Preferred course/module

(1) Module I: Process integration: Chemical/Material Engineering

Dept./Inst. Course Title Time Instructor Remarks
(For AY 114; AY
115 arrangements
may change)
1| College of Semiconductor Lithography Wed. Periods 7-8 Prof. Ben-chien Li
Semiconductor Research Fri. Periods 7-8 MARER
2 Syllabus from previous instructor
College of Introduction to Semiconductor Fri. Periods 7-8 Prof. K_aixin Li for AY 113;
Semiconductor Research | Process ‘ FigE final instructor subjects to

department assignment.

Department of

Analytical techniques for

Thu. Periods 2-4

Prof. Chia-Min Yang

Research

Memories

Thu. Periods 5-7

s = N

[ =

Chemistry Materials Chemistry BER
4| Institute of :
i Prof. Chien-Chun F
NanoEngineering and Polymer Micro/Nano System Wed. Periods 5-7 I un
. Technology {HiEd
MicroSystems
(2) Module Il: Semiconductor Device: Solid state physics
Dept./Inst. Course Title Time Instructor Remarks
(For AY 114; AY 115
arrangements may
change)
> |College of Semiconductor |Introduction to Semiconductor Prof. Wei Su Syllabus from the same instructor

for AY 113.




College of Semiconductor

Introduction to Semiconductor

Fri. Periods 3-4

Prof. Yonghua Zeng

Research Device & oK FHe
College of Semiconductor . . . Prof. Shirata Riichiro
Research 3D and Next Generation Memories [Thu. Periods 6-8 5 I8 — B

Department of Physics

Semiconductor Physics

Fri. Periods 5-7

Prof. Wei-Ting Hsu
RIRE

Electrical Engineering

Introduction to Solid-State
Electronic Devices

Wed. Periods 3-4
Fri. Periods 3

Prof. Chongrong Lin

MERER

Institute of Electronics
Engineering

Quantum Mechanics

Thu. Periods 7-9

Prof. Jianyuan Zhang
sR#ETT

Syllabus from previous instructor
for AY 113;
final instructor subjects to

department assignment.




R 25 NS R
1141 R 54 4
Course Number 0CSR 540300 Credit Class Size 0

X%

Course Title

B 5TE
Course English Semiconductor Lithography

Title
EER#ED  WAZRER(LIN, BURN-JENG)

Instructor more information

HFIEREE « RET ~ Immersion ~» EUV

LE%E%FEE W7WSF7F8 LRAE GEN III4:=LRA
Time Room

REEE  AETESMER - MERIEEZENHAESE

Please respect the intellectual property rights, do not use illegal copies of textbooks.

IR EHEZ AR
FRreRtE R = AR
BB ZIZDEES
Core capability to
be cultivated by
this course

This course covers the key aspects of nanolithography in theory, practice, and innovations on diffraction-ba<x>sed
imaging as well as materials, equipment, and processing in nanolithography. There is also coverage on well-proven as
well as exploratory systems to expose students to many different situations, providing opportunities to train students in
creativity, logical thinking, and problem solving, as well as equipping them for R&D and production engineering work in

semiconductor companies. EFIERELE VRS » RORKIMF M H ,—r\-KHl A MIRRMERIZNER - &
R *DE'HEE’J%ZIKEEM ; hEESERR MEEREPNRAMEARGREEAREEEREREN I‘E/R S
fREMFIRIFT « BRERE « MIFLREIERIEES] - HEE Eﬂaﬂ?" iiﬁiﬁfﬁ’“’\jﬁﬁﬁ*%ﬂiéﬁﬁ Ef

Course keywords:
Nanolithography theory and practice Z KM EIEsmFFER > Nanolithography materials ZR KM E A4S -
Nonolithography equipment ZXRMEA% S > EM wave diffraction JEiRAZEST

ERIE A

This course is intended to equip students with theoretical and practical skills

in nanolithography for doing research and for patterning nanometer semiconductors
in massive and experimental quantities. A broader objective is to use high-
resolution imaging as a vehicle to train students on innovative thinking and
problem solving.

PRSI RN B RANRARME KM EREFIETSEMAR MR RIS » WEERZORMT BUR AT
HERARME AT ERNEENSE - EENENEHER ?*5( SBNTE - AIREERARRELAR
REE o

KRR

Nanolithography theory Z= K #2385 °
Nanolithography practice ZX K& FEF »
Nanolithography materials Z KR A4 ﬂ ’
Nanolithography systems Z5 K& 24

EM wave diffraction Y&RAEST

##1ZE "Optical Lithography; Here is Why” Burn J. Lin, SPIE Press 2021

2EE B "Principles of Optics” Born & Wolf, any edition

“Introduction to Microlithography” L.F. Thompson, C.G. Willson, and M.J. Bowden,
IACS Professional Reference Book, 1994

“Molecular theory of Lithography” Uzodinma Okoroanyanwu, SPIE Press 2015




This course is intended to equip students with theoretical and practical skills

in nanolithography for doing research and for patterning nanometer semiconductors
in massive and experimental quantities. A broader objective is to use high-
resolution imaging as a vehicle to train students on innovative thinking and
problem solving.

