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1. Ilepeby0oBa €eHEPreTUYHUX PiBHIB IPOCTOPOBOIO KBAaHTYBAaHHS Y [leJIbTa-JIeTOBAHUX KBAHTOBUX SIMax.

2. Rearrangement of space quantization energy levels in delta-doped quantum wells

Pedepar:

1. TeopeTn4yHO mOCIiIKEHUH BILIMB iOHi3alii febTa-mapy MiJIKoi JOMILIKY, pO3TAlIOBAHOI B MEXKax
Si0.8Ge0.2/Si/Si0.8Ge0.2 KBaHTOBOI IMU, Ha IIEPEOYJOBY €HEPreTUYHUX PiBHIB B 11iil KBaHTOBIN siMmi. [Tpuknan,
[IO€JHAHHS JBOX BU/IiB KBAHTOBUX SIM — IIPSIMOKYTHOI (cpopmoBaHa reteponepexongamu) i V-nionioHoi (chopmoBaHa
IOMIIIKOBMM JeJIbTa-1IapoM), II0Ka3ye, 10 3'SIBJSIETbCS MOXJIMBICTh 3MiHM €HEPreTUYHOTIO 3a30py MK PiBHSAMU
IIPOCTOPOBOTO KBAHTYBAHHS Yy BXXE iCHYIOUill KBAHTOBIH $IMi 3a JOITOMOTOIO i0Hi3allii AebTa MWapPy MiJIKOi JOMIILIKU.
[Tpu nigBuUIEHH] CTyIIeHs i0Hi3awii JOMIIIOK BiIbHI €JIeKTPOHY 3'SIBJISIIOTHCS HAa PiBHSX [IPOCTOPOBOIO KBAHTYBaHHS
B KBAHTOBI SIMi Ta yTBOPIOIOTHCSI IO3UTUBHI i0HM B MEXKax 00J1aCTi fesbTa-1mapy, GopMyuu MoTeH1ian XapTpi, o

HAKJIAJIA€ThCS HA IPSIMOKYTHUH NOTEHLiaNbHUAN NPOQiib. TaAKMM YMHOM, OTPUMYETHCS BKe HOBUI €HEPreTUYHUN



npo@inb Tiei camoi reTepOCTPYKTYpH, 3 HOBUM HAOOPOM PiBHIB IPOCTOPOBOTO KBAaHTyBaHHS. Llell e(eKT € LikaBuM i
MOTEHLiTHO KOPUCHUM, OCKiJIbKY Taka 3MiHA Ma€ BIJIMB HA ONTUYHI IePeX0u MiX KiJIbKOMa [IEPIIMMHU PiBHIMU. 3a
IIOTIOMOTOI0 METOJly CAMOY3T'O/I)KEHOI'0 PO3PaxXyHKy, O0yJIO IOCIiI>)KEHO BILJIMB Ha [1epelbyl0BYy PiBHIB B KBAHTOBIN
SIMi TaKMX [TapaMeTpiB: MKUPHHA KBAHTOBOI SIMU, [TO3ULLis [leJIbTa-JIeryBaHHSI, TOBIIMHA JleJIbTa-11apy; 1049aTKOBA
KOHLEHTpALisl JOMIILIOK, PO3IIOAiJI JOMILIOK y IeJbTa-1api, Ta CTyIiHb i0Hi3awii JOMIOK. JoCiimKeHnii BILJINB
ioHi3alii JOMIIIKOBOrO IejbTa-1apy, Ha MDKIIII30HHE MTOTJIMHAHHS KBAaHTOBOI SMU. BUSIBJIEHO, IO ITOSIBA TA
Iofasbliia 3MiHa IoTeHLiany XapTpi BHACiLOK i0oHi3alii gespTa-1mapy NpU3BOIUTL 40 3HAYHUX 3MiH Y 3araJlbHOMY
koe(ilieHTi MDKIIiA30HHOrO norauHaHHsA. CHOPMyIbOBAHO i OOIPYHTOBAHO ifiel0 CTBOpPEHHS MonyJsitopa TI
BUIIPOMIHIOBaHHS Ha 6a3i JesibTa-jIeroBaHuX KBaHTOBUX SIM. ByJ10 JoCiKeHo ONTUYHi BIaCTUBOCTI i AianazoH
HaCTPOMKHU NOTEHLiITHOTO NIpUJIafy IPU Pi3HUX XapaKTE€PUCTHUKAX KBAHTOBUX SIM, HA OCHOBI IKMX BiH CpOPMOBaHUI.
B pesysbTaTi MpoBeIeHOro JOCTiIKeHHsSI MOXKHA 3pOOMTH BUCHOBOK, 11O IIe Ha eTalli IPOeKTYBaHHS IpUiany
MOJKHA [IPOrHO3YBATH MO0 XapaKTEPUCTUKY, TaKi SK: LIMPUHA Jialla30Hy HAJIAITYBaHHA Ta MOXKJIMBICTD
OZHOYACHOI MoayJsLii neKinbkox 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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