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PE®EPAT

JunnomHuas padbora: 44 crpanuusl, 20 wotoctpanui, S0 HCTOYHUKOB.

Knoueswvie cnosa: KBAHTOBO-KACKAJITHBIN JIASEP, YPABHEHUS
MAKCBEJUIA, JOJIEKTPOMAI'HUTHBIE MO/JbI, PACIIPEJAEJIEHHAS
OBPATHAA CBA3b, TO®OPUPOBAHHBIE 'PAHU PESOHATOPA.

Obvexm ucciredo8anus: pe30HaTOP KBAHTOBO-KACKaHOTO Jla3epa

lIpeomem uccnedosanus: MOJOBasi CTPYKTypa dJIEKTPOMArHUTHOTO TOJISI.

Llenv pabomwvl — aHANN3 MOJOBOU CTPYKTYpPhl KBAaHTOBO-KACKaHBIX JIa3€pOB
TEepareploBOro JMana3oHa B pPE30HATOpPEe € TO(QPUPOBAHHBIMH TPAHIMH U
YCTAHOBJICHUSI BJIUSHUS TITyOUHBI rodypa Ha KO3PGUIIMEHT 0OpaTHOM CBSI3H.

B pabGore BBINMOJHEHO WCCIEAOBAHUE MOJOBOM CTPYKTYpPhl KBaHTOBO-
KAacKaJHBIX JIa3epOB TeparepioBoro auamnazoHa. I[IpoBereHo MojaenupoBaHuE
AJIIEKTPOMATrHUTHBIX MOJI B UJCAIBHOM PE30HATOpPE MPABWIBHOU MPSIMOYTOJIBbHOMN
(b opMBbl, a TaKKE B PE30HATOPE CO CTYNMEHYATHIM rohpoM OOKOBBIX rpaHeil. Perenue
BOJIHOBOT'O YPaBHEHHUS ISl HAIIPSHDKEHHOCTHU JICKTPUYECKOTO OIS B PE30HATOPE C
HYJIEBBIMU TPAHUYHBIMU YCJIIOBHSIMHU HAWJIEHO YMCIECHHO KaK pEeIleHUE 3a/lauyd Ha
COOCTBEHHbIC 3HAYCHUS U COOCTBEHHBIE BEKTOPA.

YcraHoBiIEHO, 4YTO TIpU  HaIU4YMM Trodpa B CTPYKTYpE CYHIECTBYIOT
AJIEKTPOMATrHUTHBIE MOJIbI, JIOKAJIM30BaHHBIE BOJU3M IIeHTpa pe3oHartopa. Jlis
U3JIy4eHus Ha JiuHe BoJHbI 640 MkM B pe3oHaTope pazmepoM 30 X 1000 mxm aiis
riyounsl roppa 1.5, 3.0, 4.5, 6.0, 6.75 MM ko3puiueHTs 00paTHON CBSI3H,
paccuUMTaHHbIC KaK TMPUBEICHHBIA K CAMHUYHOW JUIMHE JIorapu(M OTHOIICHUS
WHTCHCUBHOCTEH B IICHTPAJIbHON M OOKOBOHM IMYyYHOCTSX, COCTaBISIIOT 9.29, 9.42,
9.65, 10.16, 11.65 cm™ coorsercTBenHo. [Ipyu nanbHENIIEM YBEIMYEHUH TIIyOUHEI
rodpa pe3ko yBenuuuBaercs KodPpPuImeHT o0paTHOM CBS3H, U DJIEKTPOMArHUTHAS
MOJIa JIOKaJIU3yeTcsl B 00J1acTh pazMepoM 1.5 IIIMHBI BOJHBI B BEIIECTBE.

[ToydeHHBIE pe3ynbTaThl MOTYT OBITh HWCIOJB30BAaHBl TIPH  aHAIH3E
U3ITydaTeIbHBIX XapaKTePUCTUK U MPOSKTUPOBAHUY KBAHTOBO-KACKAIHBIX JIa3€POB
TEparepioBOro AuanazoHa.



PODEPAT

Jeimiomnas npana: 44 crtaponki, 20 utrocTpalibiii, S0 KpbIHill.

Kniouasvia cnosvi: KBAHTABA-KACKAIHbBI JIA3SEP, DJIEKTPAMALIL -
HITHBISI MOJIbI JIASEPAY, VPAVHEHHI MAKCBEJIA, MAJIDJISIBAHHE
DJIEKTPAMATHITHBIX MOJI KBAHATABA-KACKAJIHBIX JIA3EPAY,
JIDDEKTHI PO3AHATAPAY V JIASEPAX, WOLFRAM MATHEMATICA.