EFIREEE RN B ANRARME KM EREFIETSE AR MR RIS » hBERZORMT BUR AT
HERRME AT ERNEENSE - EENENRETRMEENTE » IIRELERAITEZ LAE

SHRRREE o

Technology and systems

1. Exposure systems

2. Processing systems

3. Imaging and resolution enhancement
4. Alignment and overlay

5. Metrics and metrology

6. Masks

7. Immersion lithography

8. EUV lithography

THEZ SBEROEE
R LB 2 E K Professionalism in the nanolithography
Bl ~ BEEEZE « MERREIBVEES] © Ability to innovate & solve problems

HBEELRM

| BitiREE - ZBEERRE > BRIEY

2. HBIE BB A EE S EH

3. 57275 % | BEERE LWRIEGND) > 7EE30% ~ HHFRE30% ~ IR E40%




R 25 NS R
1131 R 5401 9 1
Course Number 310CSR 540100 Credit Class Size 00

I s
Course Title
BXRTE
Course English [Introduction to Semiconductor Process
Title
E:R#Em  =EMEEAHUANG, CHIEN-CHAO)
Instructor more information
= . ERHE

Time Room

CHEM 111t 223

REEE  AETESMER - MERIEEZENHAESE

Please respect the intellectual property rights, do not use illegal copies of textbooks.

IR EHEZ AR
FRreRtE R = AR
BB ZIZDEES
Core capability to
be cultivated by
this course

Process integration is one of the most knowledge in CMOS devices towards smaller, faster and less expensive
fabrication. However, there are still many challenges in the novel application and fundamental understanding of the
device process with the associated key process modules. In this course, three directions are expected to: 1) To introduce
fundamental knowledge of major process modules & integration 2) To construct a comprehensive thinking model in
device integration 3) To build up the ability in analyzing CMOS device structure/process/integration

Course keywords:
= J't(photolithography), B Z!| (etching), B F i+ (ion implant), ZZ2&& (epitaxy), FERY (diffusion), &7k (Clean), ¥JIER
H87LF& (PVD), 162 RARIE (CVD), HIMIEZ2HHEE (CMP), 24FEH (thermal budget)

— ~ SRIEERAEA ¢

In this course, both experimental and theoretical contributions of CMOS process
technology & integration are included. Four major topics : 1) CMOS process
introduction; 2) CMOS key process module introduction; 3) Device
structure/integration introduction; 4) Future device technology development &
challenge introduction

— HEHI:

Classes will be taught with PowerPoint presentations, and the course materials
and supplementary teaching materials will be uploaded after the class

=~ REEZ:

1. Attendence: 10%

2. Homework: 30%

3. Mid.Exam. (8th week): 30%
4. Final Exam. (16th week): 30%

“ RIZN AR

Major topics to introduce process technology & integration in CMOS device:

1) CMOS process introduction: Overview the development history of

CMOS technology & process/integration application in CMOS device.

2) CMOS key process module introduction: Photo, etching, diffusion,

epitaxy, clean, CMP, PVD & CVD process module.

3) Device structure/integration introduction: front-end & middle-end &

backend process integration in planar/FinFET devices.

4) Device technology development & challenge Introduction: Highlight in

recently device technology development & challenge especially in FinFET/Nanosheet/




GAA device structure.

T RBERE > 2EEHHEMER :
HEIZE ¢ 1. S. Wolf, Silicon Processing for the VLSI Era, ISBN 0-9616721-3-7
volume 1) & ISBN 0-9616721-4-5 (volume 2)

. R BN H 2 EEE, (F=HR). 2014

78~ FRETRIIE Al EAFRA (Indicate which of the following options you use to
manage student use of the Al): ZNERTZ % Kz A (Not applicable)




R B9 NS R
9
Course Number 11410CHEM543000 Credit Class Size >

PIEE o main s

Course Title

BXRTE
Course English |Analytical techniques for Materials Chemistry
Title

EERHET  MEZKEE(YANG, CHIA-MIN)

Instructor more information

ERER porsrg ERAE oy 326

Time Room

REEE  AETESMER - MERIEEZENHAESE

Please respect the intellectual property rights, do not use illegal copies of textbooks.

m {EEREZEHH (70%)
expertise in chemistry (70%)
m N RIEARRRE R (20%)
R B s RES 2 English reading/listening/writing (20%)
FrigiesmEpnar | O BBEEKSE

1~ i LEE S communication skill and team work

Core capability to | B Bl 522/ IR/ FRE/FEMA (10%)

be cultivated by data retrieving, analysis, expression and application (10%)

this course = o
O BER IR RIRIE
experimental and instrumental operation

D BOREEMEMN

scientific logic analysis

The course offers introduction to the selected techniques of materials characterizations. The selected techniques include
IAuger electron spectroscopy, X-ray photoelectron spectroscopy, low energy electron diffraction, scanning probe
microscopy, powder X-ray diffraction, X-ray absorption spectroscopy, gas physisorption, scanning electron microscopy,
transmission electron microscopy, and energy-dispersive X-ray spectrometry.

