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1.HasBaHue: KnHetnyeckne ABNEHUA B 3IEKTPOHUKE U
CMUHTPOHUKE

Course title: Kinetical phenomena in electronics and
spintronics

2. NNekTop: Ko3yb BeHnamuH MBaHoOBMY
Lecturer: Veniamin Kozub

3. KpaTtKaa aHHOTauumsA:

Kypc «KnHetnuyeckune ABneHms B 3/IEKTPOHUKE U CMTUHTPOHUKE»
npefocTaBnfeT  CTYAEHTaM  YHUKANbHYKD  BO3MOMKHOCTb
npocneauTb PasBUTUE KaK TEOpPMW, TaK U 3KCnepumeHTa B 061acTU ABNEHWUI 3NEKTPOHHOro
nepeHoca B pPas/INYHbIX CTPYKTypax. Hapsay ¢ TpaguuMoOHHbIMU OUBUYECKUMU ABJIEHUAMU
CyLLeCTBEHHOE BHMMaHWe yaeneHo OypHO pasBMBalOWENCA B nNociegHee Bpems
npobnemaTuKe, CBA3AHHOM C TAKUMWN KONNEKTUBHbIMU ABNEHUAMM, KaK CBEPXNPOBOANMOCTb U
deppomarHeTnsm. B 4acTHOCTU, ONMPAACL Ha CYLLECTBYIOLWME TEOPETMYECKME 3HAHWUA, Mbl C
OO/MKHOM  CTeneHbtd NoApPO6HOCTU  M3/MI0KMM  OCHOBbl  CMIMHTPOHWMKM HA OCHOBE Kak
dEeppoOMarH1UTHbIX, Tak W MNOJIYNPOBOAHUKOBbLIX CTPYKTYp, Oobpauas ocoboe BHMMaHME Ha
BO3MOMHbl€ NPaKTU4ecKme NpuUMeHeHMS.

Short annotation:

The course “Kinetical phenomena in electronics and spintronics” provides students with a
unique opportunity to follow development of both theory and experiment concerning electron
transport in different structures. In addition to traditional physical phenomena a significant
attention is paid to problematic quickly progressing in latest time related to such collective
phenomena as superconductivity and ferromagnetism. In particular, basing on the existing
theoretical knowledge with a proper degree of details we will discuss basics of spintronics on
the base of both ferromagnetic and semiconductor structures, paying a special attention to
possible practical applications.

4. HazBaHue nporpammbi u cemectp: P13nKa NoAynNpPoBOAHUKOB, 31 cEmMecTp.
Study program and semester: Physics of semiconductors, 3" semester.

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

YacTb |. MeToguyeckme ocHOBbI pU3NYECKOM KUHETUKM

1 BeegeHue B CTaTUCTMKY NONYMNPOBOAHUKOB M METaNN0B nekumAa
2 KnHeTnyeckoe ypaBHeHue bonbumaHa nekunAa
3 MexaHu3Mbl penakcaumm Hocutenen B NoNyNPoOBOAHMKAX U MeTannax nekumsa
4 BbiBOA, KNWHETNYECKOTO YpaBHEHUA N3 MEPBbIX NPUHLMMOB U MeTOAbl ero nekums
pelweHuns

Yactb 2. KuHeTnuyeckme aeneHmna opbuTanbHOM Npupoabl

5 [anbBaHOMArHUTHbIE ABAEHUA. nekumsa
6 ABneHns, obycnoBEHHbIE FPAANEHTOM TEMNEPATYPbI. INEKTPOHHbIN neKkumsa




pa3orpes B NOyNPOBOAHUKAX

7 NHTepdepeHUNOHHbIE ABNEHUA B KNHETUKE METaNNI0B U NOYNPOBOAHMKOB | IeKUMA

8 KnHeTnyeckune ABNEHMA B TOYEYHbIX KOHTAKTaxX cemuHap

9 KnuHeTnuyeckune aBneHmA B ABYMEPHbIX CTPYKTypax. KBaHToBbIM 3¢ deKT nekuma
Xonna.

10 | KuHeTnyeckune ABNEHNA B CBEPXMNPOBOAHNKAX NneKkuma

YacTb 3. KuHeTnyeckme aBNeHUA CNMHOBOM Npupogbl. CMTUMHTPOHMKA.

