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Analog semiconductors are widely used in sensor signal processing, battery management, and other applications.
The purpose of this lecture, “Sensing Sytem Device” is to understand the characteristics and design methods of basic analog
semiconductor circuits, which are essential in modern electronic devices.
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1) Background knowledge of analog circuits and Operation of MOS FET —1-
2) Operation of MOS FET —-2-

3) Basics of MOS amplifier circuits

4) Frequency response of amplifier circuits
5) Noise in analog circuits

6) Differential Amplifiers

7) Bias circuits and voltage references —1—
8) Bias circuits and voltage references —2—
9) Comparators

10) Element Matching and Layout

11) Feedback circuits

12) Operational amplifires —Basics1—

13) Operational amplifires —~Basics 2—

14) Operational amplifires ~Advanced1-
15) Operational amplifires ~Advanced 2—
16)  Examination
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Review each lecture and prepare for the next class with reference to the textbook.
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Papers(resume) will be distributed.

SEE =4 ANALOG INTEEGRATED CIRCUIT DESIGN ISBN
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Understand the characteristics of basic elemental circuits and design methods of analog integrated cirsuits
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This course is evaluated by a final examination.
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Graduate Program of Electrical and Electronic Information Engineering for Master’'s Degree</b>

(C) Practical and creative skills to utilize advanced knowledge in an integrated manner

Have advanced knowledge about electrical and electronic information engineering as well as related fields; have the practical
and creative skills to utilize such knowledge for problem solving in an integrated manner

(C1) Have the skills to voluntarily acquire theories and applied knowledge about electrical and electronic information
engineering as well as related fields; to utilize such knowledge in an integrated manner

(C2) Have the skills to learn, by experience, methodologies for research and development through integrating extensive
knowledge about electrical and electronic information engineering as well as related fields; to make plans for research and
development and put them into practice; and to create new technologies to solve problems
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In order to carry out social change due to changes in the environment, economy, technological situation, etc., and to respond
to this, create industrial technology, develop public society and advance science, new technologies and sciences that combine
advanced knowledge and experience in each specialized field is required.

The purpose of this lecture is to learn the necessary knowledge such as the necessity and difficulty of interdisciplinary
integration and how to proceed with research and development through lectures on some advanced technologies and practical
training and exercises of related technologies.
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1. Individual guidance

The instructor and advisor will conduct interviews with the trainees to understand the situation of each student, and at the
same time, the trainees will be aware of their weaknesses. Then, by combining lectures, intensive training, and practical
training, a curriculum optimal for the individual learner is selected and set from the following contents.

1) CMOS LSI technology: (i ) Basics of process technology, ( ii ) Basics of layout design technology, (iii) Package technology
(Ii) Basics of process technology: As an introduction to LSI process technology, first watch the DVD that summarizes the
entire LSI wafer processing process, starting with the creation of Si crystals, and grasp the image of the CMOS process.
Next, I will introduce the elemental technologies of the process, the CMOS process technology, the basic flow of the CMOS
process, and examples of advanced process technology. The purpose of this study is to learn the basics of CMOS process
technology.

(ii) Basics of layout design technology: Learn the relationship between the CMOS LSI manufacturing process and the planar
structure and vertical structure of the chip, and understand the design rules that are the design rules for mass patterns.
Practice drawing of layout pattern to deepen understanding.

It becomes possible to design a transistor—level layout of a basic circuit and a chip layout of a simple circuit.

(iii) Package technology: Starting with the basics of LSI package design, an overview of the history of package development,
assembling processes, element technologies, materials, thermal resistance, electrical characteristics, characteristic variations
due to stress, and reliability will be provided. Finally, the latest system—mounted package is explained. Work on simple
exercises to deepen your understanding.

2) Sensing system related technologies (lectures and demonstrations) I: (i ) Introduction, (ii ) Sensor network

(i) Introduction (lecture): Provides introductory lectures on sensing system examples, embedded system technology for
building sensing systems, and sensor network technology. Taking a CD and a digital camera as examples, the basic technology
of sensing processing, audio processing technology, and image processing technology are explained. It also describes
hardware, software, and wireless sensor network technologies for embedded systems. As for wireless sensor networks,
ZigBee will be introduced as an example. The aim of this lecture is to deepen understanding and spread knowledge about the
basics of the sensing system.

