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AHHOmMayus — B paboTe paccmoTpeHa HaHOCTPYKTYpa,
3HepreTUYeckmMin Npodunb KOTOPON COCTOUT U3 NMPSMOYTrofNbHOM
KBAHTOBOW SIMbl M MPSIMOYTOMbHOrO pe3oHaTopa B ee LeH-
TpanbHOM 4acTu. [lokasaHo BNWSHME Ha 3SHepreTUyeckun
CMEeKTp YacTuL, napameTpoB pe3oHaTopa — BbICOTbI U LUNPUHBI
LeHTpanbHon Yactn. PaccMoTpeHa BO3MOXHOCTb MCMOMb30Ba-
HWS HAHOCTPYKTYPbI CO CRIOXHBLIM 3HEPreTMYeckuM npocburem B
KayecTBe aKTMBHOW 0611acTu pe3oHaHCHO-TYHHeNbHOro Anoaa.

|. BBegeHue

Mpu cospaHnm NpnBOPOB HAHOINEKTPOHWUKN BO3HW-
KaeT psig npobnem: BCTpavBaHUE LUCKPETHbIX HaHO-
3NEKTPOHHbLIX NPUMOOPOB M KX MpocTerwux cbopok B
COCTaB CTaHOAPTHbIX MUKPOANEKTPOHHBLIX CXEM, MMEIo-
LWMX YCTOSIBLUYIOCH TEXHOMOrMYEeCKylo peanus3auuio;
CO3aHMe YUCTO HAHO3MEKTPOHHbIX CXEM; CO3[aHue
HaZEXHbIX 3NEKTPUYECKNX COEOMHEHU Kak Mexay Ha-
HOpa3MepHbIMW 3NEMEHTAMUN CXEM, TaK U MEXAy HaHo-
N MUKPOSMEKTPOHHBIMM KOMMOHEHTaMU; TeMnepaTypHas
CTabunbHOCTL 3NEMEHTOB HAHO3MEKTPOHUKM; NpuBeae-
HMe napameTpoB BHOBb CO3[@aBaEeMOW HaHO3MEKTPOH-
HON 3neMeHTHoM 6a3bl K CyLlecTBYOLMM CTaHgapTam
Ha TOT UNKU UHOW BMA annapaTypbl, UMY CO3A4aHME HOBbIX
CTaH4apToB U T.A4.

Haunbonbwwnii nHTepec B co3gaHun U MoAepHU3aLum
HaHO3NEKTPOHHOW 3aneMeHTHou 6a3bl npeacTaBnseT
cobori nNpou3BOACTBO [OUCKPETHBIX 3IEMEHTOB OMTO-
3MNEKTPOHHOTO W HEe OMNTO3INEKTPOHHOIO MNPUMEHEHUS,
TaKMX KaK MHXEKLUOHHbIE MONynpoBOAHMKOBBIE Nasepbl
W BbICOKOHAaNpaBrieHHble CBeToaMoAbl OOnbLION MOLL-
HOCTW, YCUNUTENWN U MOLYNATOPbI ONTUYECKOrO U3ny4e-
HWSA, @ TakkKe MoneBbIX TPAH3UCTOPOB C HAHOKaHaroM,
pPEe30HaHCHO-TYHHEMbHbIX OWUOA0B, PE30HAHCHO-TYHHe-
NbHBIX TpaH3ucTopoB, C pasBUTMEM TEXHONOMMYECKMX
METOOO0B HAHO3MEKTPOHUKM, ocoboe BHUMaHUE yaens-
eTCsl CO3[aHuio MONyNpPOBOAHWMKOBLIX MNPUMOOPOB CO
cBepxpeLleTkamm [1, 2].

