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Nanophotonics is a rapidly developing field, which aims at tailoring the optical properties of nanomaterials and understanding the
optical phenomena arising near or beyond the diffraction limit of light. This course gives insights into contemporary tools and
strategies for fabrication and experimental characterization of nanoscale optical devices and structures.

Being targeted at broad audience intending to work in areas related to nanophotonics, the course is both essential for
experimentalists and provides important basic knowledge for theoreticians. The course of lectures includes the study of methods of
optical spectroscopy, microscopy and laser optics. The course of lectures also describes the current state of technology for
manufacturing nanostructures and methods for their initial characterization. In addition to a series of lectures, the course includes
laboratory work.

HaHohoToHUKa - 6bICTPO pa3BrBatoLLasacs 061acTb HayKW, MOCBSLLEHHAS YNpaB/ieHNO ONTUYECKMMY CBONCTBAMM HaHOMaTepuMasoB 1
MN3YYEHUNIO OMTUYECKUX SBJIEHUI, BO3HMKaOWMUX BOAM3N AndpakunoHHOro npefena. Kypc no3sosiseT copMupoBaTb KapTUHY
COBPEMEHHbIX WHCTPYMEHTOB UM MPUHLIMMOB, MO3BOJNSAIOWMNX 3aHUMATbCA WU3rOTOBJIEHWEM K W3YYEHUMEM pa3/IMYyHbiX O6BHEKTOB Ha
HaHOMeTpoBOM MacliTabe.

Kypc opueHTUpoBaH Ha LUMPOKYI0 ayaAUTOPUIO CTYAEHTOB, MJaHUPYoLWmMxX paboTaTb B CMEXHbIX C HAaHO(MOTOHUKON obnacTsx. OH He
TONIbKO AIBNIIETCS OCHOBOMOJAralolWyM A SKCNepuMeHTaTopoB, HO U BKJIlOYaeT BakHble Ha3oBble 3HaHWUS AN TeopeTukos. Kypc
NleKunid BKJIIOYaeT W3y4yeHne MeTOLO0B OMTUYECKOW CMeKTPOCKOMUM, MUKPOCKOMUW U JIa3epHOW OMTUMKMW. TakXe Kypc nekuuin
OMUCbIBAaET COBPEMEHHOE COCTOSIHME TEeXHOJIOMUN U3FrOTOBJIEHNS HAHOCTPYKYP M METOAMK MX HayvaslbHOW xapakTepusauuu. MomMumo
LK@ NekLmi, B Kypc BXoasT flabopaTopHble paboThl.


https://physics.itmo.ru/ru/personality/aleksey_kokhanovskiy
http://physics.itmo.ru/ru/personality/ivan_kalantaevskiy
http://physics.itmo.ru/ru/personality/olga_kuschenko
http://physics.itmo.ru/ru/study-program/2980
http://physics.itmo.ru/ru/study-program/3936
http://physics.itmo.ru/ru/study-program/2979
http://physics.itmo.ru/ru/study-program/8729
http://physics.itmo.ru/ru/study-program/8729
http://physics.itmo.ru/ru/discipline/3028

Copep>xaHue Kypca

Plan of a course

CTpyKTypa Kypca

Topic Lesson type

Part I. Basics of optical microscopy
1 Basic optical elements: mirrors, beam splitters, reflectors, polarizers and wave plates Lecture
2 Creation of simple optical circuits. Telescope. Lecture
3 Infinity corrected optical systems. Lenses. Lecture
4 Diffraction limit. Confocal microscopy. Methods for overcoming the diffraction limit. Lecture
5 Creation of a confocal microscope Lecture
6 Near-field scanning optical microscopy Lecture
7 Posterior focal plane microscopy. Measurement of surface waves, single particle scattering and radiation Lecture

directions.
8 Scanning probe microscopy: STM and AFM Lecture
Part Il. Basics of optical spectroscopy
9 Optical detectors and sensors. Lecture
10 Dispersive elements. Optical spectrometer. Spectral resolution. Lecture
11 Sources of light. Continuous and pulsed laser radiation. Lecture
12 Interferometers and their applications. Fourier transform infrared spectroscopy. Lecture
13 Atomic and molecular spectroscopy. Mechanisms of broadening of spectral lines. Jablonski diagrams Lecture
14 Luminescence and Raman microscopy. Spectroscopy with signal amplification by probe and surface. Lecture
15 Optical spectroscopy of flat nano- and microdevices. Lecture
Part Ill. Basics of Laser Optics
16 Sources of light. Continuous and pulsed laser radiation. Lecture
17 Coherent and incoherent light. Spatial and temporal coherence. Lecture
18 Experimental methods for measuring the properties of laser radiation Lecture
19 Types of optical beams, computer holography Lecture
20 Optical tweezers, pump-probe measurements and other applications of lasers in nanophotonics applications Lecture
Part IV. Nanofabrication and structural characterization methods
21 Layer deposition. Dry chemical etching, plasma etching. Reactive ion etching. Lecture
22 Focused ion beam etching. PEM. Electron beam lithography. Lecture
23 Optical lithography Lecture
24 Chemical methods of nanofabrication Lecture