Course keywords:
REOMELAMT (Surface analysis techniques) > X F#3R425Y (X-ray powder diffraction) > RESYIIRIRHM 747
(Gas physisorption analysis) > X JEIRUZFEEENMT (X-ray absorption spectroscopy) > & FREMEREIME R 2 MLl

(Electron microscopy and related techniques)

— ~ E*t25BH(Course Description)

General course information:

Course title/number: Analytical techniques in materials chemistry / CHEM5430
Time: R2ZR3R4

Location: {CZ28E 326 #=

Credit: 3

Instructor information:

Name: #%## (Chia-Min Yang)
Office: {6 8B 225A =

Ext: 31282

e-mail: cmyang@mx.nthu.edu.tw

Contents of the course:
1) Introduction to techniques for surface analysis




X-ray photoelectron spectroscopy (XPS), Auger electron spectroscopy (AES), low energy electron
diffraction (LEED), scanning probe microscopy (SPM)

2) X-ray diffraction (XRD)
Principles of X-ray crystallography, powder X-ray diffraction

3) X-ray absorption spectroscopy (XAS)
Principles of X-ray absorption spectroscopy, experimental methods and data analysis

4) Gas physisorption analysis
Fundamentals of physisorption, BET method, BJH method, t-plot analysis

5) Electron microscopies and related analytical techniques
Scanning electron microscopy (SEM), transmission electron microscopy (TEM), energy-dispersive X-
ray spectrometry (EDS)

— ~ $57E FBE (Text Books)
Not available.

W

N

EE%E(References)

General
D. Brandon and W. D. Kaplan, "Microstructural Characterization of Materials", 2nd ed., Wiley, 2008.

Surface analysis
J. C. Vickerman and I. S. Gilmore (eds.), "Surface Analysis-The Principal Techniques", 2nd ed., Wiley, 2009

X-ray diffraction

1. J. P. Glusker and K. N. Trueblood, "Crystal Structure Analysis-A Primer", 3rd ed., Oxford University
Press,

2010.

2. C. Giacovazzo, (ed.), "Fundamentals of Crystallography", Oxford University Press, 1992.

3. W. David et al. (eds.), "Structure Determination from Powder Diffraction Data", Oxford University Press,
2002.

X-ray absorption spectroscopy

1. B. K. Teo, "EXAFS: Basic Principles and Data Analysis", Springer-Verlag, 1986.

2. G. Bunker, “Introduction to XAFS: A Practical Guide to X-ray Absorption Fine Structure Spectroscopy”,
Cambridge University Press, 2010.

3.Y. Iwasawa et al. (eds.), “XAFS Techniques for Catalysts, Nanomaterials, and Surfaces”, Springer, 2017.

Gas physisorption
S. Lowell et al., “Characterization of Porous Solids and Powders: Surface Area, Pore Size and Density”,
Springer, 2004.

Electron microscopy

1. D. B. Williams and C. B. Carter, "Transmission Electron Microscopy — A Textbook for Materials Science",
2nd

ed., Springer, 2009.

2. C. B. Carter et al. (eds.), " Transmission Electron Microscopy: Diffraction, Imaging, and Spectrometry ",
Springer, 2016.

3. J. I. Goldstein et al., “Scanning Electron Microscopy and X-Ray Microanalysis”, 4th ed., Springer, 2017.

~ #E 75 (Teaching Method)
Lectures (PowerPoint)




F ~ FE2EE (Syllabus)

. Introduction to surface analysis, XPS, AES
. LEED, SPM

. Introduction to diffraction analysis

XRD

XAS

. Gas physisorption

. SEM, EDS

. TEM

7~ ~ B4 % 1% (Evaluation)
Midterm exam (40%)

Final exam (50%)

Term paper (10%)

+ ~ FRETFEIE Al EAREY (Indicate which of the following options you use to manage student use of the
Al)
Not applicable

N\~ AIEE Z BRI

Not available.




R 85 NS R
Course Number 11410NEMS350100 Credit Class Size p8

FXBIE ey 2z s

Course Title

B 5TE
Course English [Polymer Micro/Nano System Technology

Title
EER%EN (&2 (FU, CHIEN-CHUNG)

Instructor more information

EREE | swew LRAE

Time Room

DELTA&#&321

REEE  AETESMER - MERIEEZENHAESE

Please respect the intellectual property rights, do not use illegal copies of textbooks.

m SEEENINEENEEEE 20%)
Excellent foreign language skills and a global perspective (20%)

. " BERER T2EA SRR (20%)
IERBHEZR | Solid knowledge and sound skills of engineering (20%)

2 ] = A N
RIS » prARRERNRS EERGELNZRIAT 00
R FAAVE S Leadership skills in interdisciplinary integration, communication and coordination (20%)

Core capability to " —
be cultivated by | ® EMERESBIBE « IR REBNITIHS © 20%)

Independent thinking and the ability to innovate and implement new ideas in practice (20%)

 IEREREE  FEANRABEERERNEEAT 20%)
Abilities of self-learning and continuous innovation, and courageous and risk-taking leadership
(20%)

this course

KRB BLICGAKMBE RS, — P —PHESETHBRIES D FHEORINILEMN, 83 XOtMR KM (X-Ray
Lithography), & F R {#&/(E-beam Lithography), B+ 3R 5 (Ion-beam Lithography), &z FE T B F B Z(Reactive Ton
Etching), B #(Electroplating), B A1l (Molding), ¢ F & (Two-Photon Polymerization)% HiKiG L HEH E 5818
FATENEERERESH, :ER2EHLIGAT Y ERRFZMTAPIERH © This course guides students step-by-step
through the history of LIGA technology development, introducing various polymer micro- and nano-fabrication
techniques. These include: X-ray Lithography E-beam Lithography Ion-beam Lithography Reactive lon Etching
Electroplating Molding Two-Photon Polymerization At the end of the course, visits to the National Synchrotron
Radiation Research Center, national laboratories, or relevant enterprises will be arranged, allowing students to gain an
understanding of LIGA technology.