B kayecTBe OCHOBHbIX MaTepuarnoB Ans CO3gaHus
MONyNpPOBOAHWNKOBbIX HaHO3MEKTPOHHbIX MPUOopoB Ya-
Lie BCEro UCMOMb3oBanuchb ABoMHble coeanHerunst A"'BY
W NX TPOWHBIX 1 YETBEPHbIX TBEPAbIX PacTBOPOB. Bbibop
3TON rpynnbl MaTtepuanoB OCHOBaH Ha LUMPOKOM UX WUC-
nons3oBaHum B CBY nonynpoBOAHNKOBOW 3rEKTPOHUKE.
B nocnegHue nATb-WECTb NET BHUMaAHWE uccregosare-
nen npuvBrekawT MonynpoOBOAHUKOBLIE COEOUHEHWS
A"B"' n ux TPOVHbIE U YeTBEPHble coeanHeHus. [JaHHasa
rpynna MaTepuanoB TakK e NpUMeHsinach A8 Co34aHus
npubopos nonynposogHMkoBon CBY 3neKkTpoHukn wu
ONTO3MEKTPOHUKM, OOHAaKO, MOCKOMNbKY AaHHasd rpynna
MaTepuanoB COAEPXUT GOmbLIOE KOMMYECTBO NETYYUX
COeVHEHWN, TemMnepaTypHas HeCTabUNbHOCTb KOTOPbIX
NposiIBNSETCS B TEXHOIOIMYECKN UCMONb3yeMbIX Avana-
30Hax TemnepaTtyp, CO3[aHuWe KayeCTBEHHbIX U pe3KnX
p-N NepexonoB Ha OCHOBE MaTepuanoB AaHHOW rpynmbl
Obino 3aTpyaHUTEnbHO. Mo 3ToM NpuymMHe nNpubopbl Ha
OCHOBE COEANHEHWUN AlgY 1, B ocobeHHoCcTN coeanHe-
nun A'BY' He Nony4Mnu LIMPOKOro pacnpoCcTpaHeHwus,
KpoMe oTAenbHbIX 06pa3uoB 1 cepuii Nnpnubopos.

C pasBuMTMEM 3nuTaKcuarnbHbIX TEXHOMOMMIA MOSIBU-
nacb paHee HefoOCTynHasi BO3MOXHOCTb BapbupoBaTb
3HEpPreTMYeckylo  avarpammy  NonynpoBOAHMKOBbIX
CTPYKTYP Kak Nno WMpuHe obnactei n BbICOTE NOTEHLM-
anbHbIX 6apbepoB, Tak U MO HanpaBreHUsIM pocTa Kpu-
cTannoB. Bo3Hukna BO3MOXHOCTb CO30aBaTb CTPYKTYpbI
C YepeayLMMMCA B 3a4aHHOM Mopsaake maTepuanamu
C pasnu4YHbIMK 3NEKTPOU3UYECKMMU U KpUCTanmnorpa-
duyecknmmn cBonrctBamu. [JaHHasi paboTa nocBesilLeHa
NCCNEeAOBaHUI0 KBA3MKOHTUHYaNbHbBIX COCTOSIHWN, KOTO-
pble BO3HMKaIT B MHOMOCIOWMHbIX KBAHTOBO-Pa3MepHbIX
CTPYKTypax, B TOM Cryyae, Kkoraa BHYTPEHHME MOTEHLN-
anbHble 6apbepbl HWXE BHELLHUX, MEXZY KOTOpbIMU U
BO3HUKAOT SHEPreTuyeckme COCTOSIHUS YacTul, HaMHO-
ro BbllL€ OCHOBHbIX COCTOSIHWUI B OTAEMbHbIX KBAHTOBO-
OTPaHUYEHHbIX 06NacTaAX W MCNbITbIBAKOLWME TakKke
KBaAHTOBOE OrpaHuyeHue.

Il. OnucaHue CTPYKTYypbI

B kayecTBe npumepa MHOrOCIOMHON KBaHTOBO-
pasmMepHOW CTPYKTypbl B AaHHOW paboTe paccMoTpeHa
NATUCNONHAs  CTPYKTypa, co3daHHas Ha  OCHOBe
GaAs/AlxGai.xAs. Matepuvanbl Nepeoro u NSTOro Croes
M I, MV, coctoat u3 tBepagoro pacteopa AlxGaixAs ¢
MakCUMarbHbIM cofep)XaHueM antoMuHus, 4YTo obecne-
ynmBaeT HaMOOMbLUYK LUMPUHY 3anpeLleHHON 30Hbl B
3TUX CNOSIX, W, KaK cneacTBue, camble BbICOKME MOTEH-
unanoHble Gapbepbl Ans HocuTenem oboux TMNOB MO
BCEW CTPYKType.