(i) Sensor network edition (lectures and demonstrations): Lectures and demonstrations covering the entire spectrum from
the basics of sensor networks to sensor network design based on the requirements of the application side and installation
environment, and energy harvesting technologies, provide network lectures and demonstrations. The aim is to deepen the
understanding and spread the knowledge about the basic items of the sensing system from the viewpoint.

3) Sensing system related technology I: Software (practice)

Learn the software construction technology required to build a sensing system through practical training in program
production using C and assembler languages. Learn the basics for embedded software development by experiencing a series
of processes from coding a task program to running it on a CPU board. As a result, it becomes possible to understand a
series of flows of creating the embedded software, and it is possible to operate a program created by the user on a
commercially available or self-made CPU board.

4) Basics of microelectronic integrated circuit design II
Beginning with the history of microelectronic integrated circuits, we will focus on semiconductor devices, basic digital circuits,




and the currently popular CMOS digital circuits. Students become accustomed to design techniques through the use of CAD
in class. The aim is to deepen the understanding of the circuit through quizzes and class projects.

This course will give you a broader understanding if you take this course together with “Basics of Microelectronics Integrated
Circuit Design 11”.

5) Basics of microelectronic integrated circuit design

Begins with an introduction of mixed analog / digital integrated circuits, and then focuses on topics such as device models,
basic amplifier circuits, and commonly used operational amplifier circuits. Students become accustomed to design techniques
through the use of CAD in class. The aim is to deepen the understanding of the circuit through quizzes and class projects.
This course will give you a broader understanding if you take this course together with “Basics of Microelectronics Integrated
Circuit Design 1”.

6) Basics and practical training of intelligent sensors 2-day intensive course (up to 9 people for the convenience of the
laboratory)

Day 1: Using an example of an intelligent sensor chip born from the fusion of integrated circuit technology and biochemistry,
introduces the background to the fusion of different fields and the history of research and development. Understand the
principle and structure. In addition, through these, learn the knowledge necessary for “sensing architects”, such as the
necessity and difficulty of interdisciplinary integration and how to proceed with research.

Day 2: Integrated circuit manufacturing process training is conducted at our LSI factory to deepen understanding of integrated
circuit structure and manufacturing methods, and to examine the possibility of integration between “integrated circuit
technology” and “own field”. Make up.

['If there will be any changes regarding Toyohashi University of Technology Activity Restrictions Level for Preventing the
Spread of Corona virus, the course content and evaluation of achievement are subject to change. (If there is any changes
about a class schedule, I will inform you on Google Classroom, Moodle, or KYOMU JOHO SYSTEM.)J (IR, fXHYIZLLT
XEERH.

['In case of any changes to the course content and evaluation of achievement or the class format, it will be informed via
Google Classroom or KYOMU JOHO SYSTEM. ]
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Review each lecture and prepare for the next class with reference to the textbook.
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In order to break away from the traditional style of researchers who are confined to specialized fields and to act as a leader
in a broader society, actively learn advanced technologies in different fields, and cultivate interdisciplinary ability to open up
new fields by incorporating them. To acquire the basics of becoming a human resource who can contribute and contribute
as a leader in technology development in fields that have not existed before.
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Select four or more from the lectures and practical training set above, and evaluate them by submitting reports related to
each lecture.

S: 90 points or more,

A: 80 points or more,

B: 70 points or more,

C: 60 points or more
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(C1) Have the skills to voluntarily acquire theories and applied knowledge about electrical and electronic information
engineering as well as related fields; to utilize such knowledge in an integrated manner

(C2) Have the skills to learn, by experience, methodologies for research and development through integrating extensive
knowledge about electrical and electronic information engineering as well as related fields; to make plans for research and
development and put them into practice; and to create new technologies to solve problems
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In order to carry out social change due to changes in the environment, economy, technological situation, etc., and to respond
to this, create industrial technology, develop public society and advance science, new technologies and sciences that combine
advanced knowledge and experience in each specialized field is required.