Course keywords:
XA MT(X-Ray Lithography), BF R M (E-beam Lithography), B F 3R (Ion-beam Lithography), &z FET Bk
T8 Z(Reactive lon Etching), E#(Electroplating), BB 21T (Molding), 7 F % & (Two-Photon Polymerization)

EAIREE,

EEZEAREGUEE L3, LB ERESEERIHE -

B E{REEP D EMIREE o

AT RARRIZETHISyllabus » :RIRAB ZRBIRAARNENAEREE o
A HA 2 (F A lineB¥4EAEECLASS, ;A E 1€ 2R 2 AR ARE4E -

Dear Students,

This semester's course will be conducted in person, and classes will be held in
Room 321 of the Delta Building. However, some flexibility for remote learning will
still be maintained.

Below is the tentative syllabus for this course. The content may be adjusted
dynamically based on actual circumstances. This semester, we will use a LINE

group




and EECLASS for communication. Please make sure to join the group if you are
enrolled in the course.

11310 NEMS5501 Z 73 FimoR Rl
11310 NEMS5501 Polymer Microsystems Technology

W567 @ BiE3213(ZE (Delta Building R321)

Week Date Syllabus 3242 ZHF

1 2025.09.03 Introduction and Opening the Course

2 2025.09.10 Orientation

3 2025.09.17 X-Ray Mask and X-Ray Lithography I
4 2025.09.24 X-Ray Mask and X-Ray Lithography II
52025.10.01 E-beam RIE and AMANDA

6 2025.10.08 X-Ray Mask and X-Ray Lithography 111
8 2025.10.15 Galvanic Deposition

9 2025.10.22 Plastic Molding in the LIGA Process

10 2025.10.29 Midterm Exam

11 2025.11.05 Variations and Additional Steps of the LIGA Process

122025.11.12 B#E

13 2025.11.19 Mid-Term Report I

14 2025.11.26 Mid-Term Report 1T

15 2025.12.03 Mid-Term Report I1I

16 2025.12.10 Company/National Lab Visiting
17 2025.12.17 Final Exam

Grading: (based on the ranking in the class)
Mid-Term Exam: 25%

Mid-Term Report: 25%

Final Exam: 20%

'Weekly reports and class participation: 30%

Textbook: Microsystem Technology, W. Menz, J. Mohr, O. Paul, Wiley-VCH Ch.7~Ch.10

Mid-Term Report/Supplementary Material:

LIGA and it Applications, Brand etc., Wiley-VCH Ch.§8-Ch.19 °
Optical Lithography, Here is Why, by Burn Lin, SPIE Ch.3-Ch.8

RERFEEANMERIAL © This course prohibits the use of AL




R 25 NS R
1131 R 52
Course Number 310CSR 520300 Credit Class Size P>

FXBIE ey

Course Title

BXRTE
Course English [[ntroduction to Semiconductor Memories
Title

E5R#EM  BFE(DE SOURAV)
Instructor more information

EEBBE ey rREE

fo =
Time Room  [CENIIAR=LRB

REEE  AETESMER - MERIEEZENHAESE

Please respect the intellectual property rights, do not use illegal copies of textbooks.

IR EHEZ AR
FRreRtE R = AR
BB ZIZDEES
Core capability to
be cultivated by
this course

This course provides an in-depth understanding of semiconductor memory technologies, focusing on current industry
scaling trends and state-of-the-art technologies. The topics covered include SRAM, DRAM, and Flash bit-cell
architectures, along with memory array design. The first section of the course delves into the common semiconductor
memory technologies, while the second section explores innovative memory technology applications for machine/deep
learning and upcoming memory candidates that have the potential to reshape the memory hierarchy. The course is
designed for graduate students in electrical and computer engineering programs, as well as professionals and researchers
in the semiconductor and microelectronics industries.

Course keywords:
semiconductor memory, Static random access memory, dynamic random access memory, ferroelectric memory, Flash
memory, resistive memory

Sylllabus:

‘Week 1 (9/5/2024) Introduction and Review of Semiconductor Device Physics
Week 2 (9/12/2024) Review of Semiconductor Device Physics
'Week 3 (9/19/2024) MOS Capacitor

Week 4 (9/26/2024) MOSFETs

Week 6 (10/3/2024) SRAM and DRAM

'Week 7 (10/17/2024) SRAM and DRAM Circuit Design
'Week 8 (10/24/2024) 1st-term Examination

'Week 9 (10/31/2024) Flash Memory

Week 10 (11/7/2024) Flash Memory

Week 11 (11/14/2024) Memory Array Design

Week 12 (11/21/2024) Emerging Non-Volatile Memories
Week 13 (11/28/2024) Emerging Non-Volatile Memories-II
Week 14 (12/5/2024) Emerging topics

Week 14 (12/12/2024) Presentation

Week 16 (12/16/2024) Final Exam

Type of Evaluation % Contribution in Grade

Final Presentation 30
1st-term examination 30
Final Examination 40

Reference book:
1. Class room lectures and notes
2. Nonvolatile semiconductor memory technology : a comprehensive guide to




understanding and to using NVSM devices

Brown, William D., 1943-; Brewer, Joe (Joe E.) 1998.

