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22 HEAZYE7|a2 0.um & £ 10|5te] AHO|E Z|Recent semiconductor processing technology has advanced to the point of
O| & Zte HIEXAZIQ ZHSHE & ¥ 2 XS 7 5|integrating semiconductor devices with gate lengths of 0.1 pm or less. In order
X SHuE Y Semiconductor SEICH 0|2t Zo| Z[4l HFEX| AZHE O|s5t ZA|0f|to understand and acquire process technologies that are in line with current
°_,_.;__| Al AL A xIxl 5| = oK Heste 247|128 55517 YaliMe 24l 2H7|&S|trends for these advanced semiconductor devices, it is necessary to have a
ey M HEMet | A SRSk EReps Process 3 ~ S o ) = ) ) ) AHE
s | ) 2HE St 27t Wastch 2 ZooM e HHEX| 4AZ[E|lectures based on the latest process technologies. In this course, in-depth
(Esre) ntegration A|2tst7| st AHF HYZY 7|&0| oigk A= Q= Z+O||lectures on unit process technologies for fabricating semiconductor devices will
£ 50 O|sHY 4 QUYZE 5tH, O|E 7|20M2 EA|5l |be provided to enhance understanding, and problem-solving and application
A 53 4 2853 HijstTt skills will be cultivated within these technologies.
22 Uz L Oo|xt(2D) ZAA = Research exploring one or/and two-dimensional (2D) crystals and their heterostructures is
Heh g3e B2 HYR S82 S’o = rapidly expanding to include a wide variety of layered materials with diverse properties,
[TT=4 SIZFE| 71 O] & 0|23t EA0|= ZsH oty | i . . . L .
q;r A %:OHJ_ M':'Hq; 1=t ;jooll; a2 oAl including strong many-body interactions, strong spin-orbit interaction effects, coupled
o ASZER 75 AW-YE ASRL 53 HSHE AW-9|
Topics in Low ham molsr xi Em ol ma ol o spin-pseudo-spin physics, topological aspects etc. In this class, low dimensional materials
X518 25 & | Dimensional ALAT 22jal YAH &6 50| ZEHUC 0o 40 [SPNP pin_ physics, topological asp : ,
pupyenX-tniy oy 343t | 1001350 A%t E2 Materials. and 3 |& 14nm 0|29 Si 7|& 0|49 X8 $HQI A2 ZHE |and devices, which are one of key candidates beyond Si technologyless than 14 nm, will be| A+
LA S = =
Devices % A4S ALY 55| CNTs, TMDC, 120, ZAM g gied. Particularly mechanical, optical, and electricalproperties for newly emerging nano
A S ME ST U MR 7[AH, FIH U [ o . . .
3 EMS AHHOEZ CtE UL o] WYL Saf of materials including CNTs, TMDC, graphene, phospherene and so on will be specifically
S MO BFEH| 7|49 M3 S3k1 =@ Zwiof| Ofst o] |addressed. Through this course, one of key goals is to enhance the understanding of
SIE A7l 20| 8 =8 F StHUYC research trends and key aspects of next generation of semiconductor technology.
O #¥2 5S40 =EMe 7I& S82 HHEUM:. |This class covers technology options at the 5-nanometer node; (1) patterning technology for
1) N52 3t B oSA 7|4, (2) DAS 2 HH™ . . X
m S WY ME 9 JlE () 185 A1 “ 7IN5, (2) novel channel materials for high performance and low-power CMOS, (3) options
Semiconductor CMOSE AlAzt &, (3) 5Lt0|E L E0|AQ FinFET ) )
W HE U | Materal and o|Afe] &M, (4) SLILO|E| LE 7|2S 1S5t e A beyond FinFETs at 5 nm node, (4) low resistance contacts to enable 5 nm node technology,
Hxsstat o 343t | 1001352 At 2A Device 3 |xat A, (5) 5Lt0]Ef £ 7|£0|A BEOLZ MOLE|(5) parastic R and C mitigation options for BEOL and MOL in 5 nm node technology. (6)| A&
A T—H = =
Characterizati Fsh 2P R ™ C sS4, (6) SHEOIE 7|20 Metrology challenges for 5 nm technology. Furthermore, the students in this class have the
aracterization HEr A EH LHMYUCH GO, o 499l SMES _ . -
oM B SMEE okyHol 52 S| FEOL AlE opportunity to study the present and future of FEOL reliability from dielectric trap
Mo| szfet 0|2 ZHE £ Q= 7|57t RojLCt  |properties to reliable circuit operation.
= Y2 CMOS ¥ bipolar EFMZ|AE{9] F2FS Z|HiSt| This class covers the device fundamentals that govern the behaviors of CMOS and bipolar
= x| 7|25 stUe HAER 2 £35] 72 ME . . . . .
= ¥ _l g sl ! _q_'_EH’_ S8l 22 A transistors into a single text, with emphasis on those parameters and performance factors
Ofo| 32 a9l VLSI AX|0| §3| F2E ojuiset 4 , ) , R ,
L Q40 2MS WEUCH O] YE £ Jjo] o MM that are particularly important for VLSI devices of deep-submicron dimensions. In this
Nanomaterials o2 AMElof Qlon, A Hw HES rtaur 7k2 23| |course, comprised of two main sections, the first part is to build up basics on device
and Advanced S HR7| Hah F2 =30t 72 FEche AYUY physics to handle with the following issues: (1) p-n junction, (2) MOS-capacitors, (3) carrier
UHeizRsd CF: (1) p-n &, (2) MOS HIHAIE], (3) HITBE HEHOIA
XL S ol DAl . HH, ’ % © : et . - o
xtSetat oS HE43t | 1002337 Jlss= Semiconductor | 3 of F20] ML (4) A U T MOSFETS| £2¢ 2 transport in nonequilibrium state, (4) operation principles on long and short channel| AHS
Process 2. & B BE2e T 7|21} AR S Y2 BHoj|A]|MOSFETs. The second part is to understand physical limitation on scaled down devices
Technology 34k0lE 7| LE FHO Z4FH [0 Ot 2|3 |around 3 nm technology node in terms of process technology and device operation
5t2 0|55t ] o10| BtMES . — . . .
Hzteg olsfiste AYULt. Ci80f, O] £ SHIS2 Al principles. Furthermore, the students in this class have the opportunity to build up skills on
o4 2Pyl wr 32 83l (1) 220|= 7%, (2 ¥ ) - ) ) - -
B 7|4 (3) "o|ST &S FAAT|= J|EE ZEY (1) slide engineering, (2) presentation skills, (3) Q&A through the activity of presentation in
Ct. seminar courses.




