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Physics and Engineering Department of ITMO University

1.Ha3zBaHue: PoTOHMKA
Course title: Photonics

2. lektop: Muxann JinmoHos
AccucreHTtbl: Aptem CMHeNbHUK
Lecturer: Mikhail Limonov
Assistants: Artem Sinelnik

3. KpaTtKkasa aHHOTauuma:
OpurnHanbHbIM Kypc «DOTOHMKA» COAEPMKUT OCHOBHYIO MHGOPMALMIO O LIMPOKOM Knacce
NPUPOAHLIX WM WUCKYCCTBEHHbIX QOTOHHbIX OOBEKTOB, BK/AKOYAA  YMNoOpPAAOYEHHble W
HeyrnopsiAoyeHHble (GOTOHHbIE KPUCTaN/bl, MAarHUTOGOTOHHbIE M TMIA3MOHHbIE CTPYKTYpbI,
$OTOHHble cTekna JleBu, pasnnyHble meTamaTtepuanbl. Ob6cyKaaeTca ¢yHAAMeHTaNbHan
aHaNorMA MeXay 3/IEKTPOHHOW 30HHOWM CTPYKTYPOM OObIYHbIX «aTOMAPHbIX» KPWUCTANI0B U
(GOTOHHOM 30HHOM CTPYKTYpPOM 0OBEKTOB, MMEIOLLUX MEPUOANYECKOE CTPOEHME B OAHOM, ABYX
nnn Tpex uamepeHusax. OBCYKOAOTCA pPe30HaHCHble AB/MEHMA, KOTOpPble NeXaT B OCHOBEe
YyNpaB/IEHNA CBETOBbIMW NOTOKaMM, PYHKLMOHMPOBAHUA HAHOAHTEHH, YCTPOMUCTB CEHCOPUKN U
doTOBONBTANKN. PaccmaTpuBaloTC OCHOBHble TEXHONOrMYECKMe MeToAbl CUMHTE3a U
AMarHOCTUKU GOTOHHbIX CTPYKTYP.

Short annotation:

The original course "Photonics" contains basic information about a wide class of natural and
artificial photonic objects, including ordered and disordered photonic crystals, magneto-
photonic and plasmonic structures, Levy's photonic glasses, various metamaterials. A
fundamental analogy between the electron band structure of ordinary “atomic” crystals and
the photon band structure of objects with a periodic structure in one, two, or three dimensions
is discussed. The resonance phenomena that underlie the control of light fluxes, the functioning
of nano-antennas, sensor devices and photovoltaics are discussed. The main technological
methods of synthesis and diagnostics of photon structures are considered.

4. HazBaHue nporpammbl u cemectp: P13nKa noaynposoaHUKOB, 11 cemecTp.
Study program and semester: Physics of semiconductors, 1st semester.

5. lleTanbHOe onucaHue Kypca ¢ pa3bueHnem no nekunam/cemumHapam/npakTukam:

YacTtb |. POTOHHbIE KPUCTaNIbI.

1 BeepeHune: GOTOHHbIE KPUCTANbI. nekumsa
2 30HHaA cTPYKTypa GPOTOHHbIX KPUCTANNOB. nekumsa
3 MHOroKOMNOHEHTHble GOTOHHbIE KPUCTANbI. nekumsa
4 CneKktpockonus GOTOHHbIX KPUCTANNOB. neKkuymsa
5 PaszmepHble adpdeKTbl B onTUYecKon andpakunm GOTOHHbIX CTPYKTYP. nekyma
6 HeynopsgoyeHHble 1 KBasunepuogmyeckme GoToHHbIE KpUCTanbl. nekumsa
7 doTOHHbIE CTEKNa, cTeKna JleBu. Jlokanmnsauua ceeTa. nekumsa
8 TexHONOrMm co3aaHnA U MeToabl XapakTepusaunm GOTOHHbIX KPUCTANNOB nekumsa

Yactb Il. Pe3oHaHcHble ABNeHUA B POTOHUKE.




9 MHoroobpasne pe3oHaHCHbIX ABAEHWUIN B GOTOHUKE nekumsa
10 | Pe3oHaHc ®aHo nekumsa
11 | CBA3aHHbIe COCTOAHUA B KOHTUHYYMeE. nexkuma
12 | ®asoBas AMarpamma pe3oHaHCHbIX ABNEHUN B GOTOHUKE. CEMMUHap
Yacteb lll. MeTamaTtepuansl.

