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Introduction to experimental nanophotonics
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3. Kparkas annorauus (500-700 cumBo.10B,
HA NMPOCTOM U TOCTYITHOM SI3bIKe):

Hanodotonnka — ObicTpo pazBuBaromasicst 0071acTh HAyKH, MOCBSIIEHHAS YIIPABICHUIO
ONTUYECKUMU CBOMCTBAMU HAHOMATEPHAJIOB U U3yUEHHIO ONITUYECKUX SIBJICHUM,
BO3ZHUKAIOIMINX BOIM3U qU(paKIOHHOr0 npeaena. Kypc no3somnser cpopmupoBath
KapTUHY COBPEMEHHBIX HHCTPYMEHTOB U MPUHIIUIIOB, MTO3BOJISIONINX 3aHUMAThCS
W3TOTOBJICHUEM U U3YYEHHEM Pa3INYHbIX 00BEKTOB HA HAHOMETPOBOM MacIITale.

Kypc opreHTHpOBaH Ha MHUPOKYIO ayAUTOPUIO CTYIEHTOB, INIAHUPYIOLIUNX paboTaTh B
CMEXHBIX ¢ HAHO(OTOHUKOH 00s1acTsax. OH HE TOJIBKO SIBIISICTCSI OCHOBOIIOJIATAIOLITAM JJIsI
HKCIEPUMEHTATOPOB, HO M BKIIFOYAET BaKHbIE 0a30BbIC 3HAHUS IS TEOpeTHKOB. Hauas ¢
00CYXIEHUS TEXHOJIOTUH U3TOTOBJICHUS HAHOCTPYKYP U METOJIMK UX HaYaJIbHOU
XapaKTEepPU3aLUU, MBI IIEPEUIEM K U3YUEHHUIO METOJIOB ONTUYECKON CIIEKTPOCKOIINH,
uHTephepoMeTprH U GOPMUPOBAHUS ONTHUECKUX N300paKEHHI, B TOM YHUCIIE — CO
cBepxpazpenieHreM. [IoMuMo 1UKIIa JeKIUi, B Kypc BXOJAT JabopaTopHbIe padoThl,
na0opaTOpHBIE MTPOEKTHI, @ TAKKE CEMUHAPBI, TOCBAIIEHHBIE 00CYX/IEHUIO BaXKHEHIIINX
JOCTUKEHUI COBPEMEHHOMN HayKH, CBA3aHHBIX C ONTHUKOW U (POTOHUKOM.

Annotation (500-700 characters, in plain and simple language):

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.
Starting from nanofabrication technologies and methods of basic structural characterization, we
will proceed to conventional and super-resolution optical imaging, spectroscopy and
interferometry. The lectures are accompanied by advanced lab practices, lab projects and
seminars on the most important achievements of modern science related to optics and photonics.



6.

5. HazBaHue nmporpamMmsl u cemecTp: Maructparypa «HanodoroHnka u MeTamMarepuaiby,
20i1 cemecTp

6. asd

Study program and semester: master program “Nanophotonics and metamaterials”,
2" semester

