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BEDBR - IE Objectives and Outline of the Course
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& | Semiconductors obviously played the key roles in the remarkable development of electronics and information industry in the

last century. The important position of this material will not be weakened in the 21st century. However, other materials
like dielectrics, magnetic substance, superconductors, organics, biochemical materials, are now opening a new potential
field. In developing innovative electronic devices based on these new materials, we have common keywords such as saving
or creation of energy, and good relation with the environments and also human being.

Dielectrics, magnetic substance and superconductors are selected here to give basic understanding of material physics
and device applications. Foundation of electromagnetism, solid-state physics and quantum mechanics will also be briefly
reviewed for this purpose. Some frontier topics will also be shown. The students are strongly recommended to attend this
attractive lecture.

FEDENERE Learning Objectives
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To understand basic properties of dielectrics, magnetics and superconductors.

To deepen understanding of these material properties by solving exercise problems.

To understand key points of important applications and present status of device developments based on these materials.
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BiZDERE D HMEX / Fulfillment of Course Goals (JABEE BS:&ERIB D &)

B | IO | ik

ZEEHEEE Course Plan

No. IEH Topics AZ Content
1 B|A~tagsv3> HEEOEDHOA L ERNEEICET 2185,
= | Introduction Electronics in the preceding century and a new flow. Topics of the latest electronic
materials (nanostructures, metamaterial, hybridized material
2 B | EF71F. BRYUEROER | EFLIMAL? BEEFNENLERON? Y aLI Vv A—ARA THEEMELIL?
(1) KERFRE,
% | Fundamentals of quantum | What are quanta ? Why is quantum mechanics necessary ? What are the Schroedinger
mechanics and solid-state | equation and uncertainty principle ? Hydrogen atom, etc.
physics (1)
3 H | 8F7h%. BRYEROERE | RTFOBE. RTofEe. BRIE. BREELFEETF,
(2)
% | Fundamentals of quantum | Atomic structure, atomic bonds, hybridized orbital, crystal structure and reciprocal
mechanics and solid-state | lattice.
physics (2)
4 H | 8Fh%. BEYMGROER | HEERTF VS v IILBE, BFHLASD. F/BELERTHE, v FiEE,
3)
% | Fundamentals of quantum | Potential-well problem. Quantum confinement. Nanostructure and low-dimensional
mechanics and solid-state | materials. Band structure.
physics (3)
5 BH | #&4&Q1) FEAELEADY ?DBEL AL ? BB/ FEE/FEHROXG, BERBEERT /MM
Ao
% | Dielectrics (1) Dielectrics (1)
6 B | &%) B4 DBERIDB, KEDBEOHREEH, FEDR - AREXEMBICL > TERLEZY K
FHIT 2007 ERPDREMEINER, BEBAHE EAH,? ZOHEE, RERNLRF
B KL
% | Dielectrics (2) Various electric polarization. Interaction between light and substance. Dielectric
dispersion: Why is light refracted or reflected by substance ?
Macroscopic and microscopic polarization. What is ferroelectrics ?
The mechanism and typical ferroelectri
7 H | #E4&03) BEBROBFTNARCAAEY — £8 - FBHZTF. BERINAFERF. M7 Uy K
(BEMR) RFHE, BEBRRF~OHE,
% | Dielectrics (3) Electronic device applications of ferroelectric materials: A memory, Pyroelectric and
a piezo-electric devices, electrooptics deviced, hybridized (composite material)
devices, etc. Expectation for ferroelectric devices.
8 BH | #MHEE (1) WHORR, #ELBEHE, ¥2 )-8 7 DR,
% | Magnetics (1) Magnetic origin, magnetic susceptibility and amplitude permeability.
Curie's law, Hund's law.
9 B | #EE (2) HEMERDEE--SREE I, BEE. R, ROBEME. Tz VB, Fa2 U —7 4 X8,
% | Magnetics (2) Classification of magnetics: Ferromagnetics, paramagnetics, diamagnetics,
antiferromagnetics, ferrimagnetics. Curie-Weiss' law
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10 | B | #&EEEG) HEER DT /N A ZIGA - HR AT Y —, BEHRRE,
= | Magnetics (3) Device applications of magnetics: Magnetic memory, magneto-striction effect, etc.
11 H | BEEER(1) BEEFRDOESL, ZOBRNAEER, T2EBMH LY X F—3R, SRBEE,
% | Superconductor (1) History of superconductor, its dramatic facts. Perfect conductivity and Meissner
Effect. High-temperature superconductivity.
12 | A | BEEHQ) BEREORREE? ZOEBWER (AY Py FYYTIULT - T Z7OERY KL,
BCS i, 7 —/¥—xf. BFH51H),
= | Superconductor (2) About the origin of superconductivity. Theoretical consideration (treatment by London
and Ginzburg-Landau, the BCS theory, Cooper pair, interelectronic attractive force
13 | B | BEE%0) B1E, B2EBEEEDEVELA, YatT7 v R,
Z | Superconductor (3) Difference between the 1st and the 2nd kind of superconductor.
Josephson effect.
14 H | &Eimbteyorx ERETEIC L 2RO FR & T84 RBAF,
Z | Latest topics Recent flow of new electronic-material developments: Device fabrication based on
theoretical prediction of material properties.
15 H | &EtimbtEY IR WME - 78 A ZFHEAT,
% | Latest topics New material analysis technology.

FE1EZ14+ Prerequisite(s)

H | EFNFEEEHTVEIEHLNEEL LWL, HAFHTIIAL, BEOHRDPERDIC, BE. LYERNLEHELEZR LG,
HERTEDD,

Z | It is not indispensable but desirable to have studied " Quantum mechanics," etc. A lecture is an advanced review of
fundamental matters at the beginning or midway of the course.
Answers of exercise problems will also deepen the understanding.

BRERENZE (78 - 585

Required study time, Preparation and review

H LR—MRELRE BOTHRANTELDDI LT, T VAR BMI DI L2 BIET., BEERRIL 2BEEE LD RL
LRFEZENT T BREEEZLTIEL,

& | Students are expected to learn the topics deeply through writing reports. After a lecture, students are expected to review the
contents taking at least about 2 hours.

HRIE S%E2E Textbooks/Reference Books

H FICHRIZ IR WD, BREFICEE., SEEREITBNT 5,

Z | No specified text books. Good reference will be shown in the lecture.

BRI D kKR O FEZ% Grading Policy

B | PHRICETABROMEL. BEFICETLR— FOBRICS L THMET 5, LFR— MIKERS, 2L FR— F2RHL-F4E
N THERZZIEMN B2, BBROBRD 60 mULEzE%ET 2,

Z | Assessment in this course is determined by final exam outcomes.
Multiple reports to be submitted throughout the semester. A student who submits all the reports will be qualified for an
examination.

BB =E1E5F Point to consider
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