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ANEKTPOHJTIAPHUHI TETEPOCTPYKTYPA NOTEHLUMWAI TYCUFU OPKAIN YTULLUNAPUOA
PE3OHAHCIJIN TYHHEJNINTAHULLN

P.PacynoB, M.MamartoBa, A.3okupoB, N.dwbonTaeB

AHHOMauus
VYnuamea 6OFfUK KeaHmMaweaH, ypa 6unaH 6o0fnaHzaH, UKKU MOMeHYyusn ypadaH mawkuna mornaaH
eemepocmpykmypadaH  3MeKMPOHHUHE  ymuw  KoagchuyueHmu  Hasapul maxnauni  KuiuHeaH ea  Kamop
eemepocmpyKkmypanap y4yH yHUHe ughodanapu KesmupusaaH.
AHHOMauus
TeopemuyecKku U3y4eHO MyHHENUPOB8aHUE 3IIEKIMPOHO8 4Yepe3 2emepocmpyKkmypy, COCmMOosAuwyo u3 08yx
nomeHyuasnbHbix  bapbepos, pa30esieHHbIX pa3MepHo-keaHmoeaHHoU  smol. [lonyyeHO  ebipaxeHue  Ond
KoaghghuyueHma rnpoxoxO0eHUs MIEKMPOHO8 8 3a8UCUMOCMU OM 3HePauU 37IEKMPOHO8, @ MakKXe MpoaHaau3upo8aHs!
pasnuyHble criyyau.
Annotation
Tunneling of electron through the heterostructure consisting of two potential barriers separated by dimensionally-
quantized hole is theoretically investigated. An expression for the transport coefficient of electrons as a function of the
electron energy is obtained and the different cases are analyzed.

TasiHy cy3 ea ubopanap: keaHmnaweaH ypa, MaHepuli dughgheperyuan ymkasysuarnuk (MOY), nomeHyuan
mycuk, ymuw KoaghghuyueHmu, afeKmpoH, 2emepocmpykmypa, myHesinaHuu.

Knro4deenie crioea u ebipaxeHuUsi: K8aHmoeaHHas siMa, ompuuyameribHas OughghepeHyuarnsHas Mpo8oouMocmb
(O4r), nomeHyuanbHbIl 6apbep, KoaghguyueHm npoxXoXOeHUs, 3MIEKMPOH, 2emepocmpykmypa, KoaghguyueHm
rpornycKaHusi, myHHeaupoeaHue.

Key words and expressions: quantized hole, negative differential conductivity (NDC), potential barrier, electron,
heterostructure, transport coefficient, putting current coefficient, tunneling.

Tyrpn OypyaknuM noTeHuman TYCUK coxacupa 3MeKTPOHMapHWHI XapakaTn Xycycuaa
Macananap HaHoM3MKaHWHI dacTnabku Ba 3amMoHaBui MacananapugaH Owpuamp. ByHaa
SMNEKTPOHHUHI HadbakaTt TYCUK OpKanu TyHHen yTuwmn, 6ankm TYCUK ycTuaa pe3oHaHCny yTun xam
CTPYKTYPaHWHI KMHETUK Xoccanapura y3 TabcupuHu kypcatagu. LWy 6Gouc, 1-pacmaa
KypcaTtunraHaek CTPyKTypaZaH SneKTPOHMapHUHT YTULINMHW Taxmnun KUNannuk:

O

‘r W
V e

0,,

A4

1- pacm. ds1eKmpPoOHHUH2 NomeHyuasa mycukéaH ymuwu

WyHn kang Kunuw ypuHNUKK, noTeHuuan 6anangnurMHUHE nwopacu MaHduin TaHnaHca, y
Xxonga noTeHuMn TycuK noTeHuwan ypara awnaHagu. by xonga 3nekTpoH 3SHeprusic TYCUK
GanaHgnurngaH Kudmk G6ynmacnurn kepak, sbHm E > V. Y xonga [1] vwHuer (9) Ba (11)
ncdopanapuaa V kattanuk —Vra, a- ynyamnu keauTtnawrad ypa (YKY) KeHrauru TYCUKHWMHT b
Kanuunurra  anmawTtupunagn  Ba -