MnaH Kypca

CTpyKTypa Kypca

Tema

Twvn 3aHaTUN

YacTb |. OCHOBbI ONTUYECKON MUKPOCKOMUM

OCHOBHbIE ONTUYECKNe 31eMEHTbI: 3epKana, genntenn nyvyka, oTpa>katenau, nonapmnsaTopbl N BOTHOBbIE
NMNacTUHKN

Nekuynsa

Co3faHune npocTbiX ONTUYECKMX cxeM. Teneckon.

Nekunsa




3 OnTnYeckne CUCTEMbI, CKOPPEKTUPOBaHHble Ha 6eCKOHEYHOCTb. O6BEKTHUBDI. Nekuwns
4 OundpakunoHHbin Npegen. KoHhokanbHasa MMKpockonus. MeToabl npeoaosieHus Nekuns
5 Co3paHue KOH(POKaNbLHOro MUKpPOCKona Nekuwus
6 CkaHupytoLlas onTuYeckas MUMKpockonus 6anxHero nons. Nekuwns
7 Munkpockonusa B 3afHel (hOKasbHON MJIOCKOCTU. I3MepeHne NoBepXHOCTHbLIX BOJIH, pacCcesHne Nekuns
OAMHOYHbBIX YaCTULL 1 HanpaBAeHNS N3y4YeHNns. H
8 CkaHupytouwiasa 3oHaosas Mmukpockonusa: CTM n ACM Nekuns
YacTb Il. OCHOBbI ONTUYECKOW CNEKTPOCKONMN
9 OnTunyeckne OeTeKTopbl U faTHNKWU. Nekuus
10 [ncnepcrnoHHble 31eMeHTbl. OnTuyecknin cnekTpomeTp. CnekTpasbHOe pa3peLleHue. Nekuwns
11 NcTo4YHMKM cBeTa. HenpepbiBHOE 1 MMMYJIbCHOE Jla3epHOe U3JlyHeHune. JNekuus
12 NHTepdepomeTpbl 1 nx NnpuMmeHeHUs. NIHpakpacHasa dypbe CNeKTPOCKoNus. Nekuns
13 ATOMHasa 1 MoJsieKy i pHas CNeKTPoCKonusa. MexaHn3Mbl yIWWNPEHUA CAeKTpaabHbIX TMHUA. [narpaMmebl Nekuns
A6n0HCKOro
14 JlloMnHecueHTHaa n pamaHoBCKas MMKpockonusa. CNeKTpOoCKoNus € yCuieHneM CUrHana 30H40M 1 fleKuns
MOBEPXHOCTbIO. H
15 OnTuyeckas CNeKTPOCKOMNNSA NIOCKUX HaHO- U MUKPOYCTPONCTB. Nekuwns
YacTeb lll. OcHOBbI NasepHON ONTUKK
16 NCTO4YHMKN cBeTa. HenpepbiBHOE U UMMNYbCHOE Nla3epHoe N3slyvyeHue. Nekuns
17 KorepeHTHbIV U HEKOrepeHTHbIN cBeT. [pocTpaHCTBEHHAsA U BpeMeHHas KOrepeHTHOCTb. Nekuwns
18 SKCneprvMeHTajlbHble MeTOAbl N3MEPEHNA CBONCTB JIa3epHOro N3y4YeHns JNekuus
19 TunNbl ONTUYECKUX NMYYKOB, KOMMblOTEPHasA rosiorpadus Nekunsa
20 OnTuyeckne NUHUETHI, U3MEPEHNS HaKayvKa-30H4 1 Apyrve npuMeHeHNs a3epoB B 3ajadvax Nekuns
HaHOMOTOHUKMN
YacTb IV. MeToabl HaHOMabprKaLumM 1 CTPYKTYPHOWN XapakTepusauum
21 Cnoesoe ocaxgeHue. Cyxoe xMMnyeckoe TpaBieHune, TpaBieHne niasmon. PeakTMBHOE NOHHOe Nekuns
TpaBaeHune.
22 TpaBnieHne PoKyCUpoBaHHbLIM MOHHLIM NMY4YKOM. [OM. D1eKTPoHHO-Ny4YeBas AMTorpadus. Nexums
23 OnTn4eckas nutorpapusa Nekuns
24 XuMunyeckne metoabl HaHoabpurkaunmn Nekuns
PekoMmeHaoyeMbie pecypchbl