JerajbHOe onMcaHne Kypca ¢ pa30MeHueM 1o JeKIUsIM/CeMUHAPAM/TIPAKTUKAM

Tema Tun 3aHsaTUN
Yacts |. Metosl HaHO(aOpUKAIMK U CTPYKTYPHOU XapaKkTepu3aIiu
CrnoeBoe ocaxaeHue. Cyxoe XUMHYECKOE TPaBJICHUE, TPABICHHE
1 ia3moii. PEakTMBHOE MOHHOE TpaBJIEHHUE. Jlekuus
TpaBnenue GpokycHpOBaHHBIM HOHHBIM ITy4KoM. [IOM.
2 DNIEKTPOHHO-TTy4YeBas JIUTOrpadus. Jlexuus
3 OnTryeckast auTorpadus Jlexuus
4 XHUMHYECKUE METOJIbl HaHO(haOpHUKaAIIUN Jlexuus
5 Cxkanupyromas 3o80Bast Mukpockonusi: CTM u ACM Jlexums
Yactp Il. OcHOBBI ONITHYECKOI MUKPOCKOITUHI
OCHOBHBIE ONITHYECKHUE DJIEMEHTHI: 3epKasia, JICTUTEIH ITy4Ka,
6 OTpPa)KaTEeJIH, MOJSIPH3ATOPHI X BOJIHOBBIC IIIACTHHKU Jlexuus
7 Co3/1aHue NPOCThIX ONTUYECKUX cXeM. TesecKoI. Jlexuus
OnrtryecKkue CUCTEMbI, CKOPPEKTUPOBAHHbIC Ha
8 6eCKOHEYHOCTh. OOBEKTUBBI. Jlexrust
Hudpaxkunonnsrit npexen. Kondoxanpaas Mukpockomnst. MeTo s
9 NpeoT0JICHUs TM(PPAKIMOHHOTO Tpesiera. Jlexuus
10 Cosanne KOHPOKAILHOrO MUKPOCKOIIA CemuHap
11 CKaHHpPYIOMasi ONTHYECKAsi MUKPOCKOIHS OJIMPKHETO OIS, Jlexuus
Mukpockornus B 3aHel (HOoKaIbHOI m1ockocT. V3Meperne
MMOBECPXHOCTHLIX BOJIH, PACCEAHNUEC OJJUHOYHBIX YaCTHUIl U
12 HaIpaBJIeHNs U3ITyYCHUSL. Jlexums
Yacts |ll. OcHOBBI ONITHYECKOW CEKTPOCKOIUU
13 Onrryeckne AETEKTOPhI U TATUHKH. Jlexusa
JucnepcuoHHbIe dneMeHThl. ONTHYEeCKUH CIIEKTPOMETP.
14 CriekTpaibHOE pa3pelieHue. Jlexuus
KorepenTHslit 1 HeKOTepeHTHBIH cBeT. [IpocTpaHcTBeHHAas U
15 BPEMEHHAsI KOTEPEHTHOCTb. Jlexums
Hcrounrku ceera. HenpepplBHOE U MMITYJIBCHOE J1a3€pPHOE
16 W3JIyYEHHE. Jlexnus
Wureppepomerpsl n ux npumenenus. Madpakpacnas Pypoe-
17 CIIEKTPOCKOIIHSI. Jlexuus
AToMHas 1 MOJICKYJIApHas CIICKTPOCKOIIHA. MexaHU3MBI YIIUPECHUA
18 CHEKTpaJIbHBIX JTHHUH. [narpamMmmel S610HCKOT0 Jlexuums
JIroMUHECIICHTHAS 1 paMaHOBCKasi MUKpOCcKoIust. CIIEKTPOCKOIHS ¢
19 YCHJIEHHEM CHI'HAJIA 30HIOM U OBEPXHOCTBIO. Jlexnus
20 OnTHyeckas CHeKTPOCKONHS TUNIOCKUX HAaHO- 1 MUKPOYCTPOMCTB. CemuHap
JlaGopaTopHbIe 3aHATHS,
MPOEKTHI U CEMUHAPBI




JlaGopaTopHas
21 CKaHMpYIOIIas SJIEKTPOHHAsS MUKPOCKOIIHS pabora
JlaGopaTopHas
22 CKaHMpyIOIIas 30H10Basi MUKPOCKOIHS pabora
JlaGopaTopHas
23 KoHdokanbpHas MEKPOCTIEKTPOCKOIHS pabora
JlaboparopHbIit
24 Dypbe nzo0pakenue u n3mepenne aucrnepcuu 1111 IPOCKT
JlaboparopHbIit
25 Cosyianue 1 KaTMOPOBKA CIIEKTPOMETPa POEKT
26 HoGeneBckue mpeMun B ONTHKE U (POTOHUKE Cemunap
Detailed content and structure with sectioning of lectures/seminars:
Classes
Topic type
Part I. Methods of nanofabrication and structural characterization
Layer deposition. Wet and plasma chemical etching. Reactive ion
1 etching. Lecture
2 Focused ion beam etching. SEM. E-beam lithography. Lecture
3 Optical lithography Lecture
4 Chemical methods for nanofabrication Lecture
5 Scanning probe microscopy: STM and AFM Lecture
Part Il. Fundamentals of optical microscopy
Basic optical elements: mirrors, beamsplitters, retroreflectors,
6 polarizers and waveplates Lecture
7 Building simple optical systems. Telescope. Lecture
8 Infinity-corrected optical systems. Objective lenses. Lecture
Resolution limit. Confocal microscopy. Methods of overcoming the
9 diffraction limit. Lecture
10 Building a confocal microscope. Seminar
11 Near-field scanning optical microscopy. Lecture
Back focal plane microscopy. Measuring surface waves, single-
12 particle scattering and emission directivity. Lecture
Part I11. Fundamentals of optical spectroscopy
13 Optical detectors and sensors. Lecture
Dispersive elements. Optical spectrometer.
14 Spectral resolution. Lecture
15 Coherent and incoherent light. Spatial and temporal coherence. Lecture
16 Light sources. CW and pulsed laser radiation. Lecture
Interferometers and their applications. Fourier-transform infrared
17 spectroscopy. Lecture
Atomic and molecular spectroscopy. Line broadening mechanisms.
18 Jablonski diagrams Lecture