The purpose of this lecture is to learn the necessary knowledge such as the necessity and difficulty of interdisciplinary
integration and how to proceed with research and development through lectures on some advanced technologies and practical
training and exercises of related technologies.
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F20 B £RABMETOLRETEARF LSI TIHTITL, £EERESCEERKICETIERERSD, [E£BERER
BAMIETEL0EMS T I EOMAE DRI ERETT ORMEEY LI1FD,

MBERNBRBSIUBRBOIEECERNELIGEELHYET,

MIBEEHPENLTEIZIESE A (X, GoogleClassroom F1-IEHIFER AT LEIYBEHLET, J

1. Individual guidance

The instructor and advisor will conduct interviews with the trainees to understand the situation of each student, and at the
same time, the trainees will be aware of their weaknesses. Then, by combining lectures, intensive training, and practical
training, a curriculum optimal for the individual learner is selected and set from the following contents.

1) CMOS LSI technology: (i ) Basics of process technology, ( ii ) Basics of layout design technology, (iii) Package technology
(Ii) Basics of process technology: As an introduction to LSI process technology, first watch the DVD that summarizes the
entire LSI wafer processing process, starting with the creation of Si crystals, and grasp the image of the CMOS process.
Next, I will introduce the elemental technologies of the process, the CMOS process technology, the basic flow of the CMOS
process, and examples of advanced process technology. The purpose of this study is to learn the basics of CMOS process
technology.

(ii) Basics of layout design technology: Learn the relationship between the CMOS LSI manufacturing process and the planar
structure and vertical structure of the chip, and understand the design rules that are the design rules for mass patterns.
Practice drawing of layout pattern to deepen understanding.

It becomes possible to design a transistor—level layout of a basic circuit and a chip layout of a simple circuit.

(iii) Package technology: Starting with the basics of LSI package design, an overview of the history of package development,
assembling processes, element technologies, materials, thermal resistance, electrical characteristics, characteristic variations
due to stress, and reliability will be provided. Finally, the latest system—mounted package is explained. Work on simple
exercises to deepen your understanding.

2) Sensing system related technologies (lectures and demonstrations) I: (i ) Introduction, (ii ) Sensor network

(i) Introduction (lecture): Provides introductory lectures on sensing system examples, embedded system technology for
building sensing systems, and sensor network technology. Taking a CD and a digital camera as examples, the basic technology
of sensing processing, audio processing technology, and image processing technology are explained. It also describes
hardware, software, and wireless sensor network technologies for embedded systems. As for wireless sensor networks,
ZigBee will be introduced as an example. The aim of this lecture is to deepen understanding and spread knowledge about the
basics of the sensing system.

(i) Sensor network edition (lectures and demonstrations): Lectures and demonstrations covering the entire spectrum from
the basics of sensor networks to sensor network design based on the requirements of the application side and installation
environment, and energy harvesting technologies, provide network lectures and demonstrations. The aim is to deepen the
understanding and spread the knowledge about the basic items of the sensing system from the viewpoint.

3) Sensing system related technology I: Software (practice)

Learn the software construction technology required to build a sensing system through practical training in program
production using C and assembler languages. Learn the basics for embedded software development by experiencing a series
of processes from coding a task program to running it on a CPU board. As a result, it becomes possible to understand a
series of flows of creating the embedded software, and it is possible to operate a program created by the user on a
commercially available or self-made CPU board.

4) Basics of microelectronic integrated circuit design II
Beginning with the history of microelectronic integrated circuits, we will focus on semiconductor devices, basic digital circuits,
and the currently popular CMOS digital circuits. Students become accustomed to design techniques through the use of CAD
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in class. The aim is to deepen the understanding of the circuit through quizzes and class projects.
This course will give you a broader understanding if you take this course together with “Basics of Microelectronics Integrated
Circuit Design 11",

5) Basics of microelectronic integrated circuit design

Begins with an introduction of mixed analog / digital integrated circuits, and then focuses on topics such as device models,
basic amplifier circuits, and commonly used operational amplifier circuits. Students become accustomed to design techniques
through the use of CAD in class. The aim is to deepen the understanding of the circuit through quizzes and class projects.
This course will give you a broader understanding if you take this course together with “Basics of Microelectronics Integrated
Circuit Design 1”.

6) Basics and practical training of intelligent sensors 2-day intensive course (up to 9 people for the convenience of the
laboratory)

Day 1: Using an example of an intelligent sensor chip born from the fusion of integrated circuit technology and biochemistry,
introduces the background to the fusion of different fields and the history of research and development. Understand the
principle and structure. In addition, through these, learn the knowledge necessary for “sensing architects”, such as the
necessity and difficulty of interdisciplinary integration and how to proceed with research.