Matepuanel BToporo u yetseptoro cnoes — M Il, M
IV, Ha06OpPOT UMET MUHMMAarNbHOE COAEPXKaHWe arnto-
MUHUS NN NOMHOCTLI0 COCTOAT M3 apceHupa rannusi.
OTnm obecneumBaeTca (popMMpOBaHME BO BTOPOM MU
YEeTBEPTOM COSIX MPSIMOYTOSIbHbIX KBAHTOBbLIX M Ans
Hocutenen oboux TMNoB. B mMaTepmane TpeTbero cros
— M Il copepxaHue antoMuHUS Gonblle, Yem B Mate-
pranax BTOPOro U YeTBEPTOro CMOEB, HO MEHbLLE, YEM B
maTtepuanax nepeoro 1 NATOro Crioes CTPYKTypbl. Takum
obpasom, BO BTOPOM, TPETbLEM U YETBEPTOM CMNOSIX Hafg,
noTeHumanbHbiM GapbepoM TPETbEro Crnos u Mexay
noTeHumnanbHbiMM Gapbepamy NepBoOro M NATOro CroeB
dopmMmpyeTcs 30Ha KBA3UKOHTMHYYMa, MOCKOSbKY HOCK-
Tenu BO BTOPOM U YEeTBEPTOM CMO€ UCMNbITLIBAIOT KBaH-
TOBOE OrpaHunyeHne, Ux TOMWUHA He NpeBbILAaeT OJTUHbI
BONHbI Ae Bpoiing, TonwmHa pasaenutensHoro 6apbepa
Takke HeBernvka Nockonbky Gapbep cuMTaeTcss NpoHU-
uaembiM, ogHako obliee paccTosiHue mexay 6apbepa-
MU MEPBOro M NATOro Croes, B OOLIEM crnyvyae MOXeT
npubnmwkaTbCs K BenmyMHam o6beMHoro obpasua.

lll. HaxoxpeHue cobCcTBEHHbIX COCTOAHUN
HocuTenen B 06nacTv KBasuKOHTUHYyMa

OnpeueneHme COOCTBEHHbIX 3Ha4YeHUM QHEeprmm wu

COOCTBEHHbIX beHKLI,VIVI HocuTenemn npon3BoanNTCA B paM-

Kax KBaHTOBO-MEXaHM4YecKoro noaxoda Ha OCHOBaHWU
peLueHus ctaumMoHapHoro ypasHeHus LpeauHrepa [3].
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Mpu BO3OENCTBUM Ha KBAHTOBO-Pa3MEPHYIO CTPYKTY-
py C 3HepreTuyeckum npodunem CroxHou ¢opMbl
BHELLHEro 3MeKTPMYecKoro Mons COCTOSHWSA YacTuy B
obrnactv KBasMKOHTUHYyMa MOABEPraeTcs CyLIeCTBEH-
HbIM M3MEHEHMSAM, BbI3BaHHbIX, C OOHON CTOPOHbI, BO3-
OEeNCTBMEM HamnpsHKeHHOCTW BHELLHEro Morsi, ¢ ApYrow,
HanMuMeMm y 4acTuy B 3ToW obnactu OOonofnHUTENbLHON
noTeHunanoHoOM aHeprun. WM3meHeHusl, Bbl3BaHHble B
CTPYKTYpe BHELUHWM 3MEKTPUYECKMM MNOMEM MOXHO OT-
HOCWTENbHO Nerko NpPocneauTb, NCMONb3yd BTOPOE MNpu-
BrvxeHne Teopun BO3MYLLEHWUN.

AHann3 coOCTBEHHbIX 3HAYeHUN U COBCTBEHHbIX
dYHKUMIN HOCUTENEN B KBAHTOBO-PA3MEPHOW CTPYKType
C 9HepretTuyeckMm npodunem CrnoxHon d¢opmbl, pac-
CUYMTaHHbIX, KaK AN CTALMOHAPHOro COCTOSIHUSA, TaK U
ONns crnyyast BO3OEWCTBUSI BHELUHEro CTalMOHapHOro
ANeKTpU4ecKoro nonga no3eonsieT caenatb cnegyolime
BbIBOAbI:

- B CTauMOHapHOM COCTOSIHUM HOCWUTENW, Haxogs-
wmecs B obnacTu KBasMKOHTUHyyma MMEKT pPe3ko He-
MOHOTOHHO BO3pacTaloLUiA CMeKTP COOCTBEHHbIX 3Ha-
YEHUI SHEPTUM U NOKANMU3yHTCs B 06nacTM KBaHTOBbIX
AaM;

