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1. BB MOJOBOTO CKJIaZy Ha p060‘{i XapPaKTEPUCTUKU HaHiBHpOBiILHI/IKOBI/IX JIaBepiB 3 BEPTHUKAJIbBHUM PE€30HATOPOM

2. Influence of optical mode composition on operating characteristics of vertical-cavity surface-emitting

semiconductor lasers.

Pedepar:

1. O6’exT mocaigyKeHb: HAMIBIPOBITHUKOBI iH)KeKLiNHi Ja3epu (HI1JT) 3 BepTUKaJIbHUM PE30HATOPOM, OKCUTTHUM
BIKHOM Ta KBAHTOBOPO3MipPHOIO aKTMBHOIO IiJIIHKOI0. MeTa: TEOPETUYHUI ONMC BIJIUBY MOLOBOTO CKJIALy
BUINPOMIHIOBaHHS Ha CTaTUYHI Ta OJUHAMIYHI XapaKTepUCTUKY imkeKuiinHux HITI 3 BepTUKaZIbHUM PE30HATOPOM Ta
OKCHJITHAM BIKHOM, a TaKOX JOCJIiI)KeHHSI MOKJIMBOCTI 3aCTOCYBaHHS IBOMipHOro poToHHOro kpucrana (OK) 3
IIPOCTOPOBUM Je(EKTOM [1J11 Ofep>KaHHsI OHOMOJ0BOI reHepalii sazepis 1jporo Tuiy. MeTonu: Bigomi metonu
TeOpEeTUYHOi Pi3UKY Ta MaTeMaTUYHE MOJIEIOBAHHS IIPOLIECIB i3 3aCTOCYBAHHSIM Cy4yaCHOi €JIEKTPOHHO-

004K CII0BaIbHOI TeXHIKU. BukopuctaHo npencrasnenss OK y Burisagni cepenosuina 3 e(peKTUBHUM 3HAaYE€HHSIM
IIOKa3HMKa 3asioMjeHHs nBomipHoro QK. PesynbraTty, HoBU3Ha: MonudikoBaHO AeTasi30BaHy
IVPy3iHO-OMHAMIYHY MOJI€Jb 32 PaXyHOK BBEJIEHHS aHaJli3y B TEPMiHaxX KOHLIEHTPALii, 10 MOJINIINUIIO 30iraHHs
YMCEJIbHMX METO/IB i CKOPOTUJIO YaC PO3PaxyHKy. 3 BUKOPUCTAHHIM JAHOI MOZE SOCIII)KEHO MOIYJISILINHI

xapakrepuctuky HIJI 3 BepTHKaJbHUM PE30HATOPOM B OJHO — i6araToMO/I0BUX YMOBAaX i II0OKa3aHo, 110



OJHOMOJOBUI JIa3ep Mae Oi/IbLI HIMPOKY CMYTYy MOAYJIAL, a CTBOPEHHS OOHOMOJJOBUX YMOB BiTOMUMU METOLAMU
BHPAXKa€ThCS B 3MEHILIEHHI IIOTY>KHOCTI BUTIPOMiHIOBaHHS. PO3IJISIHYTO JBa TUIIM IPOCTOPOBUX e EKTIB y
nBomipHOMYy OK, yTBOpEHUX IIPOITYCKOM OJHOTO YU JIeKiJIbKOX OTBOPIB, Ta AOBEAEHO 110 AedEKT EPIIOTo TUITY
HaM6inb e(peKTUBHUI NIPY MOr0 BUKOPUCTAHHI 11711 YTBOPEHHS OLHOMOJIOBMX YMOB B TaKMX JIa3€pax.
3anponoHOBaHO i BUKOPHUCTAHO METOMMKY, SIKA 103BOJIMIIA 3HAUTH YMOBU PO3MEXKYBAHHS OLHO- i 6araTOMOJOBUX
YMOB B JOCJIiJ)KyBaHUX Jlazepax. Po3po6sieHo KoMIlyIeKe pillleHb i peKoMeHaalliil 11070 YTBOPEHHS OJHOMOLOBUX
ymoB y HIJI 3 BepTHKaJIbHMM PE30HATOPOM Ta Y XBUJIEBOJHUX KaHaJ/Iax, yTBOPEHUX [IPOCTOPOBUM AE(PEKTOM Y
nsomipHoMy QK. ExcriepuMeHTalbHi pe3yabTaTy NigTBEPANUIN KOPEKTHICTh PO3PO6JIEHOI TEOPETUYHOI MO JIi.
OTtpumaHi pesysbTaT 6yM BUKOpUCTaHi py po3po6ii HITJI 3 BepTUKaJIbHUM pe30HATOPOM, OKCUIHUM BiKHOM Ta
nBomipHUM OK, a TaKOXX MOXKYTb OYTH 3aCTOCOBaHI IpY NPOEKTYBaHHI ogHOMO0BUX HILJI 3 BEpTUKaIbHUM
PE30HAaTOPOM i OSICHEHHI SIBULL, 4Ki CIIOCTEPIraloThCs NPU NPAKTUYHOMY NOCIIIPKEHHI TaKUX J1adepiB. ['any3b

BHMKOPHUCTaHHS: ONTHKA, Jla3epHa ¢izuka.

2. Subject of investigations: oxide-confined vertical-cavity semiconductor lasers (VCSELs) with quantum-well
active layer. The aim: theoretical description of mode composition influence on static and dynamic characteristics
of oxide-confined VCSELs. Consideration of two-dimensional photonic crystal (PC) with defect in order to obtain a
single-mode in the laser. Methods: known methods of theoretical physics and mathematical simulation of
processes using computers. The approximation of PC as a medium with PC effective refractive index is used.
Results, novelty: The detailed diffusion-dynamical model is modified by using carrier and photon densities. It had
improved properties of numerical methods and decreased the computation time. Modulation properties of the
VCSEL are considered in single and multimode conditions using the model. It is shown, that single-mode laser has
wider modulation bandwidth and the use of known methods in order to obtain of single-mode results in decrease
of output power. Two kinds of defects formed by removing one or seven holes in PC are considered. It had shown,
that first defect is more effective for single-mode obtaining in the VCSELs. It had proposed and used a method for
defining of borders between single and multimode regimes. The collection of solutions and recommendations for
single-mode obtaining in VCSELs and waveguides in PC defects is developed. Experimental results demonstrated
validity of developed theoretical model. Results obtained in the work had used for development of oxide-confined
VCSELSs with incorporated two-dimensional PC, and they can be used in further development of single-mode
VCSELSs and explanation of experimental results. Area of use: optics, laser physics.
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