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PE®EPAT

JunomHas padbora: 47 crpanul, 22 pucyHka, 20 HCTOYHUKOB.

Knouegvie crosa: KBAHTOBO-KACKAJIHBIE JIA3EPBLI; CPEJHUN
NH®PAKPACHBII JUAIIA30H; TETEPOCTPYKTVYPA InGaAs/AllnAs;
MOJEJIMPOBAHWE SHEPTETUYECKOM CTPYKTYPbI M BOJIHOBBIX
OVYHKIMNI; BOJIbTAMITEPHASI XAPAKTEPHCTHKA.

Obvekm  uccne0oéanus. KBAHTOBO-KACKaJHBIA Jla3ep HA  OCHOBE
rerepocTpykTypsl InGaAs/AllnAs, reHepupyronuii Ha JJIMHE BOIHBI 9.9 MKM.

Lenv pabomur: monenuposanue KKIJI cpemnero MK nmanazona Ha ocHOBE
InGaAs/AllnAs reTepoCTpyKTyp Y YCTAaHOBJIEHHE 3aKOHOMEPHOCTEH HX
reHEePAlMOHHBIX XapaKTEPUCTHUK.

B pe3ynbrare BBINOJHEHUS pabOTBl MPOBEAEHO MOJEIUPOBAHUE
HHEPreTUYECKOM CTPYKTYPbI U BOJHOBBIX (PYHKIIMM, a TAKXKE paCCUUTAHBI CIIEKTPBI
U3IIy4EeHHUs] CTPYKTYpPhl B pEXUME IeHepauuu B NpuOImxeHuu 3()PeKTuBHON
maccel M k-p-metomom. PaccumTaHbl 3aBHCHMMOCTH  IJIOTHOCTH  TOKa,
MaKCHUMaJbHOrOo KO3()(PUIMEHTa yCUJIEHUS, JJIMHBl BOJHBI NP MaKCHMaJIbHOM
Ko3(PUIIMEHTe YCWIEHHS] U BBIXOJHOM MOIIHOCTH OT HampsbkeHus. Takke
paccurTaHbl 3aBUCUMOCTH CUJIbI TOKA, MAaKCUMaJIbHOIO KOA(PPUIIUEHTA yCUIICHUS,
JUIMHBl BOJIHBI TPH MAaKCUMaJbHOM KO3(P(PUIMEHTE YCHJIEHHUS U BBIXOJHOU
MOIIIHOCTH OT TEMIIEPATYyPHI.

IloaTBEpKI€Ha  NPUIrOJAHOCTH  METOJAa  AHAIM3a  CHEKTPAJIbHBIX
xapakrepuctuk KKJI cpemnero MK nmana3oHa ¢ HCIOIb30BaHUEM MOJEIH,
OCHOBAaHHOW Ha CKOPOCTHBIX YpaBHEHHMSIX U YyueTa JAe(pasupoOBKH METOJ0M
Momupukanuu  cobcTBeHHOro ©Oa3uca ypaBHeHus Illpegunrepa myTem
YMEHBUIEHUS JUMOJIbHBIX MOMEHTOB TYHHEJIbHO-CBSI3aHHBIX COCTOSIHUI. Xopoliee
COOTBETCTBHE PacCUMTAHHBIX CHEKTPaIbHBIX XapaKTEPUCTUK C
HKCIIEPUMEHTAJIBHBIMU  PE3yJIbTaTaMH TOJIy4aeTcsl MPU HUCIMOJIb30BaHUU kp-
METO/1a JIIsl pacyeTa SHEPreTUYECKOM CTPYKTYPBHI.

[TosryueHHbIe pe3yabTaThl MOT'YT ObITh HCIIOJIB30BAHBI JUIsSI IPOEKTUPOBAHUS
u ontummsaiuu  KKJI  cpegnero WK nuamasona. PesynbTaThl  paOoThI
omyOnukoBaHbl B cOopHuke 14-oit Mexnaynapoanon HTK “KsanToBas
anekTpoHuka’, 2023 r.



PODEPAT
Jpimiomnas mipana: 47 ctapoHak, 22 MalltoHKa, 20 KpbIHILI.

Kniouasvia cnosvi: KBAHTABA-KACKAJIHBIA JIA3EPBI; CAP3/IHI
NHO®PAYBLIPBOHbI JBbIAIIA30H; T'ETOPACTPYKTYPA InGaAs/AllnAs;
MAJIDJISIBAHHE DHEPIETBIYHAM CTPYKTYPHI I XBAJIEBBIX
O VHKIIBINI; BOJIbTAMIIEPHA 1 XAPAKTAPBICTBIKA.

Ab'ekm  Oacnedaeanns. ~ KBaHTaBa-KACKaJHbBI  JIa3ep HA  ACHOBE
retapactpykTypsl InGaAs / AllnAs, reHepaBaibHbl Ha Aay>KbIHI XBall 9.9 MKM.

