbL, U JaJIbLIIE UMEIOT MECTO TaK Ha3bIBAEMBbIE KO-
OllepaTUBHbIE AIEKTPOHHO-KOJIE0aTeIbHO-BPAIaTEIbHO-sII€pHBbIE ITepexoibl. CHEKTP MOJIEKYIbI CO-
JIEPKUT HAOOp UIEKTPOH-KOJIeOaTeIbHO-BpaIaTeNIbHO-SIIEPHBIX CITyTHUKOB, IOSIBIIEHUE KOTOPBIX
00YCIIOBIIEHO U3MEHEHHUEM COCTOSTHUSI MOJIEKYKJIIPHOU CHCTEMBI, B3aUMOACHUCTBYIONIEH C (POTOHOM.
B nanHoii paboTe npecTaBlieHbl IEPBbIE KOJIUYECTBEHHBIE JaHHBIE O BEPOSTHOCTAX KOJIeOaTeIbHO-
SJICPHBIX MEPEXO/IOB B CIIEKTPe H3IydeHus u nornouieHus sypa '*Re (E = 186.7 k3B) B Monekyne
ReO,. IIpencrapisercs, 4To KOONEPATUBHBIM 3JIEKTPOH-TaMMa-s1E€PHBIA SQPEKT B CIEKTPax MHOIO-
aTOMHBIX MOJIEKYJI MOXET OBITh MCIIOJIB30BaH KaK OCHOBA ISl CO3/IaHUSI HOBBIX METO/IMK M MPAKTH-
YECKUX pean3aluil MOJIEKYISIPHBIX CEHCOPOB.

KuroueBble cjioBa: CeHCOp, MHOTOATOMHBIE MOJIEKYJIbI, AEKTPOHHO-TaMMa-sAepHbI 3¢ dexTt
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1. Introduction

Currently, one of the promising areas of a sen-
sor electronics, atomic, nuclear and molecular
spectroscopy and physics is creating atomic/mo-
lecular sensors to detect different compounds or
phenomena. There are various types of molecular
sensors, and, as a rule, the principles of their work
are based on certain physical or chemical proper-
ties and phenomena (c.g., [1-20]). Being investi-
gated the possibility of creating a molecular sensor
of the concept of "electronic nose" — type analyzer
vapor substances in the air is based on organic
sensory polymer composites. A great interest at-
tracts study of the cooperative molecular spectral
effects for multiatomic molecules in an external
laser radiation field [21-31]. Really, any alteration
of the molecular state must be manifested in the
quantum transitions, for example, in a spectrum
of the y -radiation of a nucleus of some molecular
system. When the nucleus in the molecule absorbs
or emits a photon, then it is possible changing the
electronic, vibrational and rotational energy of
the molecule, and therefore electronic-vibration-
al-rotational-nuclear transitions occur. Of course,
the intensity of additional satellites is determined
by the probability of such composite transitions
for the core in a molecule” system. By changing
the population of excited states of an atom or
molecule by laser radiation, it is possible, firstly,
to control the intensity of cooperative transitions
and, secondly, to create new transitions that are
shifted to the long-wavelength side relative to the
absorption line and to the short-wavelength side
relative to the gamma-emission line. In fact it is
possible to transfer a part of the nuclear energy to
an atom or molecule under radiating (absorption)
the y quanta by a nucleus (c.g., [21-31]). A spec-
trum contains a set of the electron-vibration-ro-
tation satellites, which are due to an alteration of
the state of system interacting with photon. The
mechanism of forming satellites in the molecule
is connected with a shaking of the electron shell
resulting from the interaction between a nucleus
and y quantum.

Studying the co-operative dynamical phenom-
ena due to interaction between atoms, ions, mol-
ecule electron shells and nuclei nucleons is now
one of the quickly developing directions in a mod-

ern molecular spectroscopy and quantum electron-
ics [27, 28]. A consistent quantum- mechanical
approach to calculation of the electron-nuclear y
transition spectra of a nucleus in the multiatomic
molecules has been earlier proposed [23-28]. It
generalizes the well-known approach [21, 22] by
Letokhov and Minogin, who firstly indicated on
the rich cooperative electron-gamma-molecular
quantum physics. Estimates of the vibration-nu-
clear transition probabilities in a case of the emis-
sion and absorption spectrum of nucleus '%¥Os in
the OsO, and "'Ir in the IrO, were earlier listed
[23-26]. In this paper we present the first accurate
data on the vibration-nuclear transition proba-
bilities in a case of the emission and absorption
spectrum of the nucleus '*Re (E(°>y= 186.7 keV)
in the ReO,. We believe that the cooperative elec-
tron-gamma-nuclear effect in spectra of multia-
tomic molecules can be used as a basis for creat-
ing new methodises and practical realizations of
effective molecular sensors.

2. Theoretical treatment of cooperative
electron-gamma-nuclear effect in multiatomic
molecule

As the method of computing is earlier pre-
sented in details [22-24], here we consider the
key topics only. Hamiltonian of interaction of the
gamma radiation with a system of nucleons for the
first nucleus is expressed through the co-ordinates
of nucleons r " in a system of the mass centre of
one nucleus: H(r ) = H(r, )exp(—iky u), where kY
is a wave vector of the y quantum; u is the shift
vector from equality state (coinciding with mol-
ecule mass centre) in a system of co-ordinates
in the space. The matrix element for transition
from the initial state “a” to the final state “b” is
presented as:

<Y, |H|¥,>e<¥, |e"" |V, > (1)

where a and b is a set of quantum numbers, which
define the vibrational and rotational states before
and after interaction (with y quantum). The first
multiplier in (1) is defined by the vy transition of
nucleus and is not dependent on an internal struc-
ture of molecule in a good approximation. The 2™
multiplier is the matrix element of transition from
the initial state “a” to the final state “b™:
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Ma= < \P;(Fe)lwa(re)> .<\PI:(R15R2)|87”\}R1|lPa(RI’RZ)>

2

The expression (2) gives a general formula for
calculating the probability of changing the internal
state of molecule during absorption or emitting y
quantum by a nucleus. It determines an intensity
of the corresponding y-satellites. Their positions
are fully determined as:

0
E =E"+R+hkyt(E,-E,)

Here M is the molecule mass, v is a velocity
of molecule before interaction of nucleus with y
quantum; £ and E are the energies of the mole-
cule before and after interaction; £ is an energy of
nuclear transition; R is an energy of recoil:

R = [(E/"]/2Mc’.

One can suppose that only single non-generate
normal vibration (vibration quantum Z®) is excit-
ed and initially a molecule is on the vibrational
level v =0. If we denote a probability of the cor-
responding excitation as P(v,, v ) and use expres-
sion for shift u of the y -active nucleus through
the normal co-ordinates, then an averaged energy
for excitation of the single normal vibration is as
follows [22,23]:

E = iha)(w KIP(v,0)—hoo/2 :ihw(er%)P(v,O)fha)/Z =

' . heo 1 (M—mj
S e -——=_R )
o V! 2 2 m 3)

where z = (R/ hw) [M — m/m] cos* 9, and m is
the mass of y-active nucleus, 9 is an angle be-
tween nucleus shift vector and wave vector of y
-quantum and line in £, means averaging on
orientations of molecule (or on angles 9). To es-
timate an averaged energy for excitation of the
molecule rotation, one must not miss the molecule
vibrations as they provide non-zeroth momentum
L=k usin3, which is transferred to a molecule
by y -quantum. Assuming that a nucleus is only
in the single non-generate normal vibration and
vibrational state of a molecule is not changed
v =v,=0, one could evaluate an averaged energy
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for excitation of the molecule rotations as follows:

E = <BTZ> =5L *(u?)sin® 9= )4 R(B/ho)[(M —m)/m]
4)

A shift u of the y -active nucleus can be ex-
pressed through the normal co-ordinates Q, of
a molecule:

1
= z 5
u 'm ~ bSO'QSU ( )

where m is a mass of the y - active nucleus; com-
ponents of the vector b of nucleus shift due to
the o-component of “s” normal vibration of a
molecule are the elements of matrix b [27, 32-37];
it realizes the orthogonal transformation of the
normal co-ordinates matrix Q to matrix of masses
of the weighted Cartesian components of the mol-
ecule nuclei shifts g. Further M(b,a) is rewritten as
multiplying matrix elements on molecule normal
vibration, which takes contribution to a shift of
y - active nucleus:

>- (6)

Usually wave functions of a molecule can be
written for non-degenerate vibration as:

Mb,a)=]] <va [T exp( ik b0, /~m)w,

v, )=, Q).

for double degenerated vibration as

)=+ Yo, (©0,)®, (©,)

VsG,, V56, VSG,

(where v_ + v _ =) and analogously for triple
degenerate vibration. In the simple approximation
function ®v_ (Q_) can be chosen in a form of the
linear harmonic oscillator one. More exact calcu-
lating requires a numerical determination of these
functions. Taking directly the wave functions

b

a
vS

VS> and >, determination of the matrix ele-
ment (6) is reduced to calculation of the matrix
elements on each component ¢ of the normal
vibration.




