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KBAHTOBO-KACKAJIHBIN JIABEP, PACCESHUE DJIEKTPOHOB,
[IIEPOXOBATOCTU TETEPOI'PAHUL], WHTEP®EMCHBIE @®OHOHHBIE
MO/1bI, IIPUMECHBIE COCTOSHUS

OOBEeKTOM  HCCIICIOBAaHUSI  SIBJISIETCS ~ KBAHTOBO-KacKaJHbIE  JIa3epHBIE
reTepocTpyKTypbl TI 11 1rama3oHa Ha OCHOBE TBepAbIX pacTBOpoB AlGaAs/GaAs.

Lens paboThl — YCTAaHOBJIIEHHE 3aKOHOMEPHOCTEH MPOLIECCOB PACCESHUS
AJIEKTPOHOB Ha HIEPOXOBATOCTAX T'€TEPOrPaHull, ONTHUYECKUX POHOHAX U MPUMECIX U
UX BJIMSHUS Ha BBIXOJHBIE XapaKTEPUCTUKU KBAHTOBO-KaCKaJHBIX jda3zepoB TI'1y

JMaIia3oHa.

B paGore mpoBenen uucieHHbld aHanu3 [IOM wu3o0pakeHUl KBaHTOBO-
KaCKaJIHbIX JIa3€PHBIX TETEPOCTPYKTYP TI'u-guana3ona. Haitnensr
CPEAHEKBAIPATUYECKUE OTKJIOHCHUS pPa3MBbITUA reTEPOrpaHMLIL,

ABTOKOPPEISIIMOHHBIE QYHKIIMK QIIYKTyalluii cocTaBa.

[IpoBeneno  moxmenupoBaHue  (OHOHHBIX  MOJ ~ KBAaHTOBO-KaCKaJHBIX
reTepOCTPYKTYP Ha OCHOBE JBOMHBIX U TPOMHBIX MOJYIPOBOAHUKOBBIX COECIMHEHUM.
PaccunTanbl 3aBUCMMOCTH 4YacTOT MHTEP(ENCHBIX (POHOHHBIX MOJl CTPYKTYpPHI OT
BOJJHOBOI'O BEKTOpa B IUIOCKOCTH CJO€B W OT Habera (a3sl Ha mepuoze
CBEpXpelIeTKU. PaccuMTaHHas pe3ynbTHpPYHOLIass CKOPOCTh  MEXIIOA30HHOIO
paccesstHUst B CTPYKType C Y4YETOM MHTEpPPEHCHBIX M OrPaHUYEHHBIX MOJ
PAKTUYECKA HE OTJIMYACTCS OT PACUeTOB B MPUOMMKEHUH OOBEMHBIX (DOHOHOB
CTPYKTYPBI.

Pazpaborana nByxmepHass MoJelb pacyeTa dHEPruil U BOJHOBBIX (YHKIUM
KBAaHTOBO-KACKaJHBIX TE€TEPOCTPYKTYP C€ YYETOM  3apsDKEHHBIX  IPUMECEH.
VY CTaHOBJIEHO, YTO JIOKAJIM30BAHHBIE MPUMECHBIE COCTOSHUS BO3HHMKAIOT BHYTPH
KaXJ0M TOA30HBI cBepxpemeTku. Ha oCHOBE CaMOCOrIacOBaHHBIX PACUYETOB
ypaBHeHust Illpenunrepa u ypaBHeHusa IlyaccoHa HaWIEHO, 4YTO HauWMEHbIIAs
oOpaTHas JUIMHA SKPAaHUPOBAHUS TIOJY4aETCs MPU PACIOI0KEHUU IPUMECH B LIEHTPE
IIMPOKOM KBAHTOBOW SIMbI, HAMOOJbIIAsI — MPU PACIOJIOKEHUU MPUMECH B Y3KOU
KBaHTOBOM siMe. [lepeHoc 3apsiga ¢ ydacTHEM IIPUMECHOM 30HBI INPUBOIUT K
CTJIQXMBAaHUIO  MepBOro  (OHOHHOTO  pPE30HAHCA  HAa  BOJBTAMIIEPHBIX
XapaKTepUCTUKaX, YTO OCOOEHHO CYHIECTBEHHO MPU HU3KUX TeMIlepaTypax.

Pesynbrarel paboThl MOTYT OBITH HCIIOJIB30BaHBI JJIs1 pa3pabOTKH KBAHTOBO-
KaCKa/IHBIX JIA3EPOB U JETEKTOPOB.
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KBAHTABA-KACKAJIHBI JIA3EP, PACCEMBAHHE DJIEKTPOHAYV,
IIIYPIIATACII TETAPATPAHIL], IHTOP®ENCHBISI ®AHOHHBIS MOJbI,
ITPBIMECHbIS CTAHBI

AO'ektTam  naciieaBaHHs — 3'Iyiseliia KBaHTaBa-KACKaIHBISA  JIa3epHBISA
rerapacTpyktypsl TI'1 npisina3ony Ha acHOBe UBEPABIX pacTBopay AlGaAs / GaAs .

