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PEDOEPAT
Junmomuas pabota: 44 ctpaHuiibl, 22 WITIOCTpAIK, 33 UCTOYHUKA.

Kniouesvie cno8a. KBAHTOBO-KACKAJTHbBI JIA3EP,
OJIEKTPOMAT'HUTHBIE MOJIbI JIASEPOB, YPABHEHIA MAKCBEJUJIA,
MOJIEJIMPOBAHUE  OJJIEKTPOMATI'HUTHBIX  MOJI KBAHTOBO-
KACKAJIHbIX JIA3EPOB, JE®EKTHBI PE3OHATOPOB B JIA3ZEPAX,
WOLFRAM MATHEMATICA.

Obvexm u npedmem ucciedo6aHus: BIUSHUE CTyNEHYATOro Ae(exTa oJHON
IpaHU PE30HATOpPa HA MOJIOBBIM COCTaB KBAHTOBO-KACKAHBIX JIa3€POB.

B paGote BBINONHEHO WCCIEIOBAaHUE MOJIOBOM CTPYKTYpbl KBaHTOBO-
KACKaJHBIX JIA3€pOB TepareproBoro auanazoHa. I[IpoBeneHo MopaennpoBaHuE
AIIEKTPOMATrHUTHBIX MOJI B UJCAIBHOM PE30HATOPE MPABWIBHOW MPSIMOYTOJBbHOM
(bopMBI, a TAKXKE B PE30HATOPE CO CTYNEHYATHIM J1€(PEKTOM OJIHOM rpaHu. Pemenue
BOJIHOBOT'O YPAaBHEHHMS JJI HAIPSHKEHHOCTH 3JIEKTPUUYECKOTO OISl B PE30HATOPE C
HYJIEBBIMU T'PAaHUYHBIMU YCJIOBHMSIMU HAWJEHO YMCIEHHO KaK pELIEHUE 3a/1aud Ha
COOCTBEHHbIC 3HAUECHUSI U COOCTBEHHBIE BEKTOPA.

YcraHoBi€HO, 4YTO Haiuuyue JAedeKra TrpaHu pe3oHaTopa MPUBOAMT K
BO3HMKHOBEHHIO  HEOJIHOPOJHOTO  paclpelefieHusi  IUIOTHOCTH  DHEPruu
AIIEKTPOMAarHUTHOM MOJbI B pe3oHarope. Hampumep, ajig u3nydeHHsl Ha JIJIMHE
BoJIHBI 100 MKM B pe3oHarope pazmepom 30 X 1000 MKM Hanuyue CTYyNEeHYaTOro
nedexra BBIXOAHOW TIpaHU TJIYyOMHOM B YETBEPTHb [JIMHBI BOJIHBI B BEIIECTBE
OPUBOJUT K HEOJHOPOAHOCTH PACHPENECTICHUs] HWHTEHCUBHOCTH MOl BJOJb
pe3oHaTopa CO CTaHJIAPTHBIM OTKJIOHEeHHWeM &.7%. Ilpu yBenumueHuu TITyOMHBI
nedekTa 10 OJIOBUHBI JIJIMHBI BOJIHBI B BEILIECTBE HEOAHOPOIHOCTh pacIpeiesieHus
BJIOJIb Pe30HATOpa yBenuuusaercs 10 19.2 %.

[lonydyeHHble pe3ynbTaTbl MOTYT OBITh MCHOJB30BaHbl IPU  aHAIHU3E
U3JTy4aTeIbHbIX XapaKTePUCTUK U MPOEKTUPOBAHUU KBAHTOBO-KACKAIHbIX JIa3€POB
TeparepLoBOro AUana3oHa.
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Ab'exm i npaomem doacnedasanus: yIibly cTyneHicTara 713G eKkTy aaHoi rpaHi
pa3aHaTapa Ha MOJAaBhI CKJIaJ] KBAaHTaBa-KaCKaIHBIX Jiazepay.