Sensor Electronics and Microsystem Technologies 2020 —T. 17, Ne 1

3. Results and conclusions

Below we present the advanced data on the vi-
bration-nuclear transition probabilities in a case of
the emission and absorption spectrum of nucleus
186Re (E<°)y = 186.7 keV) in the molecule ReO,.
Note that the main difficulty during calculating
(6) is connected with definition of the values b
of the normalized shifts of y -active decay. It is
known that if a molecule has the only normal
vibration of the given symmetry type, then the
corresponding values of b _ can be found from
the well known Eckart conditions, normalization
one and data about the molecule symmetry. For
several normal vibrations of the one symmetry
type, a definition of b_ requires solving the sec-
ular equation for molecule |GF-4 E|=0. We have
used the results of advanced theoretical calculat-
ing electron structure of the studied system within
an advanced relativistic scheme of the density
functional method (c.g., [27, 32, 38]). In table 1
we list the results of calculating probabilities of
the first several vibration-nuclear transitions in a
case of the emission and absorption spectrum of
the nucleus '*Re (E‘O)Y = 186.7 keV) in the mol-
ecule ReO,.

In conclusion let us note that by changing
the population of excited states of an atom or
molecule by laser radiation, it is possible, firstly,
to control the intensity of cooperative gamma-
transition and, secondly, to create new gamma-
transitions that are shifted to the long-wavelength
side relative to the absorption line ( E, + R)and to
the short-wavelength side relative to the gamma-
emission line(E, — R).

Table 1
Probabilitites of the vibrational-nuclear
transitions in spectrum of the ReO,

Vibration transition —
vewi—vhv) Poveye—vivh
0,0 — 0,0 0.74
1,0 — 0,0 0.014
0,1 — 0,0 0.067
1,0 — 1,0 0.68
0,1 — 0,1 0.61

Laser radiation can excite atoms or molecules
with a specific projection of the speed of motion
in the selected direction (the direction of the light
wave), i.e. change the equilibrium distribution of
particle velocities at levels associated with the
laser field. As it was indicated by Letokhov, one
could prepair the excited molecule moving with
a velocity v,.., which is determined by the opti

cal resonance condition koV pes = W—W,, wkere

ko is a wave vector of a laser wave, v, is a
frequency of a laser field and w, is a frequency
of molecular transition.
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Summary

One of the promising areas of sensor electronics, molecular spectroscopy and physics is the
creation of molecular sensors for the detection of various compounds or phenomena, and, as a rule,
the principle of operation of a molecular sensor is based on certain physical or chemical properties
or effects. Nowadays, the cooperative spectral effects for polyatomic molecules in the external field
of laser radiation are of great interest. When a nucleus in a molecule absorbs or emits a photon, then
it is possible changing the electron, vibrational and rotational energy of the molecule, and then the
so-called cooperative electron-vibrational-rotational-nuclear transitions take place. The spectrum of a
molecule contains a set of electron-vibrational-rotational-nuclear satellites, the appearance of which
is caused by a change in the state of a molecular system interacting with a photon. This paper presents
the first quantitative data on the probability of vibrational -nuclear transitions in the case of the radia-
tion spectrum and absorption of the '**Re nucleus (E = 186.7 keV) in the ReO, molecule. It seems that
the cooperative electron-gamma-nuclear effect in the spectra of polyatomic molecules can be used as
a basis for the creation of new techniques and practical implementations of molecular sensors.
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Pedepar
OnHi€0 3 TEPCIEKTUBHUX 00JIaCTel CEHCOPHOI €JIEKTPOHIKH, MOJIEKYIISIPHOI CIIEKTPOCKOIIIT €
CTBOPEHHS MOJICKYJIIPHUX JATYMKIB JUIsl BUSIBICHHS PI3HUX CIIONYK ab0 SBUIL, IPUYOMY, SIK ITPABH-
JI0 IPUHIUIT pOOOTH TOTO UM 1HIIIOTO MOJIEKYISPHOTO CEHCOopa 0a3yeThesl Ha MEBHUX (PI3MUHUX YU
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XIMIYHUX BIACTUBOCTAX a00 epekrax. 3a TenepiuIHbOro Yyacy BEIUYEe3HUH 1HTEpeC BUKIUKAIOTh KO-
OTIEpaTHBHI CHEKTpasibHI e(heKTH sl GararoaTOMHUX MOJIEKYI Y 30BHIIIHBOMY TIOJII JITA3€PHOTO BH-
npomiHioBaHHs. Koiu si1po B MOJIeKyJi MOTTHHAE 200 BUMPOMIHIOE (DOTOH, TO € MOXKITMBHM 3MIHEHHS
€JIEKTPOHHOI, KOJIMBAIBHOT Ta 00epTaIbHOT €HEePTii MOJIEKYIH, 1 1aji MaloTh MiCIle TaK 3BaHi KOOIIe-
paTUBHI €NEKTPOHHO-KOIUBAIbHO-00epTaNbHO-epH1 nepexonu. CeKTp MOJIEKYIH MICTUTh HaOip
€JIEKTPOH-KOJIUBAJIbHO-00€pTaNbHO-ICPHUX CYIyTHHUKIB, ITOSIBA IKUX 3yMOBJICHA 3MIHEHHSIM CTaHy
MOJICKYKJISIPHOT CHCTEMH, 110 B3aeMojie 3 poToHOM. B maHiit po6OTi nmpencTaBiieHi nepii KilbKicHi
JlaHi 1010 KMOBIPHOCTEHN KOJIMBAJIbHO-AICPHUX TIEPEXO/IB Y BUMAKY CIEKTPY BUIIPOMIHIOBAHHS Ta
nornuHanHs aapa '*Re (E = 186.7 keB) y monekyini ReO,. Ilpencrapnserses, mo KoonepaTuBHUi
€JIEKTPOH-TaMMa-sACPHHUN €(EeKT y CeKTpax 6araroaTOMHHUX MOJIEKYJI MOXke OyTH BUKOPUCTAHUH SIK
OCHOBA I CTBOPEHHSI HOBUX METO/MK Ta MPAKTHUHUX peaji3aliil MOIeKyIIpHUX CEHCOPIB.
Kurouosi ciioBa: cencop, 6araroaToMHi MOJICKYIH, EKTPOH-TaMMa-sIIEPHUN €(hEeKT
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___,[ TA MIKPOCHCTEMHI TEXHOAOr 1T

Ilepuie ingpopmayiiine nogioomnenns

‘:.D

PUTA MIKPDS'J_,

25 - 29.05. 2020
ODESA

MiHicTepcTBO OCBITH 1 HayKH YKpainu, Binainenns ¢isuku i acrpoHomii Hanionanbsnoi akagemii Hayk Ykpainu, Haykosa paza 3
npobiemu “@i3uka HaMiBIPOBIIHUKIB Ta HAMIBIPOBIAHUKOBI npucTpoi” HarionanbHoi akaaemii Hayk Ykpainu, YKpaiHCbke
(izuune ToBapucTBo, [lepkaBHuii poH QyHAAMEHTANEHUX AOCTIKHD, AKa/IeMis HayK BHIIOT IIKOJIK YKpainu, [HCTUTYT disuku
HamiBnpoBiaHukiB iM. B.€. JlamkapeoBa HAH VYkpainu, Onecskuii HamioHansHuit yHiBepceuTeT iMeHi 1. . Meunukoga,
MixBimoMunii HayKOBO-HaBUanbHUM (i3uko-Texniunuii nenrp MOH i HAH VYkpainu

NpoOoBOAATH

9-ty Mi’kHapoaHy HAYKOBO-TEXHiYHY KOH(]epeHIliro
“CeHcopHa eJIEKTPOHiKa Ta MIKpOCHCTEeMHI TeXHOJIOTii”

(CEMCT-9)

(3 BHCTABKOI0 PO3P00OK Ta NMPOMMCIOBUX 3pa3KiB ceHCOPIB)
“CEMCT-9”, Ykpaina, Ogeca, 25 —29 tpaBusa 2020 p.