3. Low Power and Reliable SRAM Memory Cell and Array Design

Ishibashi, Koichiro ; Osada, Kenichi; Osada, Kenichi ; Ishibashi, Koichiro ;
Osada, Kenichi ; Ishibashi, Koichiro

Springer series in advanced microelectronics, 2011, Vol.31

4. Charge-Trapping Non-Volatile Memories : Volume 2--Emerging Materials and
Structures.

Dimitrakis, Panagiotis; Dimitrakis, Panagiotis

Use of Al for assignment and examinations are strictly prohibited




R 25 NS R
1141 R 5101 9 1
Course Number 0CSR 510100 Credit Class Size 00

FXEIE  yme

Course Title

BXRTE
Course English [Introduction to Semiconductor Device
Title

EER#ET  PREETC(CHANG CHIEN-YUAN)
Instructor more information

LREE gy EREZE bvom 104

Time Room

REEE  AETESMER - MERIEEZENHAESE

Please respect the intellectual property rights, do not use illegal copies of textbooks.

IR EHEZ R
FRreRtE R = AR
BB ZIZDEES
Core capability to
be cultivated by
this course

'Welcome to solid-state physics! This lecture will build the basic understanding of physics at the undergraduate level of
students from various background. In order to prepare everyone for this topic, the lecture will cover the following
elements in solid-state. 1. Chemistry (needed in this lecture) 2. Quantum physics (needed in this lecture) 3. Statistical
mechanics (needed in this lecture) 4. Electrical properties — Electron in solid 5. Heat properties — Phonons in solid 6.
Optical properties — band structures and excitons 7. Crystal structures 8. Semiconductor devices 9. Magnetic properties
of atoms Three textbooks are recommended for this lecture. I will opt a modern aspect and interpretation of solid-state
physics, The Oxford solid state basics, as the main materials. Simon, Steven H. The Oxford solid state basics. OUP
Oxford, 2013. Kittel, Charles. Introduction to solid state physics. Ashcroft, N. W., and N. D. Mermin. "Solid State
Physics"

Course keywords:
solid-state physics, chemistry and crystal, fundamental properties and their elements, quantum physics and statistical

mechanics

T%F T %18 Al EARE! (Indicate which of the following options you use to manage
student use of the Al):

B4R > sAEERUNRIME R E R TVAIR ZRFZ2ZEH Conditionally open; please specify how
generative Al will be used in course output

See the condition here: https://curricul.site.nthu.edu.tw/p/404-1208-248357.php?

Lang=zh-tw




R 25 NS R
1141 R
Course Number 0CSR 510200 Credit Class Size PO

PRI =g

Course Title
B 5TE
Course English 3D and Next Generation Memories
Title
E55%ET  |HHEE—BB(RIICHIRO SHIROTA)

Instructor more information

EEBE e rRBE

Time Room

REEE  AETESMER - MERIEEZENHAESE

Please respect the intellectual property rights, do not use illegal copies of textbooks.

IR EHEZ R
FRreRtE R = AR
BB ZIZDEES
Core capability to
be cultivated by
this course

GEN 42 = 734

Semiconductor memories have mainly two uses. One is for the calculation by exchanging data with CPU, MPU, etc. The
other is for the mass data storage. Demands for these two applications are following; 1. Low cost and high density, 2.
High speed operation, 3. Low power consumption. Therefore, memory technologies have been evolved more than 30
years to satisfy these demands. Moreover, new application has been noticed for the calculation of Al which is called in
memory computing. Furthermore, memory device and CPU/MPU are connected chip-to-chip and can get quite high
speed and low power operation. I will introduce these new technologies. Following are the outline of the course. Part1:
Basic concept of memories: 1. DRAM & SARM 2.NOR-Flash 3. NAND-Flash Part2: 1. 3D NAND, In-memory
computing for Al calculation.

Course keywords:
Semiconductor memory, Flash memory, DRAM, 3 dimensional memory cell, In memory computing

Syllabus of the course (3D and Next Generation Memories), from 2025 September
Recent semiconductor memory technologies are studied in this course.

Part 1. Fundamentals of MOSFET operation

Part 2. Basic concept of the semiconductor memories

1. DRAM & SARM

2. NOR-Flash

3. NAND-Flash

Part 3. Recent device and process technologies of 3D NAND-Flash
Part 4. Reliability of NAND-Flash

Part 5. Issues of recent DRAM and its new technology trend

Part 6. New application of memory: in memory computing for Al

Soring method:
attendance score = 20%, middle quiz = 40%, final quiz = 40%.




AR 25 N BRI
11410PHY
Course Number 0 5573000 Credit Class Size
XA |y e
Course Title FRRYE
e ]
Course English Semiconductor Physics
Title
1ER%ET  ARIZIE(HSU, WEI-TING)
Instructor more information
EREHE  pspers EaRA=E PHYS#1 019
Time Room

REEE  AETESMER - MERIEEZENHAESE

Please respect the intellectual property rights, do not use illegal copies of textbooks.

m RS IR (25%)

Middle level knowledge of physics (25%)
0 BEX2BEEN

Independent learning capability
» WIIEAERAEERAEST (20%)

Mathematical capability in physics (20%)

D ¥IEEERAE

Core capability to
be cultivated by

HRIEYHES % Capability of physics experiment
Fri2igia=pnar | RS EYIERIH (35%)
EEZZOEESD Knowledge about physics research (35%)

O SHEIAEMRIRE

capability of planning and organization

this course | w espemrzmEnE; (20%)
High level knowledge of physics (20%)
O B IR AN
Basic level knowledge of physics
O BBRER
Capability of communication and expression
o BB A TRRE

Capability of collaboration

KRERIEZ BREREEESSINF ERME T 2 BARRIE - FERTH 2RSS UKL ERERAEMNN
#B o This course will introduce the fundamental principles of modern semiconductor materials and devices, the design
concepts of semiconductor devices, and the application examples of semiconductor devices.