13 | MeTtamatepuansbl: onpegeneHne n OCHOBHble MOHATUA nekumsa
14 | MeTamaTepuanbl Ha OCHOBE MeTaNN0B U ANINEKTPUKOB nekumsa
15 | ®doToHHbIe pa3oBble Nnepexoabl nekumsa
16 | NpumeHeHMA meTamaTepmnanos cemmnHap

Detailed content and structure with sectioning of lectures/seminars:

Chapter I. Photonic crystals

1 Introduction: Photonic crystals lecture
2 The photonic band structure lecture
3 Multi-component photonic crystals lecture
4 Photonic crystal spectroscopy lecture
5 Dimensionality effects on the optical diffraction from photonic structures | lecture
6 Disordered and quasi-periodic photonic crystals lecture
7 Photonic glasses, Levi glasses. Localization of light. lecture
8 Fabrication and characterization of photonic structures lecture
Chapter Il. Resonances in photonics

9 Variety of resonance phenomena in photonics lecture
10 | Fano resonance lecture
11 | Bound states in the continuum lecture
12 | Phase diagram of different photonic resonances seminar
Chapter Ill. Metamaterials

13 | Metamaterials: definitions and basic concepts lecture
14 | Metamaterials based on metals and dielectrics lecture
15 | Photonic phase transitions lecture
16 | Metamaterials applications seminar

6. PekomeHa0BaHHaa AuTepartypa:
Textbooks:

1) Joannopoulos, J. D., Johnson, S. G., Winn, J. N. & Meade, R. D. Photonic Crystals: Molding the
Flow of Light 2nd edn (Princeton Univ. Press, 2008).

2) Enghata, N. & Ziolkowski, R. (eds) Electromagnetic Metamaterials: Physics and Engineering
Exploration (Wiley-IEEE Press, 2006).

3) Limonov, M. F. & De La Rue, R. M. (eds) Optical Properties of Photonic Structures: Interplay
of Order and Disorder (CRC Press, Taylor & Francis Group, 2012).

4) besyc E.A., bbikoB [.A., lockonoswud /1./1., Kosanes A.A. AIndpakLMOHHAA ONTHKa U
HaHodoTOHMKa. 2014, /aHb,
https://e.lanbook.com/book/71979?category_pk=923#book_name

5) Knumos B.B. HaHonnasmoHuKa, 2010, /laHb,
https://e.lanbook.com/book/2204?category_pk=923#book_name

7. NMpeaBapuTenbHO NPoiiAEHHbIE Kypcbl, Heo6XoaMMble A4NA U3ydeHua npegmerta: obuias
du13nKa, d13nKa TBEpAoro TeNa, ONTUKA.




Course prerequisites: general physics, solid state physics, optics.

8. Tun camocToATeNbHbIX 3a4aHUA: CM. NPUNOXKEHHDbIN dalin.
Assignments: see attached file.

9. Kak oueHuBaeTtca ycneBaemocTb N0 Kypcy:

MaKcumanbHoe Koamndectso 6an/10B 3a Kypc 100
MakcMmanbHoe KonmyecTso 6ani10B 3a pewweHne 3a4au 0
MaKcrMmanbHoe KonnMyecTBo 6an10B 3a BbICTYMN/IEHME Ha CEMUHapax 40
MaKcrMmanbHoe KonmyecTBo 6an10B 3a NPaKTUYecKyto paboTy 0
MaKcrMmanbHOe KonmyecTBo 6an10B 32 PUHANBHbBIN YCTHbIA 3K3aMeH 60

Grading policy:

Highest final grade for the course 100
Highest final grade for the problem solving 0
Highest final grade for the talk at the seminars 40
Highest final grade for the practicum 0
Highest final grade for the final oral exam 60

10. lononHuTeNbHble KOMMEHTapPUMU:

Kypc npenogaeTca napanienbHo ¢ Kypcom «Teopua GOTOHHbIX CTPYKTYp», npenoaaBaTe b —
M.B. PbibuH.

Additional comments:

The course is offered in parallel with the course "Photonic Structure Theory",

the lecturer — M.V. Rybin.



