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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

EnexkTpoMarsniTHe MOJ€JIIOBaHHS MIiKPO Ta HAaHO Jla3epiB 3 PE30HAaHCHUMU IpapeHOBUMU €JleMEHTaMU, Ha [10PO3i

CTaHiOHapHOFO BI/IHpOMiHIOBaHHH

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Electromagnetic modeling of micro and nano lasers with resonant graphene elements, at the threshold of
stationary radiation

Pedepar yKpaiHCBKOIO:

Bysnu nnpoBeneHi CUCTEMATUYHI YMCEJIbHI €KCIIEPUMEHTH 3 MOJIEJIIOBAHHS IOPOTOBUX YMOB [IJIs1 HAHOJIA3€PiB, 10
posrisaanucs. Ha oCHOBi OTpMMaHUX pe3yJibTaTiB BUPOOJIeH]I peKOMeH ALl 1[0 0 IPOEKTYBaHHS KBa3i-
OJHOMOJIOBUX HaHOJIa3€PiB 3 IIJIA3MOHHUMH MOJaMHu. 3'SICOBAHO, 1[0, HEOOXiTHO, 06 pO3Mipy KBAHTOBO-aKTUBHOI
30HU OyJIM MEHIIVMMU 32 [IeKiJIbKa MIKpDOMETPIB, TO/i YaCTOTH i TOPOrM HIDKYMX IJIAa3MOHHUX MOJ, IPUHANMHI Ha
MOPSAOK, MEHII 32 YACTOTH i TOPOTU HMKYMX MOJ, aKTUBHOI 30HU. YaCTOTHU i NOPOTY MJIa3MOHHUX MOJ, MOXKHA
[IepeCTPOIOBATH BABiUi i HABiTh BTPMYi 32 JOIIOMOTOIO XiMIiYHOrO NOTEHIiaNny rpadeHy, TOOTO €JIeKTPOCTAaTUIHUM
yHOM. Y 2020-2023 pp. 1o pe3ysbTaTam JOCJiIKeHb OIy6JlikoBaHO 14 craTeil (3 Hux 3 y 2023 p.) y IpoBigHUX
MIXKHapOJHUX KypHaJaX 3 eJIeKTPOMarHiTHoi Teopii, ontuku Ta potoHiky 3 kBaptuiuis Q1 (4), Q2 (9) i Q3 (1)
(xBapTini 3a ganumu 2022 p.). lle 5 crareii 6yJ10 MOaHO Ta NOJAETHCS 110 XypHaiB 3 Q1-Q2 1o kiHug 2023 p. Li
IOOCJiIKEHHS Iajiy 3Mory 3poouTu npotsirom 2020-2023 pp. 22 gonosigi (3 Hux 6 y 2023 p.) Ha MbKHapOgHUX
KOH(MEPEeHLSX, 0 IPUCBSIYEHI BKa3aHUM 33J]Ja4aM PO3CisIHHS XBUJIb Ta MOJIEJIIOBAHHIO MOJ, HAHOJIA3€ePiB 3

rpadeHOBMMU eJIeMEeHTaMU.

Pedepar aHI1iliCbKOIO:

We have performed systematic computational experiments around the modeling of the threshold conditions for
the modes of considered nanolasers. Based on the obtained results, certain recommendations have been
elaborated for the design of quasi-singlemode nanolasers on plasmonic modes. As found, the dimensions of the
active region should be smaller than several micrometers to have the emission frequencies and thresholds of the
lowest plasmon modes by order lower than those of the lowest modes of the active region. Both frequencies and
thresholds of the plasmon modes can be electrostatically tuned within a factor of two and even three with the aid
of the chemical potential of graphene. In 2020-2023, based on the results obtained, we published 14 papers
(including 3 in 2023) in the leading international journals on electromagnetics, optics and photonics from quartiles
Q1 (4), Q2 (9) and Q3 (1) (the quartiles according to the data of 2022). Another 5 papers have been and are
submitted in 2023 to the journals from Q1-Q2. These studies have enabled us to present 22 short papers (including
6 in 2023) at international conferences held in 2021-2023, on the modeling of the eigenvalue and wave scattering
problems for nanolaser configurations with graphene elements.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Haszsa HTII ykpaiHCBKOIO: [TIpomixuwmii 38iT 3a 2023 p. (3ak/mo4Huii 38it, 32 2020-2023 pp.)
Ha3zsa HTII anrJificbKo¥0: Intermediate report of 2021 (final report 2020-2023)

HTII, aKy nepenba4asiocsi CTBOPHTH:

IIpuunnu, yepe3s saki HTII e Gysio cTBOpeHO:

OTrpumaHi Pe3yJbTaTH: Meroau, Teopii, [[porpamui mpoayktu

l'asmy3b 3aCTOCYBaHHS: y chepi IPUPOAHUYNX | TEXHIYHUX HAYK

PeecTpanifiHuil HOMep KapTKH T€XHOJIOTii:

Omnuc HTII: IMpomixkuwuii 3sit 3a 2023 p. (ocTatounwmii 3sit 3a 2020 - 2023 pp.), BiAOBIAHO [0 BUMOT TEXHIYHOTO
3aByaHHs Ha 2023 p., MicTUTh iHPOpMaIIio MO0 CUCTEMATUYHOTO YMCEIBHOTO OCIIIKEHHS 33/1a4 PO3CisTHHS
XBWIb i 337124 Ha BJIACHI 3Ha4€HHSI, TOOTO BUBYEHHSI IOPOTOBUX YMOB JIJI1 MOJ, HACTYIIHUX KOHpirypauii
HaHOJIa3€piB, o N0OYJ0BaHi HA OCHOBI KBAHTOBUX HUTOK 3 rPa)€HOBUMU 000JIOHKaMU, rpap€HOBUX CTPIYOK Ha
NIOBEPxHi a60 BCepeIMHi KpyroBoi KBAHTOBO-aKTUBHOI HUTKHY, PELIITOK 3 rpadeHOBUX MIKPOCTPiuOK, HAHECEHUX Ha
IIJIOCKi KBAHTOBO-aKTHBHI MiIKIa1KK, Ta rpad€HOBOrO AUCKY Ha IIOBEPXHi aKTMBHOTO IUCKY. Lle Bkioyae
OITUMI3aLlio [IPOrpam MJIsl 33424 Ha BJIACHI 3HAYEHHS i 337124 PO3CisIHHS XBUJIb [JIs1 OCSTHEHHI IX MAKCUMaJIbHO
MO>KJIMBOI MIBUIKO/II Ta IPOBEIEHHS YUCEJIbHOIO NOCIIIIPKEHHS 3a71a4 PO3CIisSIHHS XBUJIb i 337124 HA BJIACHI
3HAYEHH$, TOOTO BUBYEHHSI [IOPOTOBMX YMOB /JIS1 MOJ], HAHOJIa3epiB 3 rpad)eHOBUMY PE30HaHCHUMU ejieMeHaMu. [1o
pesyJbTaTaM JOCIiI>KeHb MOXHO 3pOOUTU HACTYIIHI BUCHOBKU: - YCi BUBYeHi KOHirypalii HaHoJ1a3epiB €
KOMIIO3UTHUMM BiIKDUTUMU PE30OHATOPAMHU, 110 MIiCTSITh Ai€JI€KTPUYHI €JIeMeHTH i rpadeHOBi €JIeMEHTH.
BHacifok 1boro, BOHM MaloTh Taki BJIACHI MOJIY, III0 € MOJAMU JIieIEKTPUYHUX €JIEMEHTIB, 110 30ypeHi HasBHICTIO
rpadeHy, a TaKoX Taki MO, 1O € IIJIA3MOHHUMU MojlaMu rpadeHOBUX €JIEMEHTIB. - SIKII0 PO3MIpH [ieIeKTPUYHUX
i rpadeHOBUX €/IeMEHTIB € MOPiBHIHUMU MK CO0010 i MEHIINMU 32 1 MKM, TO YaCTOTH HMKYMX IIJIA3MOHHUX MO]]
3HAYHO, TPUHANMHI Ha MOPANOK, MEHIIi 32 YaCTOTU HIKYUX MOJ, lieJIEKTPUYHUX €JIEMEHTIB. Lle no3Bose
IIPOEKTYBATH KBa3i-0gHOMOIOBI HAHOJIa3€epH 3 [IJIa3MOHHUMH MOJIaMHU SIK poboyumu. - YacTtoTtu i moporu
II7Ia3MOHHUX MOJI, MO>KHA [IepEeCTPOIOBATHU 3a JOIIOMOroI0 XiMiYHOro noTeH1jiany rpadeny, To6To
€JIEKTPOCTaTUYHUM YMHOM. TUIIOBUM € [1ialla30H 4YaCTOTHOTO JIAIITYBAaHHA y 3 pa3y, Hanpukiam, 3 2 no 6 TI'y, pag

rpaeHOBYX e1leMeHTIB 70 MKM 3aBLIIMPIIKY, IO AOCITAe€ThCS 3MIHOIO XiMidyHOTrO norteHujany 3 0.1 eB no 1 eB.

ConianbHO-eKOHOMIYHA crpsimoBaHicTh HTII: Cteopenns npuHumnoBo HOBOI mpoAyKiii (Matepiasis,
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BnposagskeHHst HTII: He supoBamxeHo
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