Ab'exm dacneoasannus: pa3aHaTap KBaHTaBa-KacKajHara Jiazepa
Ilpaomem oacneoasanus: MoiaBasi CTPyKTypa dJIeKTpaMarHiTHara moJs.

Mb>ma npaysi — aHanmi3 MojaBail CTPYKTYphl KBaHTaBa-KaCKaIHBIX Jiazepay
TEepareploBOro JbIAMa30Hy Y poa3aHatapel 3 radpblpaBaHbIMI TpaHsaMi 1
ycTaHayJeHHs YIUIbIBY TJIbIOIHI rod)pa Ha Ka3(ilbIEHT 3BapOTHAM CYyBS31.

VY mpanel BeIKaHaHA JaciielaBaHHE MOJIaBail CTPYKTYpbl KBAaHTaBa-KaCKaIHbIX
Jazepay TeparepiioBoro aslisnazony. [IpaBea3eHa MaadisBaHHE JIEKTpaMarHiTHBIX
MOJ1 Y 1713aJIbHBIM p33aHaTaphl IpaBUIbHAN IpaMaByrojibHail Gopmsbl, a Takcama y
p33aHaTapbl ca CTYNEHICTBIM To(dpaM OakaBbix rpaHsy. PamHHe XxBaneBara
YpaVHEeHH] [JIs Hampy’KaHaclll AJIEKTphIYHAra IoJig ¥ pia3aHarapbl 3 HYJISABBIMI
MeXaBbIMI YMOBaMi 3HOMJ36HAa KOJbKAacHa SK pallldHHE 3a7aubl Ha YJIacHbISA
3HAYAHHA 1 YIJIACHBIS BEKTapa.

VYcranoynena, 1mTO Tphl  HasyHaci rodpa Y CTPYKTYphl ICHYIOIb
ANIEKTpaMarHiTHbIl MoJbl, JlakamizaBanbld na0Mi3y IPHTpa pa3aHarapa. /Jlns
BBITIPAMEHbBAHHS Ha JayXbIH1 XBajl 640 MkM y pazanarapsl mamepam 30 x 1000
MKM 18 TbI01H1 Todpa 1.5, 3.0, 4.5, 6.0, 6.75 MKM Ka3(ilbIeHThI 3BapOTHAH CYBS3I,
paslliyaHpld SK TPBIBEA3CHBI Ja aJ3iHKaBal Jay>KbIHI JlarapblpM aaHOCIHBI
iHTIHCIYHacHsY y [pHTpansHal 1 6akaBbl MyYHOCTSIX, CKiIanamib 9.29, 9.42, 9.65,
10.16, 11.65 cm™ agnasenna. [Ipsl naneimsiv naBeniusHHI TILIOIHI Todpa pI3Ka
naBsuliyBaenia Kad(ibIeHT 3BapoTHAW CyBsi3l, 1 DJJEKTpaMarHiTHas Moja
Jakajizyenua y rajgine namepam 1.5 nayKbiH1 XBajll ¥ poubIBeE.

ATpbpIMaHbll  BBIHIKI ~ MOTryIlb  OBbIllb  BBIKAPBICTaHBl IPbI  aHaII3e
BBIITPAMEHBBAJIbHBIX XapaKTAPBICTHIK 1 MPAeKTaBaHH1 KBAHTaBa-KaCKaIHbIX Jla3epay
TEPArepLoBOro AbIANAa30HY.



ABSTRACT
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Keywords: QUANTUM CASCADE LASER, MAXWELL EQUATIONS,
ELECTROMAGNETIC MODES, DISTRIBUTED FEEDBACK, CORRUGATED
RESONATOR FACES.

Object of research: resonator of a quantum cascade laser

Subject of research: the mode structure of the electromagnetic field.

The aim of the work is to analyze the mode structure of quantum cascade
lasers of the terahertz range in a resonator with corrugated faces and to establish the
effect of the depth of the corrugation on the feedback coefficient.

The study of the mode structure of quantum cascade lasers of the terahertz
range is carried out. Electromagnetic modes are modeled in an ideal resonator of a
regular rectangular shape, as well as in a resonator with a stepped corrugation of the
side faces. 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 of eigenvalues and eigenvectors.

It is established that in the presence of a corrugation in the structure there are
electromagnetic modes localized near the center of the resonator. For radiation at a
wavelength of 640 microns in a resonator measuring 30 x 1000 microns, for a
corrugation depth of 1.5, 3.0, 4.5, 6.0, 6.75 microns, the feedback coefficients
calculated as the logarithm of the ratio of intensities in the central and lateral
antinodes reduced to a unit length are 9.29, 9.42, 9.65, 10.16, 11.65 cm,
respectively. With a further increase in the depth of the corrugation, the feedback
coefficient increases sharply, and the electromagnetic mode is localized in a region
of 1.5 wavelengths in the substance.

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