Mbta npanpl: magaasBanne KKJI csapsansra indpaubipBoHara ApiAna3oHy Ha
acHoBe InGaAs/AllnAs rerspacTpykTyp 1 YcTajsiBaHHE 3aKaHAMEpPHACIY 1X
TeHepaIbIHBIX XapaKTapBhICTHIK.

VY BBIHIKY BBIKaHaHHA pPaOOTHI TMpaBel3eHa MaJPJIsiBAaHHE HSHEPreThIYHAM
CTPYKTYPBI 1 XBaJIeBBIX (DYHKIIBIN, @ TaKCama pasilidyaHbl CIIEKTPHI BBITPaMEHbBAHHS
CTPYKTYpPHI ¥ pa:KbIME IreHepalibll ¥ HaOIKIHHI d(DeKThIyHal Machkl 1 K-p-meTagam.
Pa3zmiuanbl  3amexHacll IIYBUIBHACHI TOKY, MakciMaibHara Kad(ilbleHTa
VY3MalHeHHsI, JayKbIHI XBaJll MPhl MaKCIMAJIbHBIM Kad(ilbICHIIE Y3MaIlHEHHS 1
BBIXQIHOM MaryTHACII a1 Hanpy>kaHHs. Takcama pa3iidaHbl 3a1€KHACII CiJIbI TOKY,
MakcimManbHara kKad(ilpleHTa Y3MallHeHHS, JAay>KbIHI XBaJll MPbl MaKCIMalbHBIM
Ka3(ibIeHIIE Y3MaIlHEHHS 1 BBIXaJHOM MaryTHacIl aj TIMIIEPaTyphbl.

[TanBepakaHa npelgaTHACIb METaAy aHAJI3y CIIEKTPaIbHBIX XapaKTaphICThIK
KKJI capsansra iH@payblpBOHara JbIsiNa30HY 3 BBIKAPBICTAHHEM MaJddl,
3acCHaBaHall Ha XyTKACHBIX YpayHEHHSX 1 YKy 13¢a3zipoyki MmeTaaam Maabidikaibii
VnacHara Oazicy Yypaynenns IllpeauHrepa nuisixam MNaMsIHIIDHHS JBITTOIBHBIX
MOMAaHTay TYHOJbHA-3BSI3aHBIX cTaHay. JloOpas aamaBegHacIh pasiiidyaHbIX
CHEKTPAIBbHBIX XapaKTAPBICTHIK 3 IKCIIEPHIMEHTAIBHBIMI BhIHIKAMI aTPhIMITIBacI[a

MpBI BRIKAPBICTaHH1 k-p-MeTamy A pasiiKy SHEPTeThIYHAN CTPYKTYPHI.

ATpbIMaHbl BBIHIKI MOTYLb OBbIllb BBIKAPHICTAHBI [JISl TMPACKTaBaHHS 1
anteimizanibli KKJI cspannsra iHdpadsipBoHara awisina3oHy. BbpIHIKI mpaiibl
anyOsikaBaHbl ¥ 300pHike 14-aii Mixxnapognait HTK "KBanTaBasi snmekTponika’,
2023 r.



ABSTRACT
Diploma thesis: 47 pages, 22 drawings (graphs, diagrams), 20 sources.

Keywords: QUANTUM CASCADE LASERS; MID-INFRARED RANGE;
InGaAs/AliInAs HETEROSTRUCTURE; MODELING OF THE ENERGY
STRUCTURE AND WAVE FUNCTIONS; CURRENT-VOLTAGE
CHARACTERISTIC.

The object of research is a quantum cascade laser based on the
InGaAs/AlInAs heterostructure, generating at a wavelength of 9.9 microns.

The purpose of the work is to model the QCL of the mid-IR range based on
InGaAs/AllnAs heterostructures and establish patterns of their generation
characteristics.

As a result of the work, the energy structure and wave functions were
modeled, and the radiation spectra of the structure in the generation mode were
calculated in the approximation of the effective mass and k*p-method. The
dependences of current density, maximum gain, wavelength at maximum gain, and
total output power on voltage were calculated. The dependences of current strength,
maximum gain, wavelength at maximum gain and total output power on temperature
were also calculated.

The suitability of the method for analyzing the spectral characteristics of the
mid-IR QCL using a model based on velocity equations and taking into account
dephasing by modifying the intrinsic basis of the Schrodinger equation by reducing
the dipole moments of tunnel-bound states is confirmed. It is shown that a good
correspondence of the calculated spectral characteristics with the experimental
results is obtained by using the k-p method to calculate the energy structure.

The results can be used to design and optimize the QCL of the mid-IR range.
The results of the work are published in the materials of 14th International Scientific
Research Conference “Quantum Electronics”, 2023.