Memoro xougepenyii ma gucmaegku € po3ensd 0ocseHens y yill 2any3i i mupoke 002080peHHsl CYyYacHux npooiem

Y PI3HUX HANPAMAX CEHCOPIKU

Kongpepenyis npucesuyemos 155* piuuio Odecokoeo nayionanvhozo ynieepcumemy imeni .1 Meunuxosa

T'onoBa kondepenmii npopecop Cmuntuna B.A.(Oneca, Ykpaina)
3actynuuk ronosu akagemik HAHY BeasieB O.€. (KuiB, Ykpaina)
3actynHuk roynosu npodecop I’Amiko A. (Pum, Itanis)
3actynHuk roiosu uieH-kopecrionaeHT HAHY Jlutouenko B.I'. (Kuis, Ykpaina)
VYuennii cekperap npodecop Jlenix S.1. (Oneca, Ykpaina)

IIporpamMumii KomiTeT

T'onosa nporpamuoro komitety npo¢. CmunTrHa B.A.

Broucekwii I.B. wi.-xop. HAHY (Kwuis,
VYkpaina)
Bpomuu M.C. akan. HAHY (Kuis,
VYkpaina)
Bepounskuit B.I'. npod. (Kui, Ykpaina)
Bikynin .M. npod. (Oxneca, Ykpaina)
I'punbos b.B. akan. HAHY (Kuis,
VYxpaina)
i Harane K. npod. (Pum, Itamnis)
[3snesnu C.B. (KuiB, Ykpaina)
Hpyxunin A.O. mpod. (JIeBiB, Ykpaina)
€nncpka [.B. akag. HAHY (Kuis,
VYkpaina)
IBacummu O.M. akag. HAHY (Kuis,
VYkpaina)
Inpuenko M.YO. akax. HAHY (Kuis,
VYkpaina)
Kanamnukos O.M. npod. (Hortunrem,
Benuka bpuranis)
Kusix b. P. npoo. (Kuis, Ykpaina)
Knanpko B.I1., wn.-kop. HAHY (Kwuis,
VYkpaina)

Kosanenko O.B. npod. (Auimpo ,
VYkpaina)
Kopbyrsk [JI.B. mpod. (Kuis, Ykpaina)
Jlenkos C.B. npod. (Kui, Yxpaina)
JInntouesa O.B. npod. (KuiB, Ykpaina)
JlokteB B.M. akan. HAHY (Kuis,
VYkpaina)
Ma fAoxonr npod. (xunan, KHP)
Mengins A. npod. (Pura, JlaTsis)
Menbuuk B.I1. mpod. (Kuie, Vkpaina)
Mopanre [Ix. P. npod. (bapcenona,
Icnanis)
Mysuka K.M. (XapkiB, Ykpaina)
Huxwupyit JI.I. npog.. (IB.-PpaHKiBCBK,
VYkpaina)
IIpoxonenko 1.B. npod. (Kuis, Ykpaina)

Ps6uenko C.M. win.-kop.HAHY (Kuis,
VYkpaina)
CuzoB @.D. un.-xop. HAHY (Kuis,
VYkpaina)

CxpumeBcbkuii B.A. mpo¢. (Kuis,
VYkpaina)
Cninuenxo M.IL npod. (Xapkis,
VYkpaina)
Crapony6 M.®. npoo.
(KuiB, Ykpaina)
Crorsiit B.C. x.1.1. (KuiB, Ykpaina)
Craxipa .M. npoo. (JIbBiB, Ykpaina)
Crpixa M.B. mpod. (Kuis, Vkpaina)
Crpoucekuit O.B., 1.¢.-m.H. (KuiB,
VYxpaina)
Tiriasny 1. akaa. (Kummais, Momnnosa)
Txau M.B. npod. (UepHnisii, Ykpaina)
Ieperiii €. mpod. (Kenrys, [Tonbmia)
IHogenon XK-M. npod. (Llenekc,
Dpanuis)
Sxumenko 10.1. akan. HAHY (Kuis,
VYxpaiHa)
Sy B.M. npod. (Kuis, Vkpaina)
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Opranizaniiinuii KomiTeT:

Jlemix S1.1. — romosa Bakcman 10.® Kioce M.
Bopak B.A. — cexperap Beprenic K.O. Hinyk [0.A.
banaban A.Il. Binincbka JLM Terusikosa [.B.
bpurascbkuii € B. 3aroscbka HLIL dinescrka JI.M.
Bynisiacbka JI.M. Isamuenxo LO.

IlonepenHiii CNUCOK 3aNPOIIEHUX JIONOBiIAYIB

benses O.€. (KuiB, Ykpaina) Kop6yrsax JI.B. (KuiB, Ykpaina) Cwmunruna B.A (Opeca, Ykpaina)
brnoncexkuii I.B. (KuiB, Ykpaina) Jlenix S1.1. (Oneca, Yxpaina) Crapony6 M.®.(KuiB, Ykpaina)
I'opaienko 10.0. (Xapkis, Ykpaina) JIurosuenxo B.I'. (KuiB, Ykpaina) Tkau M.B. (YepiBui, Ykpaina)
Hzsanesnu C.B. (Kuis, Ykpaina) Mengine A. (Pura, JlaTBis) ogenon XK-M (Llenexc, @panmus)
Hpyxwunin A.O.(JIsBiB, Ykpaina) Menbnuk P. npo¢.(Barepnoo, Kanana) Ieperiii €. (Pxeurys, [Tosbiia)
€nbepka ['.B. (Kuis, YkpaiHa) CuzoB @.®. (Kuis, Ykpaina) Imunescekuii €. M. (MiHcbK, Binopycs)
Kanamnukos O.M. (Hortunrem, Ckpuescokuit B.A. (Kuis, Ykpaina) Suryx B.M. (Kuis, Vkpaina)

Benuka Bpuranis)

Mpumitka. CnHCOK 3anpolIeHNX I0MOBiTaviB MoKe OyTH I0NOBHEHUIH

HaykoBi Hanpsimu koHdepeHmii:

. ®i3nyHi, XiMiuHi Ta iHII ABHIIA, HA OCHOBI IKUX MOXYTbh OyTH CTBOPEHI CEHCOpH
. IIpoekTyBaHHs; Ta MaTeMaTHYHE MOJICIIOBAHHS CCHCOPIB

. CeHcopu ¢i3NYHHUX BEITHYHH

XiMi4HI ceHcopH

. Biocencopu

. Papiariiiai, onTHYHI Ta ONTOEIEKTPOHHI CEHCOPH

. AKyCTO@JIEKTPOHHI CEHCOPH

. Hanocencopu (¢i3uka, Matepiain, TeXHOJIOTis)

. Cercopu Ta iH(OpMaIiiiHi cuCTEMH

10. Marepianu st ceHCopiB

11. TexHomnoriyHi mpodieMu CeHCOpPiB

12. Mikpocucremni texnounorii (MST, LIGA-texHoorist T2 iH.)
13. Jlerpamamisi, METPOJIOTisl Ta aTECTALlisl CEHCOPIB

NI I N N N

Tesu nonoBijei OyxyTh BUIaHI epe/t oYaTkoM poOOTH KOH(EPEHIIii.
Bumoru 1o te3

O0cHr Te3: 0J]Ha TIOBHA CTOPiHKA, 3aIIPOILCHI JOMOBIl — JBi.

Tesu peneH3yroThes. B Te3ax MaroTh OyTH MMOKa3aHi aKTyaJIbHICTh 3a/1a4i, OTPUMaHI HAyKOBO-TEXHIUHI pe3yJIbTaTH Ta iX
HOBH3HA.
Texcr nabuparyu Ha apkyui Gopmary A4 3 momsimu: siBe — 3,0 cM, pemra no —2,5 cm B penakropi WinWord mpudrom Times
New Roman. Ha3pa — :kupuum mpugrom 14 pt, npi3suiia aBropis -12 pt, iHpopMmaliis, sika CTOCYETbCS Miclisi poOOTH aBTOPIB 1
azpeca — KypcuBoM 12 pt, Bce 10 LEHTpY, TeKeT — 12 pt. Mix psakamu oquH iHTepBai. Cepen aBTOPIB NiIKPECIUTH JONOBI1aya,
0a)kaHO MOro IOCTABHTH Ha IIEpIIe Micle, OCKUIBKH JUCTYBaHHSA Oyne BecTHCS 3 IepmiuM (200 MifKPecIeHUM) aBTOPOM.
Hancunatu Te3u Ta peecrpauiiiHi (OpMH Ha KOXKHOTO CIIBaBTOpa ENEKTPOHHOIO MOWITO Ha e-mail semst-9@onu.edu.ua
Dopmynu Habupatu y penakropi gopmyn MS Word Equation abo MathType. Bei minmucu BcepenuHi pHCYHKIB, a TaKOX
(bopMyiH TOBUHHI OyTH MPHPTOM BeTHINHOIO 12 pt.

YmoBu ny6Jikauii Te3, npuitHaTux [IporpaMHnM KoMiTeToM:
- cIiaTa oprBHecKy (oxep:kaHe OpPrkoMiTeTOM HMiNTBEep/UKEHHS i3 BKA3aHUM NpPi3BHIIEM YYACHUKA, IONOBiIaYa) y
BU3HAYeHUi B iHpopManiiiHOMy MOBiTOMIIeHH] TepMiH;

Bin onHoro aBTopa npuiiMaeTncs He OiJIbIIE JBOX Te3.

3a peKOMEHJAIli€I0 IPOrpaMHOr0 KOMITETY NONOBiAl y (opMari cTaTTi MOXKYTh OyTH OIyOJiKOBaHI y MiXKHApOIHUX
(haxoBHX HAyKOBO-TEXHIYHHUX XypHaiax: “CeHCOpHa eJeKTPOHIKa 1 MIKPOCHCTEMHI TeXHOJIOoTIT”, “@oToeNneKTpoHika”.

PoOoui MmoBU KOHepeHwii: ykpaiHcbKa, aHIIilicbKa, pocilicbka
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OpranizaniiHuii BHECOK 32 Y4acTh B KOH()epeHIii CTAHOBUTH

JUIS yYaCHUKIB 3 YKpaiHu — 500 rpH. ($ o Kypcy Ha IeHb PO3PaxyHKY)
Juist yaacHukis 3 CHJJ — 700 rpH. ($ Mo Kypcy Ha IeHb PO3PaxyHKY)
3 IHIIUX JepxaB — 1000 rpH ($ 110 KypCy Ha JIeHb PO3PaxyHKY)

IUTSL CYTIPOBOLKYFOUNX 0oci6  — 250 rpH ($ mo Kypcy Ha JeHb PO3PaxyHKY)

CyMma oprBHecKy BkaszaHa 3 BpaxyBaHHsM [1/]B.
Jlns acnipaHTiB OPrBHECOK CTaHOBUTH 50% BiJ BKa3aHOTO BHIIIE.
Jnst uneHiB YKpaiHCBKOTo (i3HIHOTO TOBAPUCTBA, IO CIUIAYYIOTh WIEHChKI BHECKH, HAIAEThCS 3HIDKKA OprBHecKy Ha 10 %.

BucraBka

VYuacTs y BucTaBIi Oe3komTOBHA. 3asBKa HA y4acTh y BUCTaBLi mopaeThes 10 30.03.20 i moBHHHA MiCTHTH KOPOTKHH
OITHC EKCIIOHATIB i HCOOXITHUX YMOB €KCIIOHYBaHHSI.

OcHoBHi 1aTn KoHdepeHuii:

[puiiom peecTpauiiHUX KapTOK, T€3 IOMOBiAeH

1 3aBOK Ha y4acTh Y BUCTABII 10 30.03.2020
27 inopMariiiHe NOBiJOMIIEHHS o 15.04.2020
[Ipuitom opreaecky mo 15.05.2020
Peectpauis i po3MillieHHS YYaCHUKIB 25.05.2020

[lonaTkoBa indopmanisn

1. Opeca Mae mpsiMe CIIOJTy9eHHS 3 OaraTbMa KpaiHaMH CBITY:
— asiapeiicu: Bapmasa, Binens, CtamOyn, Xakida Ta iH.
— zamisHung: bepnin, Bapmasa, MiHCBK Ta iH.
—  Mopchkwuii TpaHcniopt: CtamOyi, Xaiida Ta iH.
— aBroOycu: Bapcenona, bepxnin, Bapmasa, pesaen, Jlion, Jliccabon, Manpun, Mapcens, Mionxew, [Tapnx, [Ipara
Ta iH.

2. TlpoKuBaHHS YYaCHUKIB IJIAHYETHCS B TOTEJSIX, CAHATOPIT Ta B TYPTOXKUTKAX yHiBepcutery. Y M. Ojeci B el yac Termio i
CyX0, CEpelHs TeMIepaTypa MOBITps cTaHoBuTh 22-25°C, MpaIooTh 30HK BiAMOUMHKY Ha Gepesi Mops. ILmaHyeThes
KyJbTYpHa IpPOrpaMa, B paMKax sKoi Oakarodi 3MOKYTb O3HAHOMHTHCS 3 BU3HAUHMMHM Ham'atkamu OnecH, 3MiHCHUTH
MOPCHKY IPOTYIISHKY Ta iHIIIe.

Crnoncopu kKoH(epeHUii Ta opraxizaniiiHa NiATpUMKa

Js ¢ginancoBol NiATPUMKH KoH(pepeHii 3anpoIy0ThCs CIOHCOPH fIK 3 YKpaiHu, Tak i 3 3akopaoHy. Cnioncopu

OyayTh cHemiaJbHMM YHHOM (32 Oa:kaHHsIM — 3 iX TOBapHHM 3HAKOM YM JIOTOTUNIOM) BKa3aHi B iHdopmauniinux
MaTepiajiax KoH@epeHuii, 110 NpU3HAYeHi J18 PO3CHIKH B OilbLIicTh KpaiH cBiTy (Olablie 3 THCAY a0OHEHTIB, y TOMY
yucai oineme 500 ¢ipm i opranizamiil) i Bkazani Ha caiiTi koH(epeHuii. 3 Mpomo3uUissMH 3BepTATHCH 32 HAIIMMH
PeKBi3UTAMHU.

A,ggeca JJIA IUCTYBAHHSA

MHHO®TII, Oprkomirer “CEMCT-9”,

Opecbkuii HalliOHANBHUH YHIBepcuTeT iMeHi .1.MeunukoBa

ByJL. JIBOopsiHCBKa, 2, M. Oneca, 65082, Ykpaina,

ten./akc +38(048)-723-34-61, Jlenix Spocnas Ly

E-mail: semst-9@onu.edu.ua, ndl_lepikh@onu.edu.ua

JlonarkoBo: iHdopMalrist mpo KoH(pEpeHIito po3MilieHa Ha BeO-CTop:
http://semst-9.onu.edu.ua/
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Call for papers

Ministry of Education and Science of Ukraine, Department of physics and astronomy of the National academy of sciences of
Ukraine, Scientific Council of NASU on the problem "Physics of Semiconductors and Semiconductor Devices", Ukrainian Physical
Society, the Academy of sciences of the higher school of Ukraine, V.E. Lashkaryov Institute for Semiconductor Physics of NASU,
Odesa I. I. Mechnikov National University, Interdepartmental scientific-educational physics and technical centre of

MES and NAS of Ukraine

Hold

9" International Scientific and Technical Conference “Sensor Electronics and
Microsystem Technologies (SEMST-9)”

(with the Exhibition of sensor developments and industrial samples)
“SEMST-9”, Ukraine, Odesa, May 25 — 29, 2020

The aim of the conference and the exhibition is to review achievements in the field and to discuss modern problems in various

branches of Sensorics.

The conference is dedicated to the 1552 anniversary of the Odesa II. Mechnikov National University

Chairmen Prof. V.A. Smyntyna (Odesa, Ukraine)

Vice-chairmen NASU Academician A.E. Belyaev (Kyiv, Ukraine)

Vice-chairmen Prof. A.D'Amico (Rome, Italy)

Vice-chairmen NASU corresponding member V.G. Litovchenko (Kyiv, Ukraine)
Scientific secretary Prof. Ya.l. Lepikh (Odesa, Ukraine)

Program committee:

Chairmen of the Program committee Prof. V.A. Smyntyna

Blonsky I.V. NASU Cor. Memb. (Kyiv,
Ukraine)
Brodin M.S. Acad. NASU (Kyiv, Ukraine)
Chovelon G.M. Prof. (Cedex, France)
Di Natale C. Prof. (Roma, Italy)
Druzhynin A.O. Prof. (Lvov, Ukraine)
Dzyadevich S.V. (Kyiv, Ukraine)
El’skaya A.V. Acad. NASU (Kyiv,
Ukraine)
Grynyov B.V. Acad. NASU (Kyiv,
Ukraine)
1I’chenko M.Yu. Acad. NASU (Kyiv,
Ukraine)
Ivasyshin O.M. Acad. NASU (Kyiv,
Ukraine)
Kalashnikov A.N. Prof.

(Nottingham, United Kingdom)
Kiyak B.R. Prof. (Kyiv, Ukraine)
Klad’ko V.P. NASU Cor. Memb. (Kyiv,

Ukraine)

Korbutyak D.V. Prof. (Kyiv, Ukraine)
Kovalenko A.V. Prof. (Dnipro,
Ukraine)
Lenkov S.V. Prof. (Kyiv, Ukraine)
Linyucheva O.V. Prof. (Kyiv, Ukraine)
Loktev V.M. Acad. NASU (Kyiv,
Ukraine)
Ma Yaohong Prof. (Jnan, China)
Medvids A. (Riga, Latvia)
Mel’nik V.P. Prof. (Kyiv, Ukraine)
Morante J.R. Prof. (Barcelona, Spain)
Muzyka K.M. (Kharkov, Ukraine)
Nykyruj L.I. Prof. (Ivano-Frankivs’k,
Ukraina)
Prokopenko I.V. Prof. (Kyiv, Ukraine)
Riabchenko S.M. NASU Cor. Memb.
(Kyiv, Ukraine)
Sizov F.F. NASU Cor. Memb. (Kyiv,
Ukraine)
Skrishevskiy V.A. Prof. (Kyiv Ukraine)

Slipchenko M.I. Prof. (Kharkov,
Ukraine)

Sheregiy E. Prof. (Rzeszow, Poland)
Starodub M.F. Prof. (Kyiv, Ukraine)
Stakhira .M. Prof. (Lvov, Ukraine)
Strikha M.V. Prof. (Kyiv, Ukraine)
Stognii V.S. (Kyiv, Ukraine)
Stronskiy O.V. Dr.Sc. (Kyiv, Ukraine)
Tiginyanu I. Acad. (Kyshyniv,

Moldova)
Tkach M.V. Prof. (Chernivtsy,

Ukraine)
Verbitskiy V.G. Prof. (Kyiv,

Ukraine)

Vikulin I.M. Prof. (Odesa, Ukraine)

Yakimenko Yu.l. Acad. NASU (Kyiv,
Ukraine)

Yashchuk V.M. Prof. (Kyiv, Ukraine)
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Organizing committee

Lepikh Ya.l. — chairman Filevskaya L.M. Teplyakova L.V.
Borschak V.A. — secretary Ivanchenko 1.0. Vaksman Yu.F.
Balaban A.P. Kiose M. Vergelis K.O.

Britavskii E.V. Nitsuk Yu.A. Vilinskaya L.V.
Budiyanskaya L.M. Zatovskaya N.P.

The preliminary list of invited speaker

Belyaev A.E. (Kyiv, Ukraine) United Kingdom)

Blonsky 1.V. (Kyiv, Ukraine) Korbutyak D.V. (Kyiv, Ukraine) Shpilevskiy E.M. (Minsk, Belarus )
Chovelon G.M. (Cedex, France) Lepikh Ya.l. (Odesa, Ukraine) Skrishevskiy V.A. (Kyiv, Ukraine)
Druzhynin A.A. (Lvov, Ukraine) Litovchenko V.G. (Kiev, Ukraine) Smyntyna V.A. (Odesa, Ukraine)
Dzyadevich (Kyiv, Ukraine) Medvids A. (Riga, Latvia) Strikha M.V. (Kyiv, Ukraine)
El’skaya A.V. (Kyiv, Ukraine) Melnik R. (Waterloo, Kanada) Starodub M.F. (Kyiv, Ukraine)
Gordienko Yu.O. (Kharkov, Ukraine) Sizov F.F. (Kyiv Ukraine) Tkach M.V. (Chernivtsi, Ukraine)
Kalashnikov O.M. (Nottingham Sheregiy E. (Rzeszow, Poland) Yashchuk V.M. (Kyiv, Ukraine)

Comment. The list of invited speakers may be extended

Tentative key topics:
. Physical, chemical and other phenomena, as foundations for sensor developments
. Sensor design and mathematical modeling
. Physical sensors
. Chemical sensors
. Biosensors
. Radiation, optical and optoelectronics sensors
. Acoustoelectronic sensors
. Nanosensors (physics, materials, technologies)
. Sensors and information systems
10. Sensor materials
11. Sensor technology problems
12. Microsystems technologies (MST, LIGA-technology and others)
13. Sensor degradation, metrology and certification

O 03N WA W —

The Book of abstracts will be available at the conference registration.

The requirements to the abstracts
Absracts are reviewed. In abstracts the urgency of the problem, the received scientific and
technical results and their novelty should be shown.
The one-full-page abstract (two-page for the invited authors only) should be printed in black print on white paper (format
A4) and formatted as follows: the left margin 3 cm, others — 2,5cm. The recommended font is “Times New Roman”. Center the
title (capital letters, bold, 14 pt). One blank line. The authors’ names (normal font, 12pt), their affiliation(s), postal address and
e-mail address for the corresponding author (italic, 12 pt). Underline the speaker among the authors. Please mention the
corresponding author first. Leave one line blank. The font size for the main text is 12 pt, single interval spacing. Please send
your abstracts and pre-registration form for each author on e-mail - semst-9@onu.edu.ua. The preferred equation editor is MS
Equation editor, 12 pts font size. The font size for figure captions is 12 pts.

Conditions for the publication of theses accepted by the Program committee:
- conference fee payment (received by the Organizing Committee confirmation with the indication of the participant or the

lecturer surname) in the specified in this information term;

No more than two abstracts will be accepted from one author.

The papers selected by the Program committee may be published in special issue of international scientific journals:
“Sensor Electronics and Microsystem Technologies®, "Photoelectronics".

Conference working languages are Ukrainian, English, Russian
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Conference fee:

Participation in the Conference is subject to the payment of the following Conference fee:

For participants from Ukraine — 500 UAH (8 at the rate at date of calculation)
For participants from CIS — 700 UAH (8 at the rate at date of calculation)
For participants from another countries — 1000 UAH ($ at the rate at date of calculation)
For accompanying persons — 250 UAH (8 at the rate at date of calculation)

Conference fee includes VAT at 20%
Postgraduate students receive a 50% discount from the above fees.
Members of the Ukrainian Physical Society receive 10% discount from the above fees.

The Exhibition

Participation in the exhibition is free of charge. The application form for participation in an exhibition must be given till
30.03.20 and should contain the short description of exhibits and conditions necessary for exhibiting.

Important dates of the conference:

Deadline for Registration forms and abstracts..................... 30.03.2020
The 2-nd announcement 15.04.2020
Deadline for payment..............ooeiviiiiiiiiiiiiniiiiiiieninnn, 15.05.2020
Participant registration and accommodation 25.05.2020

The additional information

Odesa has direct connection with many cities:
- air traffic: Istanbul, Haifa, Vienna, Warsaw etc.
- the railway service: Berlin, Minsk, Warsaw etc.
- sea transportation: Istanbul, Haifa etc.
- bus traffic: Barcelona, Berlin, Dresden, Lyons, Lissabon, Madrid, Marseilles, Munich, Paris, Prague ets.

The participant accommodation is planned in hotels, sanatorium and hostels of the University. It is warm and dry in Odesa at
the time of the conference, the average air temperature is 22-25° C. Beaches and recreation facilities are available at the seashore.
Within the framework of the cultural program participants will be able to acquaint themselves with outstanding sights, monuments
and museums of Odesa, and participate in a see trip and the other.

Conference Sponsors and organizational support

Sponsors from Ukraine and abroad are invited for financial support of the Conference. The sponsors will be
acknowledged in a special way (by their request - with a trade mark or logotype) in information materials intended
for distribution in many countries and specified on a conference site.

Please submit your proposals to the Conference Organizing Committee.

Address for correspondence:

ISEPTC, Organizing committee "SEMST-9",

Odesa I. I. Mechnikov National University.