1. Hecht, E. Optics. Pearson Education, 2016.

2. Sivukhin D. V. Course of General Physics, Vol. 4: Optics. Moscow “Fizmatlit. 1980.

3. Novotny, L., & Hecht, B. Principles of nano-optics. Cambridge university press, 2012.

4. Zayats, A. V. & Richards D. Nano-optics and near-field optical microscopy. Artech house, 2009.

5. Maier, St. Plasmonics: fundamentals and applications. Springer Science & Business Media, 2007.

6. Mironov, V. L. (2004). Fundamentals of scanning probe microscopy. Moscow: Technosfera, 144.

7. Thorlabs tutorials: https://www.thorlabs.de/navigation.cfm?Guide_ID=2400

MonunTuka oueHnBaHuA

Academic performance control:

Tests (written, with marks)

Self-study (some of the questions in the tests and examination will not be covered in the lectures)
Interim assessment (based on the tests, with mark)

Presentations on Nobel Prizes in optics (oral)

Final examination (oral)




Quality criteria for the presentation:

- Introduction and historical background

- Clarity in description of the discovery/technology/effect

- Coverage of the real-world applications

- Clear structure of the presentation and the art of rhetoric.

The final examination rules:

- The examination is oral.

- Each of the students has to answer 3 questions from 3 parts of the course.

- Students have 1 hour to prepare the answer.

- Students are not allowed to use any materials, sources or devices, except personal handwritten lecture notes.

- The results of the tests will be taken into account during the examination.

- Poor attendance results in additional questions and more rigorous assessment of knowledge during the exam.

- A few students who delivered best talks at the seminar will be awarded by "+1" to the final mark. The list of these students will not
be announced until the examination

KOHTpONIb yCNeBaeMoCTHu:

- TecTbl (MMCbMEHHbIE, C OLLEHKOW)

- CaMoCTOATENbHOE N3Yy4YeHMe (HEKOTOPbLIE BOMPOCHI TECTOB M 3K3aMeHa He ByayT ob6cyKAaTbCa Ha NeKLNAX)
- [pomMe)xyTo4yHasa aTTecTaumns (No nToram pesybTaToB TECTOB, C OLLEHKO)

- Mpe3eHTaumn, nocesaweHHble HobeneBcknmM NpeMmnam no onTuke (yCcTHO)

- 'TOroBbI 3K3aMeH (YCTHbIN)

KpuTepuu KauyecTBa npeseHTaLum:

- Hann4mne BBEAEHMA N NCTOPUYECKOW CNIPaBKM

- JlOCTYNHOCTb ONUCaHUsa OTKPbITUSA/TeXHOoIOrnn/3hdekTa

- O6cyxaeHne peasibHbIX MPUMEHEHUN

- CTPpYKTYpPMPOBAHHOCTb Mpe3eHTaLum 1 opaToOPCKOE NCKYCCTBO

MpaBuna npoBeneHns UTOroBOro 3K3aMeHa:

- DK3aMeH NpoBOAUTCS B YCTHOM hopmMe

- Kaxxabll CTyAeHT A0JKEH NOArOTOBUTbL OTBET Ha 3 BoMpoca M3 3 pa3fesioB Kypca.

- Ha noaroToBky oTBeTa oTBOAMTCA 1 Yac.

- 3anpelyaeTcsa Nosb30BaTbCA KakKMMU-NMbo MaTeprasamMm 1 yCTPONCTBaMM, MOMUMO COBCTBEHHOIO PYKOMUCHOr0 KOHCMEKTa.

- Pe3ynbTaTbl TECTOB MPUHUMAIOTCA BO BHMMaHMe B NpoLecce cAadvv 3Kk3ameHa.

- Nnoxasa nocewaeMocTb NpuBeeT K 6onbLLeMy YUCy AOMOJIHUTESIbHBIX BOMPOCOB U B LiesioM H6osiee TulaTebHOW NPOBepKe 3HaHUI
B XO[l€ 3K3aMeHa.

- Heckonbko CTyneHTOB, cAeflaBLUIMX Hawaydlwue OOoKnaabl, nonay4vaT “4+1” 6ann kK utoroson oueHke. CrMCOK 3TUX CTYLEHTOB He
6yneT obHapoAoBaH BNIOTh 40 3K3aMeHa.

Tun caMoCTOATENIbHbIX 3a8aHUN

- Within each lecture students write a test on the topic of previous class.
- During seminar classes the students will make review talks on Nobel Prizes in optics and photonics.

- Ha Ka)xgom nekumm npoBoANTCA TECT Mo nNpeablayLemMy 3aHATUI0.
- B pamMkax ceMnHapCKnX 3aHATUN CTyOeHTbl caenatoT 0630pHble AoKNabl, NOCBsLEeHHble HobeneBCKMM NpemMmsiM no onTuke u
(OTOHMKeE.