Course keywords:

SRR 45 8 (crystal structure), BFBER 4518 (electronic band structure), £ F /2 (carrier concentration), B K SERE
Fermi energy level), F-#1/3E &8 F18%i(equilibrium/non-equilibrium carrier transport), p-n{ZE/_1BES(p-n
junction/diode), & $%H (heterojunction)

BE LEZIEZE(pdl) (EEEERBER > FRAE  BEE<BEER>HBETER)

If you can not read pdf file directly, please click the right button of the mouse to save the file first



https://www.ccxp.nthu.edu.tw/ccxp/INQUIRE/JH/output/6_6.1_6.1.12/11410PHYS573000.pdf?ACIXSTORE=qpom95o4k47g1hgb93n89mk7b1

B TE:]

Semiconductor Physics

Instructor

(P K F)

Course description

(A2l )

Prerequisites

(% 8 i2)
Textbook
(F#%E)

References

(3% 3% #)

Course Grading
(FA=A)

Wei-Ting Hsu, Ph.D.

The course objective is to internalize the fundamental physical
principles of semiconductor materials. This course is suitable for
undergraduate/graduate students majoring in science and engineering.
Course topics include semiconductor crystal structure, electronic band
structure, carrier concentration/Fermi energy level, equilibrium/non-
equilibrium carrier transport properties, and p-n junction/diode.

Calculus (I) (IT), General Physics (I) (II), Modern Physics (I)

Donald A. Neamen,
Semiconductor Physics and Devices: Basic Principles, 4/e,
McGraw-Hill, 2012.

Simon M. Sze, Yiming Li, and Kwok K. Ng,
Physics of Semiconductor Devices, 4/e, Wiley, 2021.

Lecture notes and slides

30% Homework
35% Midterm exam
35% Final exam



Class Schedule (X £ i R)

Week Lecture Topic Outline Grading
1 Ch. 1. The Crystal Structure Course Overview, Primitive and Unit Cell,
of Solids Crystal Structures, and Miller Indices
2 The Diamond Structure, Atomic Bonding, HW-1
Imperfections, and Impurities in Solids
3 Ch. 2. Introduction to Selected Topics from Quantum Mechanics, HW-2
Quantum Mechanics Schrodinger’s wave equation, the Infinite
Potential Well, the Step Potential Function, the
Potential Barrier and Tunneling, and the One-
Electron Atom
4 Ch. 3. Introduction to the Formation of Energy Bands, the Kronig-Penney
Quantum Theory of Solids Model, and the k-Space Diagram
5 The Energy Band, the Bond Model, Effective
Mass, Hole, and the band structure of Si and
GaAs
6 Density of States Function, and Fermi-Dirac HW-3
distribution
7 Ch. 4. The Semiconductor in  Equilibrium Distribution of Electrons and Holes,
Equilibrium the Intrinsic Carrier Concentration, and Fermi-
Level Position
8 The Extrinsic Semiconductor, Donor and HW-4
Acceptor, Fermi Level and Carrier
Concentration, Temperature effect
9 Review of Ch. 1-4 Midterm exam
10  Ch. 5. Carrier Transport Carrier Drift and Mobility, Conductivity,
Phenomena Impurity Concentration, and Temperature Effect
11 Carrier Diffusion, the Einstein Relation, and the HW-5
Hall effect
12 Ch. 6. Nonequilibrium Excess Carrier Generation and Recombination,
Carriers in Semiconductors Continuity Equation, Diffusion Equation
13 Ambipolar Transport, Quasi-Fermi Energy HW-6
Levels, Excess Carrier Lifetime
14  Ch. 7. The pn Junction Basic Structure, Built-in Potential Barrier, Space
Charge Region, and Reverse Applied Bias
15 Junction Breakdown, and Nonuniformly Doped HW-7
Junctions
16  Review of Ch. 5-7 Final exam
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Time Room

REEE  AETESMER - MERIEEZENHAESE

Please respect the intellectual property rights, do not use illegal copies of textbooks.

IERIEHEZ AR
FRERIZ AR EPTAR
BERZIZOEESD
Core capability to
be cultivated by
this course

m SEMNHE YR  RIBRTRENH > URBEERNEES (40%)

An ability to learn profound knowledge in mathematics, physics, and science, as well as to apply
the knowledge to engineering problems. (40%)

REtEEE - WITER « DBIRRERRERIEE

An ability to design and conduct experiments, as well as to analyze data and interpret results.
HITER T EEBHIEER « 7% ~ Biii R EABEREER TR Z S (30%)

An ability to use the theories, methods, techniques, and related necessary software/hardware tools
for electrical engineering practice. (30%)

BRIRERW « R THRREZRFTEES (15%)

An ability to design electrical engineering systems, modules, components, or processes. (15%)
EFXE1EPRE 2 /B4 ~ BB R IHAEE

An ability to organize, communicate, and coordinate for teamwork.

EERE ~ DA R EIEFEEREES] (10%)

An ability to identify, analyze, and solve problems. (10%)

EERKEE > I 7HRRRE A - IRIR - HEREKEITE (5%)

An awareness of the technology trends and their human/environmental/social/global impacts.
(5%)

D BB GERTEET

An understanding of professional ethics and social responsibilities.