2, Dvoryanskaya str., Odesa, 65082, Ukraine,
Phone/fax 38 (048)-723-34-61, Lepikh Yaroslav Illich
E-mail: semst-9@onu.edu.ua, ndl_lepikh@onu.edu.ua
In addition: the conference information is on
web-site: http://semst-9.onu.edu.ua/
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IHOOPMALIA J1Jis1 ABTOPIB.
BUMOI'M 1O O®OPMJIEHHSI CTATEHN Y )KYPHAI

Kypnan «CeHcopHa eJIeKTpOHIKa 1 MIKpOCHC-
TEMHI TEXHOJIOTii» MyOIiKye cTaTTi, KOPOTKi MO-
BIZIOMJICHHSI, JTUCTH 10 Penakiiii, a Tako)k KOMEH-
Tapi, 10 MICTATh PE3yJAbTaTH QyHIaMEHTATBHIX
1 IPUKIIAJIHUX JTOCII/KEHb, 32 HACTYITHUMH Ha-
MPSIMKaMHU:

1. ®i3uyni, XiMiyHI Ta IHIN SBHINA, Ha
OCHOBI SIKHX MOXYTb OyTH CTBOpEHi CEHCOpH

2. TlpoekTyBaHHS i MaTeMaTHYHE MOJCIIO-
BaHHS CEHCOPIB

3. CeHcopu (Qi3MYHUX BEITUYHH

4. OnTuyHi, ONTOENEKTPOHHI 1 pajiamiiHi
CeHCcopHU

5. AKYCTOEJIEKTpPOHHI CEHCOpH

6. XiMmiuHI CEeHCOpH

7. biocencopu

8. Hanocencopu (¢pizuka, Marepianm, Tex-
HOJIOTis5T)

9. Marepianu a1 CEHCOPIB

10. TexHnomorisi BAPOOHUIITBA CEHCOPIB

11. CeHncopu Ta iHpOpMAaIIIifHI CUCTEMHU

12. MikpocucCTeMHI Ta  HAHOTEXHOJOTIT
(MST, LIGA-texHooris Ta iH.)

13. Jlerpamamis, MeTposoris i ceprudikaris
CEHCOPIB

Kypnan myOmikye Takok 3aMOBIICHI OIJISAN
3 aKTyaJbHUX IMUTaHb, IO BIAMOBINAIOTH HOTO
TEMaTHIIi, MOTOYHY 1H(POPMALIiI0 — XPOHIKY, IIEp-
COHaUTI1, MIaTHI PeKJIaMH1 MOBIJOMJICHHS, OT0JIO-
IICHHS 010 KOH(EPEHTIiH.

OCHOBHHUI TEKCT CTATTI IOBUHEH BIIIIOBIIaTH
Bumoram [locranosu [Ipesunii BAK Ykpainu Bifg
15.01.2003 p. Ne7-05/1 (bronerenp BAK Ykpainu
1, 2003 p.) i Oyt cTpykTypoBaHuUM. Martepiainu,
o0 HaACWIAIThCA 10 Pemakiiii, moBuHHI OyTH
HamMcaHl 3 MaKCHMAaJIbHOIO SICHICTIO 1 YiTKICTIO
BUKJIALy TEKCTY. Y MOJAHOMY PYKOIIHCI TOBUHHA
OyTu OOTpyHTOBaHA aKTyaJbHICTh PO3B’A3yBaHOT
3a/1a4i, chopMysIbOBaHa METa JIOCIIIPKEHHS, MiC-
TUTHCS OPUTiHAJFHA YaCTUHA 1 BUCHOBKH, 110 3a-
0€3IeYyIOTh PO3YMIHHS CyTi OTPUMAHHUX PE3YJIb-
TaTiB 1 iX HOBM3HY. ABTOpM IOBHHHI YHHKAaTH
HEOOTPYHTOBAHOTO BBEACHHS HOBUX TEPMIHIB 1
BY3bKONPO(IbHUX )KAPTOHHUX BUCIIOBIB.
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Penakuis )kypHaixy NpoCUTh aBTOPIB IpU Ha-
IpaBJeHl cTaTel 70 JPyKYy KepyBaTUCS HACTYII-
HUMH TIPABUIIAMH:

1. Pykonucu MOBUHHI HAJCHJIATUCA Y JIBOX
NPUMIPHHUKAX YKpPAiHChKOIO, ab0 pOCIHCHKOIO,
a00 aHMIIHCHKOI0 MOBOIO 1 CYHNpPOBOIKYBaTHCS
daiinmamu TekcTy 1 MamoHkiB Ha CD. Pykonucw,
SKI TMPONOHYIOThCS aBTOpaMH 3 YKpaiHu abo
kpain CH/] 1o BuIaHHS aHIMIIMCHKOIO MOBOIO
000B’A3KOBO JONOBHIOIOTHCSA YKPAaiHOMOBHOIO
abo pociiicbkoMOBHOIO Bepcieto. Enexkrponna
KoIisi MO)ke OyTH HajicllaHa €JEKTPOHHOIO IO-
HITOIO.

2. llpuitasathi popmaru texcry: MS Word
(rtf, doc).

3. Ilpwuiiaatai rpadiuni dopMatu mjis pu-
cynkis: EPS, TIFF, BMP, PCX, WMF, MS Word
1 MS Graf, JPEG. PucyHku ctBOpeHi 3a J010-
MOTOI0 TPOTrPaMHOro 3a0e3MedYeHHs A MaTe-
MATHYHUX 1 CTATUCTUYHUX OOYUCIICHb, TOBUHHI
OyTH IEpeTBOPEHI JI0 OHOTO 3 IUX (OpMaTiB.

4. Ha crarTi aBTOpiB 3 YKpaiHU MarOTh OyTH
eKCIIePTHI BUCHOBKH PO MOXJIUBICTh BIAKPUTO-

ro JApPYKY.

Pykomnucu HajcujaTu 3a aapecoro:

Jlenix Spocnas Litiy, 3act. roin. penaxkropa,
Onecbkuil HaIllOHATbHUM YHIBEPCUTET 1IMe-
Hi I. I. MeunnkoBa, MHH®TL] (HJI-3),
ByJ1. JIBOpsiHChKa, 2, Oneca, 65082, YkpaiHa.
Tenedon / paxe +38(048) 723-34-61,
E-mail: semst-journal@onu.edu.ua,
http://www.semst.onu.edu.ua
30iticnioemvcs aHoHIMHe peyen3y8anHsL py-
Konucie cmametl.
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IIpaBujia miArOTOBKU PyKoOMuUcy:

Pykomnucu moBuHHI CynpoBomxKyBatucs ogi-
IHHUM JINCTOM, ITAMUCAaHUM KEPIBHUKOM YyCTa-
HOBH, ¢ Oyna BUKOHaHa poboTa. Lle nmpaBuio He
CTOCY€EThCA POOIT MPEACTABICHUX aBTOPAMH 13
3aKOPJIOHY YU MDKHAPOJHUMU TPyTIaMU aBTOPIB.

ABTOpCBKE TIPaBO MEePEXoauTh Buaasiiio.

TutynbHMM apKyL:

1. PACS 1 VYuiBepcanbuuii [lecstkoBuii Kon
Knacudikamii (YK) (a1 aBropis i3 kpain CHJI)
— y BEpXHBOMY JIiBOMY KyTi. JlomyckaeTbcs jie-
KUIbKA BIJAUIEHUX KOMaMy KOmiB. SKIIO HISKI
Ko Kiacudikailii He mo3HaueHi, koa(u) oyme(-
yTh) BU3HaueHo Penaxuiitnoro Koerieto.

2. Ha3zBa po6oTH (110 IIEHTPY, MPOIMTUCHUMH JTi-
Tepamu, mpudT 14pt, KUpHO).

3. IlpizBume (-a) aBtopa(-iB) (MO LEHTpY,
mpudT 12pt).

4. Ha3Ba ycTaHOBH, MIOBHA ajpeca, TenedoHu
1 (hakcw, e-mail 1y1st KOXKHOTO aBTOpA, HIKYE, Ue-
pe3 OIMH 1HTEpBaJl, OKPEMHUM PSAKOM (TIO IIeH-
Tpy, WpudT 12pt).

5. Anorauis: 1o 1000 cumBoutiB.

6. KitouoBi croBa: iXHSI KIJIbKICTh HE MOBH-
HHa TIEPEBUILYBaTH BOCBMHU CIiB. B ocobmmBHx
BHITaJIKaX MO)XKHA BUKOPUCTOBYBATH TEPMIiHU 3
JIBOMa — YU TphoMa clioBami. L{i cioBa moBuHHI
OyTH PO3MIIIEHI IMiJl aHOTAIEO 1 HATMCAH1 TIE0
CaMOI0 MOBOIO.

I.m. 2,3,4,5,6 MOCTiIOBHO BUKJIACTH yKpaiH-
CBHKOIO, aHIJTIMCHKOIO 1 POCIHCHKOI0 MOBaMHU.

Jlst aBTOpIB 3 3aKOP/OHY, SIKI HE BOJIONIIOTH
YKpaiHCBbKOI0 a00 pOCIHCHKOI0 MOBaMH, M. 2-5
BUKJIAJAI0THCS aHIIHCHKOK MOBOIO.

7. J10 KO’)KHOTO MPUMIPHHUKA CTATT1 JOIAI0Th-
csl pedepaTu YKpaiHCHKOIO Ta aHIMTIHCHKOIO MO-
BaMH (KO>KeH pedepar Ha OKpeMOMY apKyli).
OcobnuBy yBary ciij IpUAIIATA HAMCAHHIO
pe3roMe CTaTTi aHIiichbKo0 MOBOO. J1Jis 1IbOTO
JIOLIBHO KOPUCTYBATUCS MOCIyraMu KBasidi-
KOBAaHUX CHEIaJICTIB-IIHIBICTIB 3 OIAJIBIINM
HAyKOBHM pe/IaryBaHHSM TEKCTY aBTOPOM(-aMH).
Ilepen cnoBoM «pedepar» HeoOXiAHO HAMHUCA-
TU MOBHY Ha3BY CTAaTTI BIANOBIJHOIO MOBOIO,
VIIK, npi3Buina Ta iHiriaam aBTopiB, Ha3BU ycTa-
HOB. Pedepar o6csirom 200-250 cniB mae OyTu
CTPYKTYpOBaHUM: MeTa (4ITKO cPopMybOBa-
Ha), METOJU JTOCIIKCHHS, PEe3yIbTaTH JTOCIi-
JOKeHHS (CTHCIIO), y3aradbHeHHsS] a00 BUCHOBKH.

[Ticns Texety pedepary 3 ad3airy po3MilLyIoTh-
Csl KJIIOUOBI CJIOBA.

8. TexcT cTarTi MOBHHEH OyTH HAJPYKOBAaHUI
yepe3 1,5 inTepBanu, Ha 6i10oMy nanepi popmary
A4. Tlons: 3miBa - 3cm, copaBa - 1,5¢M, BBepxy
1 3am3y - 2,5cm. pudt 12pt. IligzaronoBku,
SKILO BOHU €, TIOBUHHI OyTH HaJpyKOBaHI MpO-
MUCHUMH JIITEPaMH, KUPHO.

PiBHsiHHA MOBHWHHI OyTH BBEIIEHI, BHKOPHC-
toBytoun MS Equation Editor a6o MathType.
Po6oTu 3 pykonucHUMU BCTaBKaMH HE MpUiiMa-
10Tbcsl. Tabnuii moBWHHI OyTH mMpeacTaBieHi
Ha OKpeMHUX apKymax y ¢opmari BiIMOBITHHX
TEKCTOBUX (hopMaTiB (IUB. BUILE), Uu y popma-
Ti TEKCTy (3 KOJIOHKaMH, BiJIIICHUMHU 1HTEpBa-
JaMH, KOMaMH, KparkaM 3 KOMOIO, YW 3HaKaMu
TaOyJIIOBAHHS).

9. ¥V kiHIIl TEKCTy CTATTi yKa3aTH MpPIi3BHUIIA,
iMeHa Ta 1o 06aThKOBI yCiX aBTOpiB, MOIITOBY
aapecy, tenedo, ¢gakc, e-mail (s KopecnoH-
JIEHITiT).

10. Crnucok niTeparypu MOBUHEH OyTH Haj-
pykoBaHMii uepe3 1,5 iHTepBany, 3 JIiTEPATypoOIO,
MIPOHYMEPOBAHOKO B TOPSIZIKY i1 MOSBH B TEKCTI.
bibniorpadist ApyKyeThCs JUIIE JTaATHHULECIO (KH-
pwinLs noaaeTbes B TpaHcaitepauii). [lopsimok
odopMIIEHHS JIiITepaTypy MOBWHEH BIJIOBIIATH
BuMoraMm BAK Vkpainu, Harmpuknazu:

[1]. LM. Cidilkov skii. Elektrony i dyrki v
poluprovdnikah. Nauka, M. 450 s. (1972).

[2]. J.A. Hall. Imaging tubes. Chap. 14 in The
Infrared Handbook, Eds. W.W. Wolfe, G.J. Zissis,
pp- 132-176, ERIM, Ann Arbor, MI (1978).

[3]. N. Blutzer, A.S. Jensen. Current readout
of infrared detectors // Opt. Eng., 26(3), pp. 241-
248 (1987).

11. Tlignucu 10 pUCYHKIB 1 TaOIUIb TOBUHHI
OyTH HaJpyKOBaH1 B PyKOIIUCI 3 JBOMa MpooOia-
MU MiCs CIUCKY JiTeparypu. BUHOCOK, SKIIO
MOXIIUBO, 02)KaHO YHUKATH.

[TpuiimMaroThbCst TIIBKK BUCOKOSIKICHI PUCYHKHU.
Hamucn 1 cumBonm 1moBHHHI OyTH HaJapyKOBaHI
ycepenuHi pucyHky. Heratuswu, ciaiiay, i miano-
3UTHBU HE IPUUMAOTHCA.

KoxeHn pucyHok moBHHEH OyTH HaJpyKOBa-
HUI Ha OKpPeMOMY apKylll 1 MaTd po3Mmip, M0
He nepesunrye 160x200 mm. st TekcTy Ha pu-
CyHKax BUKOpHCTOBYHTEe mpudt 10pt. OguHuUI
BUMipy TOBHMHHI OyTH MO3HAa4€HI MiCIs KOMH
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(He B KpymIiuxX AyKKax). Ycl pUCYHKHM HMOBHHHI
OyTH MPOHYMEPOBaH1 B MOPSIKY iX MOSBU B TEK-
CTi, 3 YaCTUHAMU MMO3HaYEeHUMH $K (), (0), 1 T.1I.
Po3milieHHs HOMEpiB PUCYHKIB 1 HAITUCY ycepe-
WHI MaJIFOHKIB HE J03BOJIAIOTHCS. 31 3BOPOTHOI
CTOPOHH, HAIUIIIITh OJIIBIIEM Ha3BY, Ipi3BHINE(a)
aBTOpa(-iB), HOMEp MAaJIFOHKAa 1 MO3HAYTE BEPX
CTPLIKOIO.

®dororpadii MoBUHHI OyTH OPHUTIHAIBHHMH.
KonpopoBuil Ipyk MOXJIMBHM, SIKIIO HOro Bap-
TICTh CIUTAYy€ETHCS AaBTOPAMH YH iX CIIOHCOPAMH.

12. Crarta mae OyTu mianucaHa aBTopoM (yci-
Ma aBTOpaMH) 3 3a3HAUCHHSM JIaTH Ha OCTAHHIN
CTOpIHIIL.

ABTOpH HECyTh TIOBHY BIJIOBIIaJIbHICTh 3a
6e31oraHHe MOBHE 0(OPMIICHHS TEKCTY, 0COOIH-
BO 32 MPaBUJIbHY HAyKOBY TEPMIHOJIOT1IO (i1 citijg
3BIpATH 32 ()aXOBHUMH TEPMIHOJOTIYHUMH CJIOB-
HUKaMH).

13. JlaToro HaIXOKEHHS CTATTI BBAXKAETHCS
JIeHb, KOJIU J0 PEIKOJIeTrii HailiIIOB OCTaTOUHUMN
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BapiaHT CTATTI MICJIS PELIEH3yBaHHS.

[Ticnst onep»aHHsI KOPEKTYPH CTAaTTI aBTOP MO-
BUHEH BUIIPABUTH JIMILIE TOMMIIKH (YiTKO, CHHBOIO
a00 YOPHOIO PYUKOIO HEIPAaBUIbHE 3aKPECIINTH,
a TMopsiA 3 UM Ha TIOJIi HAIMCATH MPaBUIbLHUN
BapiaHT) 1 TEPMIHOBO BiJIiCJIaTH CTATTIO HA aapecy
penKoIIerii eNeKTPOHHOIO MOMITOO.

[linnuc aBTopa y KiHIII CTATTI O3HA4ae, 110
aBTOp IepeJiae IpaBa Ha BUIAHHS CBO€ET CTATTI pe-
JaKIii. ABTOp rapaHrye, 10 CTaTTs OpPUTiHAIbHA,;
Hl CTaTTsl, HI pUCYHKH 10 HET He Oynu omyOmiKo-
BaHl B IHIIWX BUJAHHIX.