HaTMXagda yTl/IIJJ KOSdI)dI)VILl,VIeHTVI YUYH ﬁb}ggggﬂ?e —  Qaplly, c¢usuka-mamemamuka ¢paHnapu OOKmMopu,

Kyﬂmp.arm MYHOCGGGTHVI onamumas: ! M.A.Mamamoea — ®ap/]Y chusuka kaghedpacu yKumysyucu.
i A.30kupoe — ®apl1M Kowudazu akademux nuyeliu huuka yKUmMyequcu.
N.2wbonmaee — KN ¢pusuka kaghedpacu yKumysducu.
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(1)

T={1+ sin® (bq) }—1 ) 1+sin2(ﬂ\/(V/Vb)(E/V—l))

A(E/V)(E/V-1) A(E/V)E/V-1)

Oy eppa ¢ :«}2m*(E—V) /h - TYyCUK ycTmaarv SNeKTPOHHWHE TYNIKUH BEKTOPWU. E, 3HEpPrusiHUHr

pe3oHaHCn KunMaTnapu yyyH ytu koaddpuumeHtn 7=1 6ynagu Ba bg= nx WWapToa Kynuagaru
MyHocabaTra ara 6ynamma:

E, =V, (n*+V/V,) )

6y epaa n=12,....; V,=n"l"/2m*b’,
2- pacmaa (1) cdopmyna épgamuaa xmucobnanran T(E) 6oFnaHvw TacBupnaxraH. Mpadukaa
m TapTM6 pakamnu arpunuk TYCUKHUHN GanaHanurn V = mzl/}) OynraH xon y4yH KenTupunraH.

Emaxl

10 [
08 [
06 [
04 [

02

0,0 [

-02 00 02 04 06 08 10 12 14 16

(E-V)/V

2- pacm. Ymuuw ko3ghgpuyueHmuHuUH2 nomeHyuaa mycux ycmudaH ymaémaaH 351eKmpOHHUH2
3Hepeausicuaa 6oFnuKnuau.

1- >xapgBanga onekTpoHnapHuHr GaAs/AlyGa;,As reTepoCcTpyKkTypa noTeHuuan TyCcurn
ycTMaaH yTuw  KO9MMUUMEHTUHUHT anpum  TaBcudnapu Kang kunudrad. >XagBangad
KYPUHAANTUKN, BUPUHYM MaKCMMyM Ba MKKMHYM MUHMMyMMapra HucbataH ytuw koddduUeHTH
THUHT TYCUK KanuHnuru Ba 6anangnurMHMHr optuwn 6unan opta 6opuwmHm kypcatagu. E,.,, Ba
E,...1 Opanukgarn aneKkTpoH 3HEprusicn b TYCUK KanuHAUIMHUHE OpTULWIM OunaH kamannb Gopagw,
Tycuk 6anaHanurn Vra 6ofnuvk amac.

1- )xadearn.
Emax,l - Vp Emax,Z - Va
ba HM I/a OB V3B v3B Tmax,l - Tmin,Z
5 0.40 180 405 0.2
5 0.25 180 405 0.075
10 0.40 45 99 0.5
10 0.25 45 99 0.31

<E<E_ , opTvwm 6unaH ytuw KosdpduumeHTn

(T)HUHT  OPTULUM  CTPYKTYPaHWHI ~ BOMbT-amnep  Xapaktepuctukacu (BAX)aarv  MaHdbwii
andpdepeHuman yrtkasysdaHnuk (MOY) coxacunuHr cogup 6ynuwuvra onub kenagn. MOY AT=
Tax1-Toing = 1= Thina Ba AE= E,i2-F 01 KATTANUKNUKNAP KaHYamNMK Katta MMKkgopnm 6ynca, wyHya
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ONOUH HamMoéH 6ynaan. AE ydyH Oy wapT ApuMm yTKasrmynapga anekTtpoH aHeprusicn kgT
TapTMbuga 6ynuwmvHM Ba gemMak AE >>kyT WapTHWHT GaxapunraHnurn 6ouc kennb udmkagw.
IOkopuaa kana kunuHraHaek, MY 6anaHa Ba tornka reTepocTpykTypa OpKamnu TOKHUHI OKMLIMaa
XaMm Ky3aTuw MyMKMH. BupoK noTeHuman TYCUMKHW KaTTa (SHerusicu noTeHuuan Tycuk
Ganangnurugad katta (E>V)) aHeprusinu anekTpoHnapruHa ytuwnapu mymkuH. By aca GyHpan
CTpykTypaHuHr BAXuga MOYHUHr coamp 6YnuiumMra TYCKUHMUKHM to3ara kentupagun. TYCuK yeTu