VY mpaiisl BeIKaHaHA JaciielaBaHHe MOIaBail CTPYKTYPhI KBAaHTaBa-KaCKaHBIX
Ja3epay TepareplioBoro npisamna3oHy. [IpaBen3eHa MaadssBaHHE AJIEKTpaMarHiTHBIX
MOJI Y 1/1PaJbHBIM p33aHaTapbl MpaBUibHAW MpacTakyTHal (Gopmbl, a Takcama ¥
pA3aHaTaphl ca CTYNEeHICThIM A3(PeKTaM aIHOM rpaHi. PanmmHHe XxBaneBara payHaHHS
JUISL Hampy»KaHaCIl AJIEKTpbhlYHAra MoJisi ¥ pa33aHaTapbl 3 HYJISBBIMI MEKaBbIMI
yMoOBaM1 3HOW/I3€HA JIIKaBa K palllPHHE 3aJa4ybl HA YJIACHBIS 3HAUDHHI 1 YIaCHbBIA

BEKTaphl.
Ycranoynena, mro HasyHacb JPGEKTy TpaHi pa3aHaTapa MpbIBOI3INb J1a
V3HIKHEHHS HeaJHapoaHara pa3MepKaBaHHSA IIYbUTHHACII DHEPrii

AJIEKTpaMarHiTHat Mojbl ¥ pa3aHaTapbl. Hampeikiaa, ajis BeIIpaMeHbBAHHSA Ha
nayxpiHl xBaimi 100 mMxM y pazanatapel mamepam 30 x 1000 MkM HasyHaACIb
cTyrneHictara A3¢eKTy BbIXOJHAW TpaHi TVIBIOIHEN Yy YBIPIL AAYXKBIHI XBasll ¥
pAUbIBE MPBHIBOJBING Ja HEaJHAPOJHACI pa3MEepKaBaHHS IHTIHCIYHACII MOJbI
¥310y>K p33aHaTapa ca CTaHJAapTHBIM aaxiaeHHeM 8.7%. [Ipsl maBeaiusHHI TIBIOIHI
TPGEKTy Ja MaJioBbl Ay KbIHI XBalll ¥ pAUbIBE HEaTHAPOJHACIL pa3MEepKaBaHHS
¥310Y>k pa3aHaTapa naBsuriuBaeriia aa 19.2%.

ATpbIMaHbI  BBIHIKI  MOTYIb  OBIIb  BBIKAPBICTAHBI MPBI  aHAJI3e
BBITTPAMEHBBAIILHBIX XapaKTAPBICTHIK 1 MPAeKTaBaHH1 KBAHTAaBa-KACKAIHbBIX Jla3zepay
TEparepIioBOro JbISANA30HY.
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Object and subject of research: the influence of a stepped defect of one
resonator face on the mode composition of quantum-cascade lasers.

In this graduate studies, we study the mode structure of quantum-cascade
lasers in the terahertz range. Simulation of electromagnetic modes in an ideal
resonator of a regular rectangular shape, as well as in a resonator with a stepped
defect of one face, is carried out. The solution of the wave equation for the electric
field strength in a resonator with zero boundary conditions is found numerically as
a solution to the problem on eigenvalues and eigenvectors.

It has been found that the presence of a defect in the resonator face leads to
the appearance of an inhomogeneous distribution of the energy density of the
electromagnetic mode in the resonator. For example, for radiation at a wavelength
of 100 um in a resonator 30 x 1000 um in size, the presence of a stepped defect in
the exit face with a depth of a quarter of the wavelength in the material leads to a
nonuniform distribution of the mode intensity along the resonator with a standard
deviation of 8.7%. As the depth of the defect increases to half the wavelength in the
material, the inhomogeneity of the distribution along the resonator increases to
19.2%.

The results obtained can be used in the analysis of radiative characteristics
and in the design of quantum-cascade lasers in the terahertz range.



