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V. BimomocTi npo guceprauiio

Mosga guceprarii:

Koau TemaTHYHHUX PYOpPHK: 29.19

Tema gucepranii:

1. [lepe6yioBa €eHEPreTUYHNX PiBHIB TPOCTOPOBOTO KBAaHTYBAHHS Y AEJ/IbTa-JIETOBAHNUX KBAHTOBUX SIMaX.
2. Rearrangement of space quantization energy levels in delta-doped quantum wells

Pedepar:

1. TeopeTn4yHO mOCIIIKEHUH BILJIUB iOHi3alil fenbTa-mapy MiJIKOi JOMILIKY, pO3TalIOBAHOI B MEXKax

Si0.8Ge0.2 /Si/Si0.8Ge0.2 KBaHTOBOI sIMU, Ha Iepebdy0By €HEPreTUYHUX PiBHIB B 1iili KBAaHTOBIN aMmi. [Ipukiag,

NIO€JIHAHHS ABOX BU/IiB KBAHTOBHUX SIM — MIPSIMOKYTHOI (CpOopMOBaHa reteporepexogamiu) i V-noziéHoi (chpopmoBaHa

IOMIIIKOBMM JeJIbTa-11apoM), II0Ka3ye, 10 3'SIBJSIETbCS MOXJIUBICTb 3MiHM €HEPreTUYHOr0 3a30py MK PiBHSAMU

[IPOCTOPOBOrO KBAHTYBAHHS Y BXKe iCHYIOUill KBAaHTOBIN sIMi 32 JOITOMOTrOIO i0Hi3alii gesbTa mapy MinKkoi JOMILIKY.

[Ipu nigBuUILIEHHI CTyIeHs iOHi3awii JOMILIOK BiJIbHI €J1eKTPOHU 3'SBJISIOThCS Ha PiBHSIX IPOCTOPOBOrO KBAHTYBaHHS

B KBAHTOBIH SIMi Ta yTBOPIOIOTHCS ITIO3UTHUBHI i0HM B MeXXKax 00J1acTi fenbra-mapy, popmMydu oTeH1ian XapTpi, mo

HaKJIaJae€ThCsl Ha IPSIMOKYTHUH NOTEHUiaNbHUNA MPodinb. TaKUM YMHOM, OTPUMYETHCS BXKe HOBUI €HepreTU4HUM

npodinb Tiei camoi reTepOCTPYKTYPH, 3 HOBUM HaOOPOM PiBHIB IPOCTOPOBOTO KBAaHTYBaHHS. Lleil eeKT e 1ikaBuM i

IIOTEHLIHO KOPUCHUM, OCKIJIbKM TaKa 3MiHA Mae€ BIUIMB HA ONTUYHI NIEPEXOAM MIXK KiJIbLKOMA [IEPLUIMMU PiBHIMU. 32

IOTIOMOTOI0 METOJly CAMOY3T'O/I)KEHOI'0 PO3PaxXyHKy, O0yJIO OCIiI>KEHO BILJIMB Ha I1epedyl0BYy PiBHIB B KBAHTOBIN



SIMi TaKUX [TapaMeTPiB: MIMPHHA KBAaHTOBOI SIMU, [TO3ULLis IeJIbTa-JIeryBaHHSI, TOBIIMHA Jie/IbTa-11apy; 109aTKOBA
KOHIIEHTpALlisl JOMIIIOK, PO3NOiJ AOMIIIOK Y AeJbTa-1api, Ta CTyIiHb i0Hi3awii JOMIIOK. JoCiIpKeHNH BILJIUB
ioHi3amii JOMIIIKOBOrO ejbTa-1apy, Ha MDKIII30HHE ITOTJIMHAHHS KBAaHTOBOI SMU. BUSIBJIEHO, IO TOSIBA TA
ropjasbliia 3MiHa noTeHLiany XapTpi BHACigOK ioHi3alii gespTa-1apy Npu3BOIUT 40 3HAYHUX 3MiH Y 3araJlbHOMY
Koe@ilieHTi MDKIiA30HHOrO norauHaHHs. CHOPMyIbOBAHO i OOrPYHTOBAHO ifiel0 CTBOpPEHHS monysitopa TI'
BUIIPOMIHIOBaHHS Ha 0a3i JesibTa-jleroBaHuX KBaHTOBUX SIM. ByJ10 JociKeHo ONTUYHI BIaCTUBOCTI i AianazoH
HACTPOMKHU MOTEHLIHOro NpUIany NpyY Pi3HUX XapaKTePUCTHKAX KBAHTOBUX SIM, HAa OCHOBI SIKUX BiH C(POPMOBaHUI.
B pesysbTarTi MpoBeIeHOro HOCTiIKEeHHs! MOXKHA 3pOOMTH BUCHOBOK, 1O IIe Ha eTalli IPOeKTYBaHHS IpUIany
MO>KHA TIPOTHO3YBATH MO0r0 XapaKTePUCTUKY, TaKi SIK: IIMPUHA [iala3oHy HaJalITyBaHHS Ta MOXJIMBICTb
OZHOYACHOI MoayJsaLii meKinbKox TT' cMmyr

2. The influence of ionization of the delta layer of a shallow impurity located within a quantum well on the
rearrangement of energy levels in this quantum well is theoretically investigated. An example of a combination of
two types of quantum wells, rectangular (formed by the heterounctions) and V-shaped (formed by impurity delta-
layer), shows that it is possible to change the energy distance between space-quantization levels in an existing
quantum well by ionizing the delta layer of a shallow impurity. As the ionization degree rises, free electrons appear
at space-quantization levels in the quantum well, and positive ions are created within the delta layer that form the
Hartree potential superimposed on the rectangular potential profile. Thus, obtained a new energy profile of the
existing heterostructure, with a new set of space-quantization levels. This effect is interesting and potentially
useful, because this change has the influence on the optical transitions between few first levels. Using the self-
consistent method, the influence on the rearrangement of levels in the quantum well of the following parameters
was investigated: quantum well width, delta doping position, delta layer thickness, the initial concentration of
impurities, the distribution of impurities in the delta layer, and ionization degree. The influence of ionization of the
delta layer of impurities on the intersubband absorption of a quantum well has been investigated. It was found that
the appearance and subsequent change of the Hartree potential due to ionization of the delta layer leads to
significant changes in the overall intersubband absorption coefficient. The idea of creating a modulator of THz
radiation on the basis of delta-doped quantum wells is formulated and substantiated. The optical properties and
the tuning range of the potential device at different parameters of the quantum wells it used, were investigated. As
a result of the study we can conclude that even at the design stage of the device can predict its characteristics,
such as: the width of the tuning range and the possibility of simultaneous modulation of several THz bands.
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