yTiwnap ydyH 6y Myammo 6ynmaiioum, udyHkM pesoHaHcnu YKYnapa Vznlea wapTga ytuw
KO3(pUUMEHTU THUHT BUPUHYM Makcumymn E,.., = 0 waptaa Kysatunagun, SSbHU pe3oHaHCrnu

ypanap ycTuaaH anekTpoHnap, XaTTo ynapHUHI 3Heprusic katta mukaopnv 6ynmwaca-aa, Tycukaa
counnmacaaH yta onmagu (2-pacm). WyHpan kunub pesoHancnim YKY ycTmaaH yTuw yyyH

ANEeKTPOHNAPHUHI 3Hepruanapun Honra akvH 6ynraHunaa AE=E,;, 6ynagn. by xongoa AE ~V, Ba

6yHoaH MOYHW 3MeKTPOHNapHWUHI MOTEHLMN TYCUK YCTWAAH YTUILWra MOC KenaauraH KysaTuiu
LwapTm
242
. wh
V,>> kT ém o> << —. (4)
2m*k,T
By waptra kypa KypuriMaHuHr uww4M Temnepatypacu kaHya katta 6ynca, yndyamnm
KBaHTMaLraH YpaHuHI KanuHAWUIM WyH4Ya Knduk 6ynagn. Xyaou WwyHra yxwal wapT TYCUKHUHE b

KanuHnuriura HucbaTtaH xam 6ynagu. (2) dopmynara kypa AE~V,. m*=0.1-m,, T=77K

xonga 6y dopmynagaH YKY keHrnuru Ba TYcvK KanuHnurin yuyHa, b << 20 WM. 6ynuwmn Tanab

aTunagu.
Okopuaarn mynoxasanapra acocnaHub wyHganW xyrnoca Kunuw MYMKWH: a) siKKanaHrad
MoTeHUMN TYycuvK Ba Ypanu reTepocTpykTypanapaaH MOYnu cTpykTypanap spartvwga
donganaHvw  MyMKuH; 6) Xx03MprM  3amMoOH anuTakcuan  (MONeKynsip-Hypnu  anuTakcus)
TexHonornsacu GaAs, AlAs Gupukmanap Ba ynap acocuga onuHran Al,Ga;,As KaTTUK SpuTManap
époamunga 1.5+2 Hm (3-4 atomnu katnam)nu Ba Ganananurn (4ykypnurn) 1.35 3B (GaAs/AlAs
CTpyKTypanap) 6ynraH spum yTKasrnunu retepoCcTpyKkTypanap onuv UMKOHUATK apaTtunrad. bupok
OyHaan cTpyktypanapHuHr BAXuaoa keckvH Tabuatnu xogucanapHWHr Ky3aTUmnWKM KUAWHIIATKA
cababnu, 6yryHrn KkyHaa amanuéTtaa KynnaHunraHuya nyk. bupok 6yHaam Makcagna KBaHTnaluraH
ypanap ©OwvnaH axpaTunraH noTeHuuan TyCuKnapAaH TallKkuil TOMraH reTepocTpykTypanapiaH
donganaHuLl UCTUKBONMAN. YNAPHUHE 3HT coaAacy UKKU TYCUKMWN KBaHTNaLUraH CTpyKTypagump.

ApabuéTtnap:
1. Pacynos P.A., AxvegnoB b., A6gymaHHoHOB A., XoTamoB X. fAKkanaHraH noTeHuuan ypanu Ba noteHuuan
TYCUKNU CTPyKTypanapaa anekTtpoHnu ytuwnap Hasapuscu. “FarDU.lImiy xabarlar — Hay4uHbIi BecTHUK ®eplY” 2016, 2-
COH.

(Takpusuu: K.OHapkynos, ¢pusuka-mamemamuka ¢haHnapu O0Kmopu, rnpogheccop).
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