0 BERINEIEI R AR ¥ B BIRVAE
An ability to communicate professionally in a foreign language, as well as to interact with
international communities.
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The course of “Introduction to Solid-State Electronic Devices” ([&
for undergraduate students who wish to acquire a comprehensive understanding of semiconductor devices, including
their fundamental characteristics, mechanisms, and underlying physics. In this course, students will learn important
topics such as semiconductor band theory, carrier transportation and conduction in semiconductors, semiconductor
junctions and diodes, MOS capacitors, MOSFETs, bipolar transistors, as well as VLSI memory technologies.
/Additionally, this course incorporates contemporary knowledge on semiconductor devices, ensuring students stay up to
date with the latest advancements in the semiconductor field.

REEBF o ®) is a foundational course designed

Course keywords:

BE LEZIEZE(pdl) (EEEERMR

If you can not read pdf file directly, please click the right button of the mouse to save the file first

Semiconductor, Device Physics, VLSI, Integrated Circuit, Transistor, Diode, BJT, MOSFET
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EE 335000 B RE&E F oS
Introduction to Solid-State Electronic Devices

® Professor: TR525% Chrong Jung Lin
® TA: TBD

® Course Handouts (download from EEClass)

® Reference Books

1. Fundamentals of Semiconductor Devices (Ref.) PHYSICS OF
SEMICONDUCTOR

DEVICES

by Betty L. Anderson & Richard L. Anderson

2. Physics of Semiconductor Devices (Ref.)

by Simon M. Sze, Yiming Li, Kwok K. N

Introduction to Solid-State Electronic Devices

B85 E FoofhEs 2 Prof. Chrong Jung Lin
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Course Description

The course of “Introduction to Solid-State Electronic Devices” ([& 8 &+ 70 {4 & /)
is a foundational course designed for undergraduate students who wish to acquire a
comprehensive understanding of semiconductor devices, including their fundamental
characteristics, mechanisms, and underlying physics. In this course, students will learn
important topics such as semiconductor band theory, carrier transportation and
conduction in semiconductors, semiconductor junctions and diodes, MOS capacitors,
MOSFETs, bipolar transistors, as well as VLSI memory technologies. Additionally, this
course incorporates contemporary knowledge on semiconductor devices, ensuring

students stay up to date with the latest advancements in the semiconductor field.

Introduction to Solid-State Electronic Devices
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Semiconductor Applications

Semiconductor Fabless Market Size BeEveEe
by Type, 2020 - 2030 (USD Billion) GRAND VIEW RESEARCH

-
-
e o 9.9%

=
- - Global Market CAGR,
I I I I 2024 - 2030

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

@ Application Specific Integrated Circuits (ASIC) Graphic Processing Units (GPUs)
Power Management ICs (PMICs) Microcontrollers (MCUSs)
® Digjital Signal Processors (DSP) @ Others

- WUOREMCVICWIEAS R, COM. .,
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Semiconductor Products

Types of Semiconductors

(\ Digi‘l‘(

Memory

DRAM NAND

Non-Volatile
Memory, slower &
stores less data

Volatile Memory -
loses data when
power is lost.

Processes many

and AIL.
ASICs

Designed for one
specific purpose. AT
accelerators for
example.

Combines other chips onto one chip.
Include memory, CPU, and GPU

Introduction to Solid-State Electronic Devices

EREE o Eim

tasks at once. Well
suited for graphics

L L
o : Processes continuous signals
i BE
z such as temperature,
(intel i i sound, and light
® o :

Signal Power

Gives directions to

other chips.
Processes one task =
at a time. ; 'Y T |
FPGAs Measure real-world Manages power in

signals & convert to  glectronics: switches,
data battery managment

Can be
reprogrammed after
manufacturing.

Prof. Chrong Jung Lin
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Semiconductor Processes

1) Wafer preparation 2) Pattern fransfer
o ——otce
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wafer ingot walfer sliced, polished and cleaned lithography

4) Deposition

—
-=¥!- | sputterng
| Target
7 s

3) Doping

| Sputtered
Target

Bputtering -
T e

e | e — |
L — ]
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physical vapor deposition

doped diagram |

5) Etching

AT\ 2

diced wafer microchip
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Technology Growth by Density

Broadwe i-E
Core 7 3.28
1178

Pentiumd

42M

Pentium
3. 1M
80286
134K

b)
DRAM

TTL Quad Gate Density (bit)
16

S| Transistor

64Kb  16MbB4Mb JH 256Mb Density (bit)

1960 1970 1980 1990 2000 2010 2020
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Expertise in Semiconductor

Manufacturing Technology Chip Design

| S
< 2

(a) GAANW-FET (b) FinFET

Solid-State Electronic Devices VLSI Circuit / Memory Design

(EIR&EEF T (B ERSELET)
. VLSI Device Digital/Analog Designs
Process and Module (B ERSTH) (B AL B EET)
(Lithography/Etch/Thin Film/Diffusion)
(B2 B EE + T 42)
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Semiconductor Industry Chain

F_______________

[ TSMC’s Technology Development

Designing Manufacturing Packaging/Assembly
Apple Intel Intel Samsung Amkar JCET
Huawei Qualcomm Micron  TSMC ASE  King Yuan

|PDK Device and Process Cowosl!
ARM Xilinx Air Liquide ASML Lam Research ~ SUMCO
Synopsys  Zuken Applied Materials KMG Chemicals ~ Naura  Tokyo Electron
Suppliers