e
rE

Jor
[

alis
(=

ot

nus e

-0 F
1
Ar 4>

T

%

HO

Application of MEMS
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A precise microsensor is required to measure
a phenomenon in a minute area, and for this
purpose, various sensors are developed and
used through the MEMS process. This lecture
focuses on understanding the principles and
applications of sensors developed through the
MEMS process and cultivating the ability to

develop and utilize sensors.
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SPM nanoanalysis
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SPM  (scanning probe  microscopy) can
measures various physical quantities and
physical  phenomena on the nanoscale
through nano-contacts made with specimens
using fine probes. Recently, as semiconductor
unit devices have been reduced to a few
nanometers in size and atomic materials are

being used in device development, a new
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analysis  method

using SPM has been
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developed and actively utilized. This lecture
aims to wunderstand the principles and
applications of SPM and to cultivate the
ability to use SPM.
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At the nanoscale, a unique heat transfer
phenomena occur due to the direct transfer
characteristics of phonons, photons, and
electrons, which are thermal energy carriers.
This lecture aims to understand the specific
heat transfer phenomenon that occurs when
the characteristic length of a device reaches

several nanometers.
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A stat N nAsAE 3 Mg
(&g (M4,2%) = el s 2= gz B
3, 55 SHE A o " "
oM w g 222 RRAM, PCRAM, FeRAM, | Study of switching mechanism of emerging
MRAM (magnetic tunnel junction, memory devices such as RRAM, PCRAM,
STT-device,SOT-device)a=A}o] 2913 FeRAM, MRAM and related physics.
X SEEE Y WA EFH olE &2 74 LAl digh Understanding of material properties of
043-5."_-?'-} Al sy e BBaAxt 22| Physics od Memory 3 LA E G5 HolwE bk, transition metal oxidem chalcogenide g
FEEIH) Hat Device Z3aAGol= B E, FHHA A7, ALA compound semiconductors, ferroelectric
S vl 25, 2D AAA L BEAOE Y9 materials, magnetic thin film, 2D materials
FQ EXE 3, o]l AMEY AAHY and study of their application to next
v FEA W me, AT RREEI LAR generation non-volatile memory and
g 498 5 neuromorphic devices.
Study of basic concept of semiconductor
WA 2o 718 pdd =g, AR, physics including band gap, electron/hole
=37 o] 5, =gy, Fad g doping and carrier concentration, mobility,
M3 Semiconductor MMy A7), Btz EAS 1A &5 effective mass, electrical and optical properties
Sarsky oI [=} HIEH| 223 = Al A s 3 ' AP prop At
CLabE < A} 120622 i &2/ Physics 3 SAEL A ZHoA g<5g pn WA 9} with band gap. Understanding the J-V and t
J-V, C-V &4 ]3], MOSFET# J-V §4& C-V characteristics of pn junction.
st Understanding the working mechanism of
MOSFET and J-V characteristics.
In this class, we understand material
0| =98 EsA HtEAo] AX| EMT} A2 properties of semiconductor and current trend
. Special Topics in HHEH| AXfO| WM E&te skadt J|x oy |of semicon(liucto}r1 devicgs. I?asic serEic(j)ndL;ctor
son | on (%3] e | wowsmse | oo | o | 5655544y n gumus | PO e st |
w2t i Ja|m x|=o| HiZ M EAM 2AMab x|30] HIEA . prop pry
Physics 12, Zi=o] ghen S48 240 220 BEM | 4 studied. Current development trend of
2t 22| X A= characterization methods and semiconductor
device is also surveyed.
Study of characterization methods of
. structural, electrical and optical properties of
stz Mz HECA| AX) O A Analysis of MEA a4 2F P BY, 471K 54 , P o
et A 3 4 SR A7) S AKX Semiconductor 3 A, 43 SHEN Ao Aeuue semiconductor materials. Study of -
[Eanizs)) gt =4 Materials and Devi S5 s 2249 AAH 54 &4 -V, characterization methods of electrical
=S aterials and Devices V) ur & sl . )
C-V) 4xiel ol st properties (J-V and C-V) of semiconductor
devices.
p—_— Semiconduct e 2n B AaS Hed ol e Study of basics of semiconductor physics.
o Ma emiconductor HE A 42 & 712E g% pn ol
=aisk ol S HEE R AK Sl = = 99 %D . . A2
RN ue 121713 5t K| A Kt Devices 3 0 TFT 7% 9 47 989 shea). Study of bla5|cs of Apn d|od-e énd TFT and f
various device applications.
Special Topics in o
N Mz X120 2ESHA SPE|n Qe HieH AKX O Study of current trend of semiconductor
=2gat oIy S 121714 HICHAKIER Semiconductor 3 SE S LT yor ) o e
Het Devi SERO0E o5t devices and their applications.
evices
- iy o . e Study of fundmentals of quantum mechanics
geja o > | 120504 oyrpofst Quantum Mechanics | 3 |%Xjeistel vlxet THS2l0| MBS S5 y o unen 3 , N8