Mbra mpanpel — ycTajnsdBaHHE 3aKaHAMEpPHACISLy IIpaldcay pacCerMBaHHS
AJICKTPOHAY Ha IIypHaTacii reTdpaMekay, anTbldHbIX (POHOHAX 1 MphIMEIIKaxX 1 1X
VILUIBIBY Ha BBIXOJHBIS XapaKTapbICThIKI KBaHTaBa-KacKaaHbIX Jazepay TIn
JbISITIA30HY.

VY mpamel mpaBeA3eHbl KoOJbKAacHBI aHamiz [IOM  wmanroHkay KBaHTaBa-
KACKaJIHBIX Ja3€pHBIX reTIPacCTPyKTyp TT u-npIsina3ony. 3HONA3EHBI
CSIPIHEKBAAPATHIUHbBIA AJXUICHHI pPa3MBIII TeTapamexay, ayTakapdJsibliHbIA
(GyHKUBI (QIYKTYyalblil CKIamy.

[IpaBenzena  mampnsBaHHe ~ (QOHOHHBIX ~ MOJ  KBaHTaBa-KacKaJHBIX
TeTIPACTPYKTYp Ha aCHOBE MAJBOMHBIX 1 TPAMHBIX MaYNpPaBaIHIKOBBIX 3JIYUIHHSIY.
Pa3zmivanbl 3anmexHaci 4acTOT I1HTIPPEHCHBIX (POHOHHBIX MOJA CTPYKTYpPBI aj
XBajieBara BeKTapa V¥ IUIOCKAcHi TiacToy 1 aja HalOery ¢asbpl Ha MeEpbIsI3e
3BBINIPAIIOTKI. Pa3nmivyaHas BBIHIKOBas XyTKacIlb MEXIOJ30HHOTO pacceiBaHHI ¥
CTPYKTYpbl 3 yiikam 1HTIp(]EHCHBIX 1 a0MexaBaHbIX MOJ TMpPaKThlYHA HE
aZpo3HiBaellIa aj pa3iaikay y HaOJDKIHHI a0'€MHBIX (OHOHAY CTPYKTYPHI.

PacnpanaBana nByxmepHas Maadiib pasiiKy SHEPrid 1 XBaJeBBIX (DYHKIIBIT
KBaHTaBa-KaCKaJHBIX TETIPACTPYKTYp 3  yJiKaM 3apa/pKaHbIX  MPBIMEIIAK.
VYcranoyiaeHa, mMTO Jlakajli3aBaHbIS MPBIMECHBIS CTaHbl Y3HIKAIOIb YHYTPhI KOXKHAM
Naj30HbI  3BBIINIpamIoTki. Ha acHoBe camay3rogHeHbIX pas3iikay payHEHHI
[poasiaTepa 1 payHenHi [lyacona 3HoMa3€HA, MITO HAMEHIIIAas 3BapOTHAS Jay KBIHS
SKpaHaBaHHS AaTPHIMITIBACIA TPHI PA3MSIIYIHHI TPBIMEIIKI ¥ TPHTPBI MIBIPOKAN
KBaHTaBal sSMbl, HAHOOJIbIIIAsE — MPbI Pa3MSANIYIHHI MPBIMEIIK] ¥ By3Kall KBaHTaBai
same. [lepanoc 3apana 3 yazenaM MpbIMECHAM 30HBI MPBIBOA3ING /A 3rjiaJKBaHHS
nepiiara (OHOHHara piI3aHAHCY Ha BOJBTAMIIEPHBIX XapaKTapbICTBIKaX, IITO
acabJ1iBa 1CTOTHA TIPbI HI3KIX TAIMIIEPATYpaXx.

BriHiki mpaiibl MOTYIh OBIIb BBIKAPBICTAHBI ISl paclpalioyki KBaHTaBa-
KAaCKaJIHBIX Jlazepay 1 ITIKTapay.
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QUANTUM-CASCADE LASER, ELECTRON SCATTERING,
HETEROGENEITIES, INTERFACE PHONON MODES, IMPURITY STATES

Quantum-cascade THz laser heterostructures based on AlGaAs/GaAs solid
solutions are the object of study.

The aim of the work is to establish the regularities of electron scattering
processes on heteroboundaries, optical phonons and impurities and their influence on
the output characteristics of quantum-cascade lasers of THz range.

In this paper a numerical analysis of TEM images of quantum-cascade laser
heterostructures in THz range has been carried out. RMS deviations of blurring of
heterocrystals, autocorrelation functions of composition fluctuations are found.

Modelling of phonon modes in quantum-cascade heterostructures based on
double and ternary semiconductors is performed. The dependences of the frequencies
of the interface phonon modes of the structure on the wave vector in the layer plane
and on the phase overrun at the superlattice period are calculated. The calculated
resulting inter-sub band scattering rates in the structure including the interface and
confined modes practically do not differ from those calculated in the bulk phonon
approximation.

A two-dimensional model for calculating energies and wave functions of
guantum-cascade heterostructures including charged impurities has been developed.
It is found that localized impurity states arise inside each superlattice subzone. Self-
consistent calculations of the Schrodinger equation and Poisson equation have shown
that the smallest inverse screening length is obtained when the impurity is located in
the center of a wide quantum well and the largest one is obtained when the impurity
Is located in a narrow quantum well. The charge transfer involving the impurity zone
leads to smoothing of the first phonon resonance in the voltampere characteristics,
which is especially important at low temperatures.

The results of this work can be used to develop quantum-cascade lasers and
detectors.