- YacTuubl, HaxosLmecs Bbille Mo SHeprum OTHOCK-
TeNbHO NepBbIX ABYX COCTOSIHWIA NOKANU3yTCcs BO BCEM
NPOCTpaHCTBE KBa3NKOHTUHYYMa Gornee paBHOMEPHO;

- noA OAeNCTBMEM BHELUHEro NMOCTOSHHOrO 3MeKTpu-
YeCKOro nosisi KBaHTOBO-OrpaHNYeHHbIn adpdekT LLTapka
NPOSBNSETCH HEMHOro MHaye, YeM B OOHOCIOWHbIX
CTPYKTYpax UMM CUMMETPUYHBLIX MHOFOCMOMHBLIX CTPYK-
Typax, 30ecb Takke BHeLUHeMy BO3[EeNCTBUIO Hanbonee
noaBepXeHbl NepBble ABa dHEpPreTUYecknx YpoBHs, of-
HaKo BNUsIHWE BHELLHEro nossi nposiensieTcs 6onee pes-
KO, B TO BpeMs Kak Ons Bblllenexalmnx ypoBHeEW 3TO
BMNUsIHUE MOYTU HE3AMETHO;

- BO3OEWNCTBME BHELUHErO Mofs NpUMBOAWUT Takke K
CYLLECTBEHHOW [enokanusauuMm HocuTenemn, pacnorno-
XKEHHbIX Ha NepBbIX ABYX YPOBHSX 6€3 M3MEHeHus 4veT-
HOCTU COCTOSHUIA.
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When creating the nanoelectronic devices, a number of
problems arises: incorporation of discrete nanoelectronic de-
vices and their simplest assemblies into the structure of the
standard microelectronic circuits having the stable technological
realization; creation of purely nanoelectronic circuits; creation of
reliable electrical connections both between nanodimensional
elements of the circuits and between nano- and microelectronic
components; temperature stability of nanoelectronic elements;
bringing of newly created nanoelectronic element base parame-
ters to the existing standards on one or another kind of devices,
or creation of new standards; suppression of undesirable ef-
fects in the operation of the new element base, their origin is
connected with the quantum nature of the physical processes
taking place in the active zones of nanoelectronic devices etc.

This work is devoted to research into quasi-continual states
emerging in multilayer quantum-well structures, when the inter-
nal potential barriers are lower than the external ones, particles
energetic states far above the main states in separate quantum-
confined regions emerge between them and are also subjected
to quantum confinement.

Finding of eigenvalues of energy and eigenfunctions of car-
riers is performed in the framework of the quantum mechanical
approach based on solution of the steady-state Schrodinger
equation [3]:
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The state of particles in the quasi-continuum field is sub-
jected to substantial variations caused, on the one hand, by the
action of the external field intensity and on the other hand by
the presence of additional potential energy in the particles of
this field under the action of the external electric field on the
quantum-well structure with a complex form of energy profile.
Variations caused in the structure by the external electric field
can be relatively easy traced using the second approximation of
the perturbation theory.

Analysis of eigenvalues and eigenfunctions of carriers in
the quantum-well structure with energy profile of a complex
form calculated both for the steady state and for the case of the
external steady electric field action, allows making the following
conclusions:

- carriers in the steady state being in the field of quasi-
continuum have sharply non-monotonously rising spectrum of
eigenvalues of energy and are localized in the field of quantum
wells;

- particles, being higher in energy relative to the first two
states, are localized over the whole space of quasi-continuum
more uniformly;

- quantum-confined Stark effect shows itself somewhat dif-
ferent than in one-layer structures or symmetric multilayer struc-
tures under the action of the external stationary electric field,
here the two first energy levels are also the most subjected to
the external action, but the action of the external field reveals
itself more sharply while this action is almost imperceptible for
upper layers;

- action of the external field results also in significant delo-
calization of carriers located on the first two levels without varia-
tion of the states parity.

2009 19th Int. Crimean Conference “Microwave & Telecommunication Technology” (CriMiCo’2009). 14-18 September, Sevastopol, Crimea, Ukraine
666 © 2009: CriMiCo’2009 Organizing Committee; CrSTC. ISBN: 978-966-335-244-2. IEEE Catalog Number: CFP09788