BinxuieHi cTaTTi He TOBEPTAIOTHCSI.

o yBaru aBTOpiB

Mixnaponna areniis ISSN BcranoBuia cko-
pOYEHy Ha3By HAIIOrO XypHaiy «Sens. elektron.
mikrosist. tehnol.» [Ipocumo Bac y cBoix nocu-
JaHHAX 1 610miorpadi4yHuX JaHUX CTaTel BUKOPH-
CTOBYBAaTH caM€ TaKy Ha3By OCKUIbKH I10 Hil Oyne
3N CHIOBAaTUCS MOCWIaHHA Ha Bamy crarTio.
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INFORMATION FORAUTHORS

THE REQUIREMENTS ON PAPERS
PREPARATION

Journal «Sensor Electronics and Microsystems
Technologies» publishes articles, brief messages,
letters to Editors, and comments containing re-
sults of fundamental and applied researches, on
the following directions:

1. Physical, chemical and other phenomena,
as the bases of sensors

2. Sensors design and mathematical model-
ing

3. Physical sensors

4. Optical, optoelectronic and radiation sen-

5. Acoustoelectronic sensors

6. Chemical sensors

7. Biosensors

8. Nanosensors (physics, materials, tech-
nology)

9. Sensor materials

10. Sensors production technologies

11. Sensors and information systems

12. Microsystems and nano- technologies
(MST, LIGA-technologies et al.)

13. Sensor’s degradation, metrology and cer-
tification

The journal publishes the custom-made re-
views on actual questions appropriate to the men-
tioned subjects, current information — chronicle,
special papers devoted to known scientists, paid
advertising messages, conferences announce-
ments.

The basic article text should meet the SAC
Ukraine Presidium Decree requirements from
15.01.2003 Ne 7-05/1 (SAC Bulletin Ne 1, 2003)
and be structured. The materials sent to Editors,
should be written with the maximal text presen-
tation clearness and accuracy. In the submitted
manuscript the actuality of problem should be re-
flected, the purpose of the work should be formu-
lated. It must contain an original part and conclu-

sions providing the received results essence and
their novelty understanding. The authors should
avoid the new terms and narrowprofile jargon
phrase unreasonable introduction.

Journal Edition asks authors at a direction of
articles in a print to be guided by the following
rules:

1.Manuscripts should be submitted in dupli-
cate in Ukrainian, English, or Russian, a hard
copy and supplemented with a text file and fig-
ures on a CD. Manuscripts which are offered by
authors from Ukraine or CIS countries to the edi-
tion in English are necessarily supplemented by
Ukrainian or Russian version. An electronic copy
may be submitted by e-mail.

2. Acceptable text formats: MS Word (rtf,
doc).

3. Acceptable graphic formats for figures:
EPS, TIFF, BMP, PCX, CDR, WMF, MS Word
and MS Graf, JPEG. Figures created using soft-
ware for mathematical and statistical calculations
should be converted to one of these formats.

4.  For articles of authors from Ukraine
there should be expert conclusions about an op-
portunity of an open print.

Manuscripts should be sent to:

Lepikh Yaroslav Illich, The Vice Editor, Odesa
National I.I. Mechnikov University, ISEPTC (RL-
3), str. Dvoryanskaya, 2, Odesa, 65082, Ukraine.

Phone/fax +38(048) 723-34-61,

E-mail: semst-journal@onu.edu.ua,

http://www.semst.onu.edu.ua

Manuscripts of articles anonymous reviewing
is carried out
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The manuscript preparation rules:

The manuscripts should be supplemented with
the Official letter signed by a chief manager of
the institution where the work was performed.
This rule does not apply to papers submitted by
authors from abroad or international groups of
authors.

Copyright transfer to the Publisher.

Title Page:

1. PACS and Universal Decimal Classification
code (for authors from CIS) in the top left corner.
Several comma-separated codes are allowed. If no
classification codes are indicated, the code(s) will
be assigned by the Editorial Board.

2. Title of the paper (central, capital, bold,
14pt).

3. Name (-s) of the author(-s) below, in one
space (central, normal face, 12pt).

4. Name of affiliated institution, full address,
phone and fax numbers, e-mail addresses (if
available) for each author below, in one space
(central, normal face, 12pt).

5. Abstract: up to 1000 characters.

6. Keywords: its amount must not exceed eight
words. In the specific cases it is acceptable to use
two- or three-word terms. These words must be
placed under the abstract and written in the same
language.

Items 2,3,4,5,6 must be presented in series in
Ukrainian, English and Russian languages.

For authors from abroad which do not know
Ukrainian or Russian languages, items 2-5 may
be presentd only in English.

7. To each copy of the article abstracts in
Ukrainian and the English language are applied
(each abstract on a separate sheet). The special at-
tention should be given to the writing of the article
summary in English. For this purpose it is expedi-
ent to use the qualified experts - linguists with the
further scientific editing the text by the author (-s).
Before the word “abstract” it is necessary to write
the full article name by the appropriate language,
UDC, surnames and the initials of the authors,
names of affiliated institutions. The abstract in
volume of 200-250 words must be structured: the
purpose (precisely formulated), research methods
and results (shortly), generalizations or conclu-
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sions. After the text of the abstract from the item
key words are placed.

8. Article text should be printed 1,5-spaced on
white paper A4 format with a 12pt, margins: left
— 3sm, right — 1,5, upper and lower — 2,5sm.
Titles of the sections if it is present should be
typed bold, capitals.

Equations should be entered using MS
Equation Editor or MathType. Papers with hand-
written equations are not accepted. Notations
should be defined when the first appearing in the
text.

Tables should be submitted on separate pag-
es in the format of appropriate text formats (see
above), or in the text format (with columns sepa-
rated by interval, commas, or tabulation charac-
ters).

9. At the article text end one must indicate sur-
names, names and patronymics of all authors,
the mail address, the phone, a fax, e-mail (for the
correspondence).

10. List of references should be 1,5-spaced,
with references numbered in order of their ap-
pearance in the text. The bibliography is printed
only by the roman type (cyrillics represents in
transliteration).

The literature registration order should con-
form to DAS of Ukraine requirements, for ex-
ample:

[1]. LM. Cidilkov skii. Elektrony i dyrki v po-
luprovdnikah. Nauka, M. 450 s. (1972).

[2]. J.A. Hall. Imaging tubes. Chap. 14 in The
Infrared Handbook, Eds. W.W. Wolfe, G.J. Zissis,
pp. 132-176, ERIM, Ann Arbor, MI (1978).

[3]. N. Blutzer, A.S. Jensen. Current readout
of infrared detectors // Opt. Eng., 26(3), pp. 241-
248 (1987).

11. Figures and tables captions should be
printed in the manuscript double-spaced after the
list of references. Footnotes should be avoided if
possible.

Only high-quality pictures can be accepted.
Inscriptions and symbols should be printed inside
picture. Negatives, and slides are not accepted.

Each figure should be printed on a separate
page and have a size not exceeding 160x200 mm.
For text inside figures, use 10pt. Measurement
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units should be indicated after a comma (not in
blankets). All figures are to be numbered in or-
der of its appearance in the text, with sections de-
noted as (a), (b), etc. Placing the figure numbers
and captions inside figures is not allowed. On
the backside, write with a pencil the paper title,
author(s) name(s) and figure number, and mark
the topside with an arrow.

Photographs should be submitted as original
prints. Color printing is possible if its cost is cov-
ered by the authors or their sponsors.

12. The article must be signed by author (all
authors) with the date indication on the last page.

Authors bear full responsibility for irreproach-
able language make out of the text, especially
for a correct scientific terminology (it should be
verified under terminological dictionaries of the
appropriate speciality).

13. The date of article acceptance is that one
when the final variant comes to the publisher after
a prepublication review.

After obtaining the proof sheet the author
should correct mistakes (clearly cancel incorrect
variant with blue or black ink and put the correct
variant on border) and send urgently the revised
variant to the editor by e-mail.

Author’s signature at the article end vouches
that author grants a copyright to the publisher.
Author vouches that the work has not been pub-
lished elsewhere, either completely, or in part and
has not been submitted to another journal.

Not accepted manuscripts will not be returned.

To author attention

International agency ISSN has established our
Journal shortcut — «Sens. elektron. mikrosist.
tehnol.» We ask you in your references and
article bibliographic dates use such name as on it
the reference to your article will be carried out.
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