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/& : /Available
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Engineering Design

R12%/Program /BF VAT LIEHR - BREMRE | FH/Semester /BT HR : /First term
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# B1E#/Course Information

B &S 12113501

/Timetable Number

REES 12160051

/Course Number

BA7#/Credits 2

IR RE ##&E : Lecture
/Course Type
2 7 X /Class
RERB%Z BFMETZ : Electronic Material Science
/Course Title
BEYHKEL SH E#2 : /IMADA Saki
/ Instructor(s)
% Dfih/Other A 2=y TER EER R 0 — 12t | PBL EERIE /Project | DX ERRAE
FIB /Internship &E /IGP Based Learning /ICT Usage in Learning
O O

EERBODHIHEICLD O
RIB /Practical Teacher

FEHRAEREBA - N —COEERBEENL, B
FTFNARICETDEEET,

BMBF> YT
/Numbering Code

BEDBHK - 12 /Objectives and Outline of the Course
H 20RO IEF LVWEFLIF - BREZOREZE > /-HRHIIMN b R HEERTH -T2, SHRILIOEERMAUNZTES
EFHEWEASS Y, BERETHAICAREL Z ) MRS BIRTBRO TW5, ZNIEEEHE. BIEER. BBk Y. £
EHRREDNTFTHY ., CNoEZEBLTI2HLVWEFTNNAREZRARTEIXATHBETS2F -7 TR LX—0FHE
A&, BBECPALORVERRETH S,

COBETIHINSOEEMROFA SHFER, MR, BEERICESZEV T, ZOERYEL SEFT /N1 ZIGAAP
FT%
Semiconductors obviously played the key roles in the remarkable development of electronics and information industry in the

i

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.

B DREBIZE /Learning Objectives

i

B | 8B4 HEE. sLCBEEMHEROIC, B4 DRSO ORENLREIOLWTHRLEANLEENRATE 2,
KRICREMEZR R T IhoOHBOERNLYIEICOVWTE Y RCERTE 2,
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INOOMREZERESTI2BFT NS RAFAROBERESEBEINIEZLRISADTFICOVT, Z0F—FKA ¥ bAB L ZEE
TZE %,

B

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.

il

B ZEDERME O EEX / Fulfillment of Course Goals (JABEE B8&HRIE D )

JBE| IO [ ik

RETEIER /Course Plan

No. 15 B Topics AZA Content
1 H|A4>vbtaxovay EEOESHH O L ERNEEICEAYT 21EE,
% | Introduction Electronics in the preceding century and a new flow. Topics of the latest electronic
materials (nanostructures, metamaterial, hybridized material
2 H | EFh1%. BRYHEROERE | EF &AL ? BEEFAEIPRERON? L a L PV A—ARE, FHEEELIE?
(1) KFBREFRE,
% | Fundamentals of quantum | Whatare 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%. BEYEROER | RFOBE. RFOFEA. BRIE. BREELFET,
(2)
% | Fundamentals of quantum | Atomic structure, atomic bonds, hybridized orbital, crystal structure and reciprocal
mechanics and solid-state | lattice.
physics (2)
4 H| EFHh%. EEYUEBROER | HEERT Vv L&, EFFHLAD, 7/ BEE{ERTHE, N FiEE,
(3)
% | Fundamentals of quantum | Potential-well problem. Quantum confinement. Nanostructure and low-dimensional
mechanics and solid-state | materials. Band structure.
physics (3)
5 B | #8&(Q) FERL AN ?HBEL ZAN ? B/ FER/FEROXR], BERFERT /A
Ao
% | Dielectrics (1) Dielectrics (1)
6 H | &%) B4 DBLINR, KEVBEOREER, BB - LEXIEIMEHCL > TBITLZY R
e D007 ERNDBEMBENDR, BREBAEE SAL? ZOBE, REXNLBRE
BEMEL
% | 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 B | #8&0) BEBROBEFT NARCAXEY — £ - FBXRF. ERHXFHRF. MM 7Yy F
(EEMH) RFhE, BFBERT DR
& | 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 B | #iEE (1) HiEDRIR, R EBHE, ¥2 U8 7> h0RAL
| Magnetics (1) Magnetic origin, magnetic susceptibility and amplitude permeability.
Curie's law, Hund's law.
9 B | #E (2) MR D4R - SBEEIE, BRI, REME. RBEE. 7 VEME, ¥2U—74 X8,
| Magnetics (2) Classification of magnetics: Ferromagnetics, paramagnetics, diamagnetics,
antiferromagnetics, ferrimagnetics. Curie-Weiss' law
10 B | #MHRG) BMEERDO T NA RGH-HR AT — BHESHRRE,
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| Magnetics (3) Device applications of magnetics: Magnetic memory, magneto-striction effect, etc.
11 H | BEEER(1) BEEERDOESL, ZOBRNLEEX, T2EBME YA X F—3R, SRBEE,
= | Superconductor (1) History of superconductor, its dramatic facts. Perfect conductivity and Meissner
Effect. High-temperature superconductivity.
12 | B | BE5%0Q) BELEORREZ? Z0BHNER (A Ry, FrY 7Ly 5oL L,
BCS i, 7 —/¥—xf. BFH5E177),
= | 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 F2EBEEADEVELR, YatT7 VR,
ZE | Superconductor (3) Difference between the 1st and the 2nd kind of superconductor.
Josephson effect.
14 H | &E&EwbEY IR ERETEICL 2RO TR & TN RBAF,
% | Latest topics Recent flow of new electronic-material developments: Device fabrication based on
theoretical prediction of material properties.
15 | B | &EwmbEY IR WE - TN A ZFHEERAI,
Z | Latest topics New material analysis technology.

B1EEH /Prerequisite(s)

H | EFNFEBOHTVDEIEHNEFELVLA, BMBEFETIEEL, BROBOPHEERIC, BE. LVYERNASELEZLENS
BREED D,
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.

BEBEBAFE (T8 - E38%) /Required study time, Preparation and review

H LR—MRAERE BATHARTELDHD LT, BT~ 2 FERT I L2BET. BEERERII 2BHEEEX IR L
HRHEEZN T THAREBZ L TTIL,

Z | 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 LA WA, BERBFICEE. SEERCEBNT S,

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

B D =k O E% /Grading Policy

B | ZPHRICETABROMEL. BEFICETLR— FOBRICS L THMET 5, LFR— MIKERS, 2L FR— F2RHL-F4E
N THERZZIEMN B2, BBROBRD 60 mULEzE6%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.

B=EIEZE /Point to consider

H

E2