Luminescence and Raman spectroscopy. Tip-enhanced and surface
19 enhanced spectroscopy. Lecture
20 Optical spectroscopy of planar nano- and micro-devices. Seminar
Lab practices, lab projects and seminars
21 Scanning electron microscopy Lab practice
22 Scanning probe microscopy Lab practice
23 Confocal microspectroscopy Lab practice
24 Fourier imaging and measuring dispersion of SPP Lab project
25 Building and calibrating a spectrometer Lab project
26 Nobel Prizes in optics and photonics Seminar
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8. HpeI[Bapl/ITeJleO HpOﬁHeHHble KYPChbI, H606X0)11/IM1)16 AJISl U3YyYCHUS NIpeaMeTa:
KBAaHTOBAasA MCXaHHUKaA, 3JICKTPOANHAMUKA, HaHO(i)OTOHI/IKa

Course prerequisites:
quantum mechanics, electrodynamics, nanophotonics

9. Tun caMoOCTOATEILHBIX 32JaAHUM:

- Ha kaxxgoit 1ekiiuu npoBOUTCS TECT MO MPEAbLAYILEMY 3aHATHIO.

- B pamkax ceMHHapCKUX 3aHATUN CTYIEHTHI CeTIat0T 0030pHbIE JJOKJIA/Ibl, MOCBSAIICHHbIE
HoGeneBckuM npemMusiM 1o onTuke u GOTOHUKE.

Assignments:

- 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.

10. Kak onennBaeTcsi ycneBaeMocTh 10 KYpcy:


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

KoHTposb ycneBaemocTu:

- Tecthl (mUCHMEHHBIE, C OIEHKOM )

- CamocTosTenbHOE H3ydeHHEe (HEKOTOPBIE BOIIPOCH TECTOB U K3aMeHa He OyIyT 00CyXKAaThCs
HAa JICKIUAX)

- [Ipomexxyrounast arrectanus (1o UTOraM pe3yJlbTaTOB TECTOB, C OLICHKOM)

- [Ipe3enTanuu, nocesuieHHble HoOeneBckuM npeMusiM 1o onTHKE (YCTHO)

- 'toroBelii s3x3aMeH (yCTHBIN)

Kpurepun kauecTBa Npe3eHTALNN:

- Hasinume BBe1eHNMS M UICTOPUYECKOM CIIPABKU

- JlocTyIHOCTD ONMUCaHUs OTKPBITHsI/TexHOoMoruu/3dhdexra

- OOCyKIeHHEe peaTbHBIX TPUMEHECHHIA

- CTpyKTypUpPOBaHHOCTb NIPE3EHTALMU U OPATOPCKOE UCKYCCTBO

IIpaBriia npoBeIeHNs HTOrOBOIO DK3aMeHa:

- DK3aMeH MPOBOJIUTCS B yCTHOU (opme

- Kaxxiplii cTyIeHT 10JKEH MOArOTOBUTH OTBET Ha 3 BoIpoca U3 3 pa3/enoB Kypcea.

- Ha moaroroBky orBera orBoguTcs 1 vac.

- 3amnpeniaercs moJb30BaThCsl KAKUMU-TUOO MaTepuaiaMu U yCTPOMCTBAMU, TOMUMO
COOCTBEHHOT'O PYKOITMCHOTO KOHCIICKTA.

- Pe3ynbpTaThl TECTOB MPUHUMAIOTCSI BO BHUMAHUE B MPOIIECCe CAAYU IK3aMEHa.

- [Inoxas mocemaeMoCcTs IPUBEIAET K OOJIBIIEMY YUCTY TIOTOJHUTEIBHBIX BOIPOCOB H B IIEJIOM
0oJiee TIIATeNHLHOM MPOBEPKE 3HAHMI B XOJI€ K3aMeHa.

- HeckombKko cTyI€HTOB, ClIeNaBIIUX HAMITYUIINE JOKIA bI, MOIydaT “+1” 6al K UTOroBOM
otieHke. CHCOK 3TUX CTYAEHTOB HEe OyAeT 00HapoI0BaH BILUIOTH /10 dK3aMeHa.

Grading policy:

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.



