EE-7A61 — NavonAekTpoVvIKEG DIATAEEIG

BAZIKEZ MAHPO®OPIEZ

Tunuo HAEKTPOVIKAG
TitAo¢ MaBnuatoc NovONAEKTPOVIKEG SLATAEELG
Kwdikog Mabrpatog EE-7A61
Oswpia / Epyaotrplo Oswpia
E€apunvo AdaokaAiog 7
MOTWTIKEG LOVASEG 4,5
‘Qpeg Atbaokaiag 3
Doprog Epyaoiag 135
Yroxpswtwo / Emloynig Ertihoyng
YrevBuvog MaBrpatog M. QwtémouAog
Adaokwv M. ®wtomouAog
Emikouptkd Npoowrikod
Tpomog AbaokaAiog OcwpnTikA AidbaokalAia, Epyaaieg, E¢eTdoeig
AtloAbynon Epyaoieg, Tehiki E¢éTaon
TeAik €€£Taon 100%,
MpoamnattoVpeva
NEPIrPA®H
ZKOTTOg

Na gloayet Toug GOLTNTEG OTLG NAEKTPOVIKEG SLATALELG VEQG YEVLAG. Na TtapEXeL Eva eAAXLOTO
UTIOB0OPO YVWOEWV KL LKAVOTATWY £TOL WOTE VO ITOPOUV Va TTapakoAouBoUv Tig e€eAielg
OTOV TOMEQ TWV NAEKTPOVIKWY SLOTAEEWV.

MaOnoiakd AtroteAéopara
Me thv oAokAnpwon Tou Hadnpatog ot poLtnTec:

Oa eival e€olkelwpévol e TNV enefepyaocia Kal ev o€ éva Babuo tnv epunveia NAEKTPLKWY
Ko/ OMTIKWV UETPAOEWV emAeypévwy vavodlatdéewv 1 Satdfewv mou aflomololv
VOVOUALKA.

Oa umopolv va va TeplypdPouv TNV dour, va KATOOKEUACOUV TO SLAYPAO EVEPYELAKWV

{wvwv Kol va TpoPAEPouv oe kdAmolo Pabuod tnv nAeKTpLKr) CUUTEPLPOPA ETUAEYUEVWV




vavoSLatatewy.

Oa pmopolV va cUYKPIVOUV TNV NAEKTPLKN CUUTEPLPOPA QVAUECO OE VOVOSLATALELG KaL TLG

QVTLOTOLYEG KAAOOLKEG SLATAEELG.

AvTIKEIPEVA TTOU KOAUTTTOVTAI

1.

Elcaywyn OTIC apXEC TNG KPBaviopnyavikng péca amd ta mopadelypota Tou
dwTonAektplkol Ppalvopévou Kal Tou ¢ACHATOC TOU ATOHou Tou udpoydvou. O
EVTOTILOMEVOC Yapakthpag tou ¢wtog. Eflowon de Broglie. Awakpltd ¢douarta.
HAgktpoxnutkd Suvaplkd oe pétaAla, petproetg UPS kat XPS.

Evepyelakég otaBbueg os yapnAlodidotata cuotnuata: KRavIka mnyadia, poplokoi
Seopol, evepyelakeg {wVeG 0€ OTEPEA. AywyLluotnta. EdopuoyEg os Slatddelc.

M£BodoL KATAOKEUN G KL XapaKTNPLOHOU vovoSLaTagewy.

Kivhon ¢opéwv os vavo-tpaviiotop MOSFET. Edpappoyég o Statdfelg tpaviiotop
VAVOOWANVWY avBpaka Kal vavo-KaAwsiwv. XapaktnpLotikee I-V kot G-V.

Qawvopeva onpayyas. Edopuoyég oe Slotaelg pvApng. Oepud nAekTpovia Kal
povtéla Stédevong dopéwv péoa amd AEMTOUC HOVWTEG. XapaKTnploTikég C-V oe
Slatagelg MOS kal og vavo-SLaTAgeLg pvnung

Opayry Coulomb. Tpavoiotop evdg nAektpoviou. Xapaktnplotikég |-V kat G-V.
Coulomb diamonds.

KBavtikd onuela. Alepuvon TOU €EVEPYELOKOU XAOMOTOG, OTTLKEG LOLOTNTEC.
Edapuoyég oe Slatagelg.

Metal\ika vavoowpatidia. Epappoyég os alobntrpeg aviyveuong evog Lopilou Kot
dwtoPoAtaikd otolxeia.