11 | Npupopa peppomarHetTmsma. nexkumsa

12 | MexaHn3Mbl CMMHOBOM OPUEHTALMK U CMUHOBOW pPenaKkcaLunm. nekuma
AHOoManbHbIM 3ddekT Xonna.

13 | 3¢ddeKT ruraHTCKOro MarHeToconpoTUBAEHUA nekumsa

14 | TmMbpuaHble CTPYKTYPbl Ha OCHOBE GpeppomarHeTnkoB. IdPeKTbl
yNpaBAseMoro nepeKktoyeHna HaMarHM4eHHOCTH

15 | PeppomarHeTnam m cnmHoBble 3¢ dEKTbl B MONYNPOBOAHMKOBbIX CTPYKTYPaX | NEeKLmA

16 | NMpumeHeHUA peppPOMArHUTHON CIUHTPOHUKMK CemuHap

Detailed content and structure with sectioning of lectures/seminars:

Chapter |. Basics of physical kinetics.

1 Introduction to statistics of metals and semiconductors lecture

2 Boltzmann transport equation lecture

3 Mechanisms of carriers relaxation in metals and semiconductors lecture

4 First principles derivation of transport equation and methods of its lecture
solution

Chapter Il. Transport phenomena of orbital nature

5 Galvanomagnetic phenomena lecture

6 Transport phenomena controlled by temperature gradient. Electron lecture
heating in semiconductors

7 Interference phenomena in transport in metals and semiconductors lecture

8 Transport phenomena in point contacts seminar

9 Transport phenomena in 2D structures. Quantum Hall effect lecture

10 | Transport phenomena in superconductors lecture

Chapter lll. Transport phenomena of spin nature. Spintronics

11 | Origin of ferromagnetism lecture

12 | Mechanisms of spin orientation and spin relaxation. Anomalous Hall lecture
effect

13 | Effect of giant magnetoresistance lecture

14 | Hybrid structures on the base of ferromagnetics. Effects of controlled Lecture
magnetization switch.

15 | Ferromagnetism and spin phenomena in semiconductor structures lecture

16 | Practical applications of ferromagnetic spintronics seminar

6. PekomeHAOBaHHaA anTepartypa:

A.A.AbpukocoB. OcHoBbl Teopun meTannos. M., Hayka, 1978
A.N.AHcenbm. BBegeHue B Teoputo nonynposoaHunkos. M., Hayka, 1987
C.B.BoHcoBckuin, MarHetnuam, M., Hayka, 1984




M.r.bapanos, A.M.KanawHwnkosa, B.1.Ko3y6 u ap., CNUHTPOHUKA NONYNPOBOAHUKOBbIX,
METANINYECKUX, OUINEKTPUYECKUX N TMOPUAHBIX CTPYKTYp, YPH, 2018

7. NpepBapuTenbHO NPoiAeHHbIe Kypcbl, Heo6XoAMMbIE ANA U3yYeHUa NpeamerTa:
KBAHTOBaA MeXaHMKa, cTaTUCTUYecKan Gpu3nka

Course prerequisites: quantum mechanics, statistical physics

8. Tun camocToATeNIbHbIX 3a4aHUNA: CM. NPUNOXKEHHDbIN dalin.
Assignments: see attached files.

9. Kak oueHuBaeTca ycrneBaemocTb N0 Kypcy:

MaKcumanbHoe KonmdecTBo 6an1/108B 3a Kypc 100
MakKkcrMmanbHoe KonnyecTso 6an10B 3a pewweHne 3a4au 0
MaKcrMmanbHoe KonnMyecTBo 6an10B 3a BbICTYN/IEHME HAa CEMUHApe 40
MaKcrMmanbHoe KonmyecTBo 6an/10B 3a NPaKTUYeCcKyo paboTy 0
MaKcrMmanbHoe KonmyecTBo 6an110B 32 PUHANbHbIN 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 seminar 40
Highest final grade for the practicum 0

Highest final grade for the final oral exam 60