Sources: Semiconductor Industry Association; The Economist

The Economist
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Syllabus in 16 Weeks

e Chap 1: Semiconductor Energy States and Bands (2W)
e Chap 2: Carrier Concentration and Conduction (2W)

e Chap 3: Semiconductor Junction and Diodes (2W)

e Midterm Exam (1W)

e Chap 4: MOS Capacitor and Planar MOSFET (2W)

e Chap 5: SOI and 3D MOSFET Technologies (2W)

e Chap 6: Bipolar Junction Transistor BJT (2W)

e Chap 7: Semiconductor Memory (2W / Optional)

e Final Exam (1W)

Introduction to Solid-State Electronic Devices

B85 E oo ihEsR 10 Prof. Chrong Jung Lin
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Grading Policy
e 40% for Quiz and Attendance

e 30% for Midterm Exam

e 30% for Final Exam

Introduction to Solid-State Electronic Devices
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Course Title

B 5TE
Course English Quantum Mechanics
Title

EF%ET  HESE(HORNG, SHENG-FU)
Instructor more information

ERBE |obero rRBE

! DELTA 83208
Time Room

REEE  AETESMER - MERIEEZENHAESE

Please respect the intellectual property rights, do not use illegal copies of textbooks.

m SERVEENH 0 UKRIZEMRBEES © (35%)
Comprehensive professional knowledge and the ability of utilizing the knowledge in engineering.
(35%)

D RETEER - PUTER - DEIE « LUREBRMRERAIEES -
The capability of designing experiments, executing experiments, analyzing data, and making
conclusions.

0 RERAITEEMAR ~ EEHERZHAETST ©
The capability of planning research projects, conducting research projects, and writing
professional papers.

" HNTEFIIREHBATZIER « 775  &KilT « UWRBERRERRTARZAES ° (35%)
The theories, methods, techniques, and software and hardware tools needed for practicing
electronics engineering. (35%)

HAESHEy R | O BT TRAM 840  TARMIZ RIS o
B2 38 R AR The capability of designing electronic systems, modules, devices, and/or manufacturing
Br3% > 1 N AET processes. . ; . )
Core capabi]ity to o ﬁ%é«ﬁﬁﬁ%Z%ﬂ%& N 7%@ N Tﬁﬁ%&%?ﬁiﬁgémﬂgﬁ °
be cultivated by The skill for teamwork: organization, communication, negotiation and cross-discipline
this course integration.
m RIS - DITRERE « UKRRIHEE « BWILARREIRERIEES] © (30%)
The capability of finding problems, analyzing problems, independently solving problems, and
creative thinking. (30%)

0 BEERE > TEERREFRIRREFRES
Being equipped with international scope and the ability to timely grasp the trend of international
electronic technologies and industry.

O ABEEBRERTEET

Full comprehension and execution of professional ethics and social responsibility.

0 AHEEEERREZAE

Leadership in management and planning.

D REBEHRBEERRZAE

The capability of life-long self-learning and improvement.

This is a course on elementary quantum mechanics aiming for applications in solid-state physics and optoelectronic
devices. Emphasis is put on the basic concepts and techniques, which will be applicable to solid state physics and optical
properties of semiconductors. A heuristic approach will be adopted to introduce the basic concepts as well as the
Schrodinger equation. We will soon move to one-dimensional bound state problems. Extended state problems in one
dimension will also be explored. Algebraic operator method for simple harmonic oscillator will be covered. We will then
introduce angular momentum operators and central potential problems. Time-independent and time- dependent
perturbation methods will be included. Finally, identical particles with focus on equilibrium statistics will be introduced
if time allows.




Course keywords:
quantum mechanics, solid state physics, optical properties, semiconductor, optoelectronic devices

— ~ 57125 BA(Course Description)

This is a course on elementary quantum mechanics aiming for applications in
solid-state physics and optoelectronic devices. Emphasis is put on the basic
concepts and techniques, which will be applicable to solid state physics and
optical properties of semiconductors. A heuristic approach will be adopted to
introduce the basic concepts as well as the Schrodinger equation. We will soon
move to one-dimensional bound state problems. Extended state problems in one
dimension will also be explored. Algebraic operator method for simple harmonic
oscillator will be covered. We will then introduce angular momentum operators and
central potential problems. Time-independent and time-dependent perturbation
methods will be included. Finally, identical particles with focus on equilibrium
statistics will be introduced if time allows.

— ~ $57E I (Text Books)
Handouts and homeworks will be distributed.

= ~ 2FEFE (References)

1. A. Yariv, An introduction to theory and applications of quantum mechanics, New
'York

: Wiley.

2. A.P. French and Edwin F. Taylor, An Introduction to Quantum Physics, Norton &
Company

3. David A.B. Miller, Quantum Mechanics for Scientists and Engineers, Cambridge
University Press

4. Bernard Diu, Franck Laloe, and Claude Cohen-Tannoudji, Quantum Mechanics, Vol.
1 and

2, New York: Wiley.

~ BB 757 (Teaching Method)
Lecturing with powerpoints.

F ~ HEPREE (Syllabus)

. history and dilemmas of classical physics in early nineteen century
. a heuristic introduction to basic concepts in quantum physics

. one-dimensional bound state problems

. algebraic method for simple harmonic oscillator

. one-dimensional scattering problems

. angular momentum operator and central potential problems

. time-independent perturbation method

. time-dependent perturbation method and Fermi golden rule

. identical particles and Boson/Fermion statistics

O 0 93 O KW=~

7~ ~ B4 E 1% (Evaluation)

1. YEE(30%) 2. &5 (2x35%)