Epyaotnpiakég ACKROEIG

A1d5akTIKEG KAl MaOnoI10KEG BPAOCTNPIOTNTEG

O1 péBodol didaokaAiag TrepIAapfdvouv:

H &idaokalia Tou pabrpatog €xeL oav oTdXo TNV KOTAVONGon HEoA oTnV TAEN afLoMoLWwVTaG




£€vav ouvluoopO OmO TPOCOUOLWOELS, EMIAUCN OOKNOEWV KOTA OMASEG Kol KAOOOLKEC
SloAé€elc. H atlomoinon Sladopetikwy peBOdwv SidaokaAiag €xel cav otdoxo TNV
Kwvntomoinon tou ¢oltntr KAatd thv wpa Tng S8acKaAlag amookonwvtag otnv pabnon
MEOW TNG oupuetoxnG. ldwaitepn éudaon Sivetal otnv evBdppuvon TG cUANOYLKOTNTAG
péoa amnod tnv Snuloupyla opddwy epyaciag HEca aTnv Taén.

O1 paBnoilakég dpaocTnpIdTNTES TrEPIAAUBavouvV

1. Aflomoinon mpPooopolwoswv TIoU KUukAodopoUv ehelBepa oto Sladiktuo Kal
TIPOEpPYovTaL amod mavemniothnuia S1iebvolc kUpouc. OL TPOCOUOLWOELE cuvodelovTal
onod ypamtég odnyieg tou Slddokovta yla epyacio KOtd opddeg otnv TAfN Kot
OTOULKEG epyacieg oTo oTtiTL.

2. Emiluon acknoswv otnv Ta€n Katd opades Kol mapouaiaon otov mivaka amo Toug
doltntég  tov didackovta.

3. Awaé€elg

BiAiloypagia

EAANvIKA:

Apxég NavonAektpovikng, George W. Hanson, petdgpaon kai emmpéAleia AB. Kavatritoag, X.
Towvog, ISBN: 978-960-418-165-0, EKAOZEIZ A. TZIOAA & YIOI O.E. (2009)




EE-7A61 — Nanoelectronic devices

BASIC INFORMATION

Department Electronics

Course Title Nanoelectronic devices
Course Code EE-7A61

Theory /Lab Theory

Semester 7"

ECTS Credit Units 4,5

Teaching Hours 3

Working Load 135

Obligatory / By Choice By Choice

Unit Leader P. Photopoulos

Teacher P. Photopoulos

Assistants

Teaching Lectures, Tutorials, Exercises, Exams
Assessment Final Exam

Final Exam 100%

Prerequisites

DESCRIPTION

Aim

To introduce the students in the next generation electronic devices. To provide an adequate
level of background knowledge and skills for further self-development and for understanding
the operation of future devices.

Learning Outcomes

By the completion of this module the students:

will be able to retrieve and to interpret up to a certain level the results of electrical and/or
optical measurements of selected nanoelectronic devices or devices which attempt to take
advantage of the novel properties of nanomaterials.

will be able to describe the structure, draw the band diagram and predict to some extent the
electrical behavior of selected nanodevices.




will be able to contrast the electrical properties of nano and classical microelecrtronic
devices.

Topics Covered

1. Principles of quantum mechanics through the photoelectric effect and the atomic
spectrum of hydrogen. The localized character of light. De Broglie equation. Discrete
spectra. Electrochemical potential of metals. UPS and XPS measurements

2. Energy levels in low-dimensional systems: quantum wells, molecular bonds, band
structure in solids. Conduction. Examples and application to devices.

3. Fabrication and characterization techniques for nano-devices.

4. Carrier transport in MOSFET nanodevices. Ballistic transport. Examples of CNT and
nanowire transistors. I-V, G-V characteristics.

5. Tunneling. Application to memory nano-devices. Hot electrons. Tunneling models. C-
V characteristics of MOS memory nano-devices.

6. Coulomb blockade. Single electron transistors. |-V, G-V characteristics, Coulomb
blockade diamonds.

7. Quantum dots. Quantum confinement, energy gap broadening, optical properties.
Device applications

8. Metallic nanoparticles. Applications in nanosensors, single molecule detection and
photovoltaics.

Teaching and learning activities

Teaching methods include:

Teaching methods include simulations, in class problem solving in teams and classical
lectures. The aim of the teaching methods employed is to promote in-class understanding
through student motivation and learning through participation. Team working is promoted
through in class problem solving.




Student’s activities include:

1. Using free downloadable simulations from the web, launched by high rank
Universities. These simulations are accompanied by instruction written by the local
tutor for in class group work or homework.

2. Solving problems in teams followed by in class presentation of the results by the
students or the tutor

3. Lectures

Resources

Principles of Nanoelectronics, George W. Hanson, translated in Greek by A. Kanapitsas and
Ch. Tsonos, ISBN: 978-960-418-165-0, Tziola & Sons (2009)