Day 2: Integrated circuit manufacturing process training is conducted at our LSI factory to deepen understanding of integrated
circuit structure and manufacturing methods, and to examine the possibility of integration between “integrated circuit
technology” and “own field”. Make up.

['If there will be any changes regarding Toyohashi University of Technology Activity Restrictions Level for Preventing the
Spread of Corona virus, the course content and evaluation of achievement are subject to change. (If there is any changes
about a class schedule, I will inform you on Google Classroom, Moodle, or KYOMU JOHO SYSTEM.)J I #IB&R. XHYIZLLT
XEERH,

l'n case of any changes to the course content and evaluation of achievement or the class format, it will be informed via
Google Classroom or KYOMU JOHO SYSTEM. ]

FE-EENR
BOEEANBTEETTILEHIC, EAOARITOVWTTIRANEEZSEICFE LTSI,

Review each lecture and prepare for the next class with reference to the textbook.

BER B
L
N/A

BRECHISEEER
DETIECTXH, T emRm

Distribute literature and prints as needed

BEECHTLIHERE
YISl
N/A

ERAE

HROBEMRFICHACCEI-HRBERANSHIL, BOBEWHEDO)—FELTEST L4, ENHOLiGENETE
BHIZEY, CNERYRAATHLOD A BEUYEKELS BRE N OEE. RGN -2 HORMAFKE. V—FLLT
BE. B TEDAMELGLEREZHICDOITS,

In order to break away from the traditional style of researchers who are confined to specialized fields and to act as a leader
in a broader society, actively learn advanced technologies in different fields, and cultivate interdisciplinary ability to open up
new fields by incorporating them. To acquire the basics of becoming a human resource who can contribute and contribute
as a leader in technology development in fields that have not existed before.

FAROFIZGERRR. RELR— N EDEDS LU FHHERE

LHREEINTVSER, EENL. 4DULEEERL, FERICEAHLLR—MRETFHET 2

$:90 MLk, AB0 mLL L, B:70 MLl L, C:60 ML

Select four or more from the lectures and practical training set above, and evaluate them by submitting reports related to
each lecture.

S: 90 points or more,

A: 80 points or more,

B: 70 points or more,

C: 60 points or more

M
LR—h TR
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By Report

ERAER T
2L
N/A

FDith
2L
N/A

DI NHLR—D
L
N/A

FI4RT7IT—
BEEEAOERME #Ek

Before/after the class

SE-HHIZRREOX

BEXR-EFEHRIFERUB>

(C)BERMBEHEN EERMICERATELREN-BIEND

B ETRBIFSLVZOEENHICEHTIEELMBEBEEL, ThOERHEICHRNISESES S -HRARA
ERERBTHILT, BEMROLOOBBIMLGRMZRIEL, B TEDRENEHITOITTIS,

Graduate Program of Engineering of Electrical and Electroniclnformation Engineering for Doctoral Degree</b>

(C) Practical and creative skills to utilize advanced knowledge in an integrated manner

Have advanced knowledge about electrical and electronic information engineering as well as related fields; have the practical
and creative skills to utilize such knowledge for problem solving in an integrated manner

F—I—FK
&£FEMOEK CcMOS RETTE
Integrated Circuit, CMOS Fabrication Processes
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(D32030060)5Edi< (/AT L A=4 R iR I [Advanced Microelectronics 2]

FMBAFEXA] FmYAOAIL A= X454 I [Advanced Microelectronics 2]
BEREIEE D32030060 B BR-EFER | BRYA 2R
IZHEK
BEZEA ®H EE AR A 1~1 B 2
BEEE RERIZFHREIELERLRIE FRER 1~
BAsEEF BR-EFFERIFER BRREER D1
U [N—vFERT] A AL, BB i 2, IUAR EE KAWANO Takeshi, TAKAHASHI Kazuhiro,
CHOI YONG JOON, YAMANE Keisuke
FonyLy ELC_DOC74020
BExoHE

FEIRBIG R EERT NA RO O DB, TN REE. R OERTOREERTHLEBBET D

To understand semiconductor physics, structure, design, and processing of advanced semiconductor devices.