et and its application to solid state physics
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Study of the electrical properties of
SC I AT }O‘ RO =H2 HLHEE semiconductor devices using
G tational Material g ES 0|2510f 22250, 0|2 Higtog |computational chemistry methodologies
o - o omputational Material es== i e o K i
ofstat oIy M3 1002581 HET ARt pCh <t 3 NNl —T‘?EE, 221X, §+27§* S48 to predict the structural, physical, and| At&
emis = = = o = = ) ) )
Y 0“?‘_7}3 —'/f; CIOIE2t 248 =X =F A |chemical properties of devices and to
OlcHot DXt &
understand the property data and
properties at the molecular level.
G tational AOHE 25 Al2Y042 Soi ATHO Study of principles and methods for
s - e omputational o oE =S — % e - ) e
skt ol MIZAlsH 131803 A Atslst Chp « 3 S42 I26tD =56t 91 2el2 UHE |understanding  and  predicting  the| A8
emis St 5l ) .
v SE8. properties of materials through
computational simulations.
Nano Optics is the study of the behavior of
electromagnetic waves on the nanometer
scale, and of the interaction of
LHeZote LpeOjE| AH20jMo] FMA7|T A2 Eanometer-s;zed IobJects with I|gP|1It.
N ‘s onventional optical components general
ofsfstn Liole| 37lo] St o AARY P b generey
CHSIA] EHTsHe BH2O|CH 2 2Q0jME 3/E 317 caEnot Tocushelectrolmagn(:w waves t? de(;p
. o . . subwavelengtl scales ecause O the
Eg|sta} oIy HEASH 1002525 Lie st Nano optics 3 £ S5510] HIP|OE LO/HAIZ TEHAZ o Ig + We will studv th b A
2 ol Clopst 7|20 B2 iasD 02 0|8 i ractn;)n |r:|t. Ie will stu y the tec ‘nlques
t nfine t ctromagnetic waves int
o Liego] Bon S5g AR ARg gm0 DT TR EEIETEE T T C
0 AlZO/L Eoj2 Bic} nanometer scg e, for example, surface
plasmons, localized surface plasmons around
metal nano objects, and the nanoscale
apertures and nanoscale sharp tips used in
near-field scanning optical microscopy.
Study of quantum concept-based components
=3jd} < () = o= o] = . .
A ":i;'_lix" Al TS A OEXLA . i/‘ﬂ o a &7 loﬂl/\: ?5;‘4;»; Heza glE that are emerging as one of the alternatives o
=ai A= HE st SS N EAINS Quantum Devices 3 FANE 716k AAES PolRa, O 3 A X A+
(EHENH) g s}, BEE AISS e for next-generation devices, and their
principles and related concepts.
The class on charge transport phenomena
deal with the fundamental concepts of how
o T . HtE Aol F4 9 o] oA A 0}-’] electric charge behaves in materials,
arge Transpo 2493 BHAF A 2 o2 E, o . :
= N o X N ’ encompassing both classical and quantum
ga/%tat oF  |mBMel 1001208 Foes8Y  |Phenomena Quanum| 3 |H819l R 2 B0, T4d, oFE, 4w passing , e Mg
T "t MNAYZ, o o2, Awo] 5 wA E: aspects. It explores topics such as drift and
ranspol =D =, 44 s 1 =
P oFatA ol WA A Bt o] &3t diffusion, mobility, scattering mechanisms,
localization phenomena, band theory, and
phase transitions.
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In this class, we study in depth the electrical
and optical properties of small molecules,
polymers, organic-inorganic hybrid perovskites,
and quantum dot materials in relation to
molecular structures. In particular, based on
the electronic structure, the properties of
insulators, semiconductors, and metals are
classified, and the application of each material
is covered. A comparative study with
conventional inorganic electronics is also
discussed.
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Studying the structures of compounds that
make up organic semiconductor materials
used in solar cells, OLED devices, thin-film
transistors, and others. Additionally,
investigating how the structural characteristics
of organic materials affect their properties
through recent research trends.
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People use many spectroscopic tools such as
infrared spectroscopy, Raman spectroscopy,
photoelectron spectroscopy and inelastic
neutron scattering to investigate properties of
solids. Especially, such spectroscopic tools can
see electronic, magnetic and lattice dynamics
in solids. We learn the mechanisms and uses
of each spectroscopic tool in this class. The
purpose of this class is to understand the
mechanisms and uses of each spectroscopic
tool and to learn how to see spectroscopic
experimental data.
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When reducing semiconductor materials to
the nanoscale, understanding the
semiconductor surface becomes increasingly
important. Through this course, we study the
principles and applications of various
experimental methods for understanding the
physical state and chemical composition of

the semiconductor surface.
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Materials modelling

and simulation
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Study of principles and methods for
identifying and predicting material properties
through computer-based simulations. Study of
theoretical approaches to predict electron and

atomic behavior by dealing with quantum
mechanics-based methodology.

Point defects in
semiconductors
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Study of the effect of defects on electrical
and optical properties in semiconductors.
Understanding of the formation energy,

diffusion coefficient, and doping characteristics
of point defects that greatly affect
semiconductor properties.
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This course is designed to provide the
opportunity for students in the field of
engineering to study quantum mechanics.
Topics includes fundamentals, matrix
mehcanics, perturbation theory, and energy
band theory.
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Topics in Physical
Electronics
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This course is designed to provide the
opportunity for students to exposure to
research articles in physical electronic. Each
session includes an extensive discussion of
review articles or recent literature on active
research fields.
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Fundemantals of
Nanoelectronics

This course is designed to provide the
opportunity for student to grasp an deeper
understanding the nature of current flow in
nanoscale devices. The students will learn
nonequilibrium  statistical  mechanics  and
quantum phenomena occuring on an atomic
scale.
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Topics in
Nanoelectronics
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This course is designed to provide the
opportunity for students to exposure to
research in nanoscale semiconductor devices
and beyond-CMOS devices. Each session
includes an extensive discussion of recent
literature on active research fields.
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Low Power VLSI
Circuit Design
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Reduction in power consumption of
electronic devices (mobile device, data
center, etc) is becoming more and more
important nowadays. This course covers
various methodologies to design VLSI
circuit with low power. Components of
power consumption, issues caused by
technology scaling, and low power circuit
techniques are introduced. Also, by
reading and presenting recent papers
related to low power design techniques,
students learn latest low power issues
and techniques.
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Semiconductor
Memory Design
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This class covers cell structures and
operation  principles  of
memories (SRAM, DRAM, Flash memory),
and scaling issues. Also, various emerging
memories (PCRAM, STT-MRAM, ReRAM)
are dealt with to overcome the scaling
issues. In addition, by reading and
presenting recent papers related to
memories, students learn latest issues
and techniques.
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CMOS VLSI Circuit
Design
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CMOSs
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Process,
Inverter,

This course generally deals with digital
VLSI circuit design using CMOS. It covers
Manufacturing  Process, CMOS,  Wire,
CMOS Inverter, Combinational/Sequential
Logic, Arithmetic Building Block, Timing
Issues, and so on. Students who finished
this course are expected to have a
necessary knowledge and ability to
design digital VLSI circuit

Arg

3
[l
ot
fot

J

Advanced Topics in
VLSI Circuit Design
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In this class, students present/discuss
their on-going projects, and study recent
papers related VLS| circuit design. Every
class is progressed by presentation. By
analyzing their on-going research with
recently published works, research ability
is expected to be improved. Also,
students discuss how to apply various
ideas of different fields to their own
research. Final goal of this class is to
come up with a new idea for a paper
and to give a concrete shape to the
paper.
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Topics in circuit
design
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In this course, the students present their
2 £ shdo| rdsta Qe A0l CHdh|on-going projects and discuss about it.
ga Y EEZZ oCh 0fF YHE o TdE|Fach session includes an analysis and
o, z[A 7|z0tel Hlm 242 S8 ¥+ 53 |comparison between recently published
2 SZIstch chFst ol 2ofo| 0t0|C|0{E2|design and their design. Also, this course
StEQIOlZ Foist= YA O i E23HCH covers how to realize ideas by a

hardware with circuits and systems.
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Mixed-signal Circuit

Design
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This course introduces the analog circuit
design operating with digital signals.
Based on the knowledge learned in
analog integrated circuit, this course
covers the design method of logic gate
used in digital circuit design.
Furthermore, this course includes the
optimization  of digital circuits by
applying the analog circuit analysis
method.
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Analog system design
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This course covers the design method of
hardware system with analog circuit
design technique. Students will learn
about how to understand the analog
system including sub-blocks and present
the analyzation of related literatures.
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High-speed interface

design
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This  course introduces the design
methods used in high-speed interface. In
this course, we review microelectronis
circuit and analog integrated circuit.
Based on reviewed contents, this course
covers the design of each blocks in
high-speed interface including the clock
generator and equalizer which is used to
compensate the channel loss. Students
who finished this cource are expected to
build a knowledge about protocals of
wireline interfaces and have an ability to
design the hardware with analog circuit.
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Special Topics in
Organic Chemistry
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Study of biaryl compounds, which are
widely used in semiconducting and
electronic materials, and their synthetic
methods including cross—coupling

reactions and C—H activations




- X Ej:f'% nIE Ha ‘ F 1]
o a3 7%zt TE ol In=ac “dHZEAM B e iy
go#ah wyed | 2 =22 as 2= as | 5
B, 5% RLER AP - = =
Studying the structural analysis, various|
Btz 2EQ 7|2 8482 ol8fst7l #IBt T types of bonding, and the significance of|
R sss H2 st o ~ - . - Zg24, oy 3FFe ‘Eﬁ.’(bonding)L Eéiphonon dispersion f?r understa-nding the
(S S25at o H3MSH 120601 nbsi=ElE Solid state physics 3 |(phonon)@| #4t0] 2|O|StE BEE &h&8lD, B fundamental properties of semiconductor! A&
Efband gap)l WHYEl, A3t H20|H materials. Exploring the principles of|
(Fermi surface)Oll CHsl sH&ah band gap formation, reciprocal space,
land Fermi surface. |
This course is to study artificial
Clost RESHO|AS BEHol glAréjgﬂPg|intel|igence—based' learning .rdeeIs -to:
RSSUEHZAH | oo | am  |maus| omess | seomns | MO ATRGE | |8 RSSO S 92ns slwel saay MOmHeefident  decsonmaking
@say | = I SEESaE Intelligence g o8 aAS, Mopal, gRmal Sof 4 POCSes In manuiacuring environments
o HEERO HESHS and develop the ability to solve field
problems such as scheduling, inventory
management, and logistics management
— Learning the theoretical background and
X sEetomEstat Reinforcement sssc@ol O o2 43 THYd implemzntation methodgs for
MNegasat Ay TS 1002656 PACILiE] 3|0 oief StEstn, HEE2 So AHMEXN F A
(EHsa) Learning s reinforcement  learning and  applying
them to real-world problems
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