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This course will cover fundamentals of semiconductor devices. We will review how the pn junctions, and describe their
application to rectifying diodes and optoelectronic devices. This course will also cover fundamentals of transistors. We will
review how MOSFETs and bipolar transistors work, and describe several aspects regarding shrinkage of device size. Power-
electronics transistors and high-frequency transistors are also introduced.

%}

DEEBZ Learning Objectives

PnEEXAF — FCERENBONIYELEBRS 22 &, FIC, EEM. 2HF v )T A, LEER. BEGE V-7
F—T—-RFOYBREKREZERL, TNOoZBAVWTEREORREZSBTEILHICHDZ L,

pnFEELAF — FOERFE(BERERELEE. REBLHEEEENICHATES Z &,

HH - FHTNARERLTAFT— P, KBEBHRRE)OMERBOBMKEAERT 5 &,

MOS FLBRME b+ T > P X2 DBIERM OB A BRT 52 &,

MOSTEBRME NSV VA RDETEMBE IV X7 2y 20BEFRETEEMNICIBRTE Z &,

EBAROEARET (1> 1N\—%) OBERBECERILT 2EOMESOHKREAERT LI L,

NAR=F R T VIREZELVNT =T NA (P AU RZ, IGBT) OEMERFH OIS 2 BT 52 &,
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You will be understand why we can obtain the rectifying characteristics of pn junction diodes. In particular, you will obtain
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fundamental knowledge of diffusion voltage, minority carrier, injection, diffusion current, and recombination, and you will be

ab

You will be able to explain basic characteristics, DC current-voltage characteristics and capacitance-voltage characteristics

of pn junction diodes, quantitatively.

You will obtain overview of operation principle of light-receiving and emitting devices (solar cells, photodetectors, light

emitting diodes, and laser diodes).

You will obtain overview of operation principle of MOSFET.

You will understand the relationship between basic device parameters and transconductance of MOSFET, quantitatively.

You will obtain overview of operation principle of elemental device of integrated circuits, i.e. inverter. You will be able to

explain problems and solutions of integration of transistors.

You will obtain overview of operation principle of bipolar junction transistors and power semiconductor devices (thyristors

and IGBT).
B HEDERMEDFHEEXE / Fulfillment of Course Goals (JABEE BEER}H D &)
H
ES
#%ZEHEEE Course Plan
No. IEH Topics AA Content
1 B | #BERTNA ROMS-LEEK | B LOROFEBEERT NA X FLEERT /NS ZDESL, pnEEXAF—F b7 IR
FTNARENE ? 2, AYN=2%,
Z | Introduction to semiconductor | Semiconductor devices in our lives, history of semiconductor devices, pn junction
devices &#8211; What is | diodes, transistors, inverters.
semiconductor devices?
2 H | pn BELAA—FOBRERE | pn EEX A+ — FOBEREOEMEAETA,
FRME(L) - B L <A
% | Current-voltage Qualitative explanation of operation principle of pn junction diodes.
characteristics of pn junction
diodes (1) &#8211; rectifying
mechanism
3 B | pn #EXAFT—FOBERERE | ¥+ TO%ERK - BB LEEE., 28F v ) 7TOLBEAEXOEH,
FIEQ2) - IR Es
Z | Current-voltage Generation and recombination of carriers, diffusion current, diffusion equation of
characteristics of pn junction | minority carriers.
diodes (2) &#8211; diffusion
equation
4 B | pn #EXAF—FOBRERE | BB, 2EF v U TDEA,
FIEQ3) - N FiEE
Z | Current-voltage Diffusion voltage, minority carrier injection.
characteristics of pn junction
diodes (3) &#8211; band
structure
5 B | pn #EXAF—FOBRERE | XAF— FOBREEFEOEH, ¥+ U T70HHE, BFEMR. EAER. 44 F—F
(L) -E SR EAT OEREEFER O YIBIIELR,
% | Current-voltage Current-voltage characteristics of pn junction diodes (4) - quantitative explanation
characteristics of pn junction
diodes (4) - quantitative
explanation
6 B |pn BEXAFT—FORZER | ZZER. EZEAOERNH. ZZEAE. W,
LR
% | Depletion layer capacitance | Depletion layer width, electric field distribution in depletion layer, depletion layer
and breakdown voltage of pn | capacitance, breakdown voltage.
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junction diodes
7 H | pnEEXAA—FEX FEEOKRFN, KEE, KEE. KBEEB, KRHR[., BATRERLERR, AL
A+ —=F, L=YPXA4F—F,
Z | Light-receiving and emitting | Optical absorption of semiconductors, photoconduction, photovoltaics, solar cells,
of pn junction diodes photodetectors, luminescence material, light emitting diodes, laser diodes.
8 B | NMKR=F 7P 2&2(01)-# | EREE BERBEOHE. BRBIEER, EAKX IEX,
FES
| Bipolarjunction transistors (1) | Structure of bipolar junction transistors, overview of DC operation, current
- current amplification factor amplification factor, transport factor, injection efficiency.
9 B | NMA=F bF7P2202)-3# | R—RIEI. BREP., 7T—UHR. SV FRIL—,
B
ZE | Bipolar junction transistors (2) | Base resistance, current crowding, punch through
- various characteristics
10 B | pn BELAFT—FENAR— | 2EF v U T7OERE., KREBERE OB,
SISV RARDERER - 5L
2
% | High-frequency and pulse | Minority carrier accumulation, overview of AC operation.
characteristics of pn junction
diodes and bipolar junction
transistors
11 H | MOS WERME 7 YR & | &B-FEfEM MOS #iE. BE. B2, Rk,
(MOSFET) (1) - MOS #x&
Z | MOS field effect transistors | Metal-semiconductor contact, MOS structure, accumulation, depletion, inversion.
(MOSFET) (1) &#8211; MOS
structure
12 H | MOS WEBRHMELZ P X% | MOSFET O#5E & ERE, MOSFET OEREBERE, FL A EREMNOYIE,
(MOSFET) (2) - BhERE
Z | MOS field effect transistors | Structure and operation principle of MOSFET, current-voltage characteristics of
( MOSFET ) (2) &#8211; | MOSFET, understanding of physical picture of saturation of drain current.
operating principle
13 | B | MOS ERMDRE NS VR4 | HEaV K7 8> R BIERE,
(MOSFET) (3) - EEM% &
T
Z | MOS field effect transistors | Transconductance, operation speed
(MOSFET) (3) - quantitative
explanation
14 H | CMOS LU &4 D FET CMOS, #&/ FET(MESFET), @EBFBEE M7 Y X% (HEMT), BEZFE 7~
T2z (SIT), BENZ Y REZ(TFT),
% | CMOS and various FET CMOS, junction FET(MESFET), high electron mobility transistors (HEMT), static
induction transistors(SIT), thin film transistors(TFT)
15 H | EO#lbZrox4% F U EHBBEATE. pnpn XA v FHRF. YA URZ, GTO A UK, /T —
MOSFET, #&#&~7— b FZ > X% (IGBT)
& | Power transistors Relationship between on-resistance and breakdown voltage, pnpn switching device,
thyristors, GTO thyristors, power MOSFET, insulated gate bipolar transistor (IGBT).

B1E5 Prerequisite(s)

H | 2 =X\ ECICERET 2EBREKEBHRAY. EFOEERBONBZINIRICHERT 2,
= | You need background knowledge studied in "electric circuits", "classical electrodynamics and exercise" and "electronic

material science".

RERHENLE (FF -

BE%)

Required study time, Preparation and review




12160050_BF7 /31 X

A | (B7niEERR] CFBI TR0 b, ABRCLELALLOIE, ABECHL SHNE [FBET /(2] (NR. &
A, HITHHR) O1BL2EICELHTND, IO1IBL284EFHLVIEEET 2L, RHERELEET 25 A TRELRYIT
1272 %,
HEABORA Y MIBHREOPIBLERMBICE L H TV D, EXMBEOFMAMBEIIERICBEL VD, ThooflEL
EXMBETEBRI DL x8B 5,

= | You can learn the prerequisite knowledge of electronic material science from chapters 1 and 2 of the class book. Preparing

for or reviewing by reading chapters 1 and 2 of the class book helps your comprehension of device physics.

The points of the lecture contents can be reviewed by working through examples and dissolving end-of-chapter problems in
the class book. Detailed answers of the end-of-chapter problems are at the back of the book. Working through the examples
and problems are highly recommended

HRE 5EZE Textbooks/Reference Books

B | #RE [FEETF 0 R] (W, B3R H32HR) /S$EFE [ahr o283 ¥ E8ET A RITH] (80, ¥, #EEH). [&
BEETY] (B, F2. £udk). [RF VLSI0ERE] (k7 7, =¥, AF)
| Class book: "Semiconductor devices (in Japanese)" M. Yoshimoto, H. Matsunami, Kyoritsu Shuppan, 2001.

Reference book: "Graphic explanation of semiconductor device technology (in Japanese)" K. Taniguchi, S. Uno, Asakura
Shoten 2014.

"Integrated Circuitry (in Japanese)" K. Tamaru, H. Nozawa, Kyoritsu Shuppan, 1999.
"Fundamentals of Modern VLSI Devices", Yuan Tauer, Tak H. Ning, Cambridge University Press, 2013.

BEREMm D =R O EXE Grading Policy

H | 2L R— T+ ORBEZHRETHRORNIRE T 5, REIEFHAABOBRICL Y M 2,

Z | Submission of all the requested reports, approximately 3 reports, is prerequisite to evaluation. You will be evaluated based
on term-end examination (100%).)

B = ZFEIEZE Point to consider

H

ES