REDAR
AEZIL BRBEFIZMBLIVEFT/NARAREERELTEY. COBBRBATFERF D 4 DO MNBEREENS,

1. 2R FFHA (#)

2 ATFOEESLENVREILS =75 (ILUR)
3. Sciif MEMS/NEMS #ii7 (548)

4. A 0T 5 RE AT GAEF)

FEERICNATRELNTARMICRYBL 7 —RRET(IEET 2. FERFEZXONFEEITOVTOREAR L. BREHE
TETNARERET DAL DRBICRYEH. TLELT—2av %75,

BEOEDHF L. ZEFEOFEEROZELEANREH T HRWEEBZ N EDONEHRTITS,

BERNBBLUBBEOTMEICEENELEBZENHYET,
BEERMENER(ZL D5 A (X, GoogleClassroom F- [FHFEFR AT LIYBEALET .
This course is based on Solid State Electronics I, I and Electronic Device Theory.

This subject consists of four parts.

1. Photodetector technology (Choi)

2. Band engineering and quantum effect devices (Yamane)
3. Advanced MEMS/NEMS technologies(Takahashi)

4. Semiconductor device technology (Kawano)

Adding to lectures by professors, in this subject, a case study is also conducted. Namely, students are required to give a
presentation on researches on the given topics, and on design of devices that satisfies required specifications.

The class will be conducted so as to achieve effective learning based on the learning history of the students and the number
of students taking the class.

In case of any changes to the course content and evaluation of achievement or the class format, it will be informed via Google
Classroom or KYOMU JOHO SYSTEM.

FE-EENE
EESHORMBE, HHAEOHEICOVT, FEAXBRAELGETERENRTEMHE T IRBEDHZETICL
NIZEY, FTHTORELGIHBDE R TIEES RENERISI-EREERTHRICLATEIE,

By conducting field surveys that complement the contents of lectures, such as technical trends in related fields and research
trends in cutting-edge research, you can gain an understanding from a practical perspective, rather than acquiring knowledge in
those fields .

BEEME

ELATHIRE  BFT/\MRM, BV VI RT L, EREFVRATLR, XTLYMOZHR, BAEFIZII
Solid State Physics,

Electronic Devices,

Intelligent Sensing Systems,

Integrated Circuits,

Optoelectronics,

Solid State Electronics LI

LHECETIMEBRIE

_13_




BEEICHTSHERIEA
S.M.Sze, Physics of Semiconductor Devices (Wiley)
S.M.Sze, Physics of Semiconductor Devices (Wiley)

ERRE

1. FERICETHERNGYBERREFCEERL. BEXNGFBRT NI ROHERBLELTREREFZEICHRHATESLIL

2. 5RONFEEREBREBR I IFERT NI RADERD N ERETHIENTESDZL

3. 5ZAoNFPEVIREREL. BRTEHIL

You will be able to:

1. Deeply understand fundamental phenomena in semiconductors, and explain operation principle of basic semiconductor
devices to master course students.

2. Design a essential part of semiconductor devcie that satisfies the given specification.

3. Investigate on given topics, and give a lecture on this.

BAEOFEECEMRR., RELR—MEFORM B LU EE
F—RRETAORRABEDLAR—H100%)TEFES 2,

Achievement of lectures of the case study, and writing research reports(100%).

EHIER
LR—~CEE
By Report

EHARBREEH
LR—h TR
By Report

D4t
BRICBLTETROBAIZaVEIMT 5L,

JATEFM| £ : C-603 kawanolat]ee.tut.ac.jp

B4 55— i%:C-606 takahashi[at]ee.tut.acjp

LLI{R &4 : C-608 yamane[at]ee.tut.ac jp

EZRE: C-303-A choilat]ee.tut.ac jp

Before choosing a sub—course, contact to following professors

Takeshi Kawano:C—-603 kawano[at]ee.tut.ac.jp
Kazuhiro Takahashi:C-606 takahashi[at]ee.tut.ac.jp
Keisuke Yamane: C—608 yamane[at]ee.tut.ac.jp
Yong—Joon Choi: C-303-A choilat]ee.tut.ac.jp

DINHLR—D
2Rl
N/A

AIT4RTI—
A—VETTRAVIER>TLESLY,

Take an appointment by e—mail.

2B BEIEEREONG
(C) BELMBEG SN EATE SRR N-AlES

BR-BFHERIEHLVTOBESHICHTIBELABEEBL, ThOERERRODISHAMIERTE SRR
B - BLERIRENE BITDF TV B,

BR-EFRERIZERUB

(C)BELRMBEHMEN - REMISERATEAERN-BIEN
BR-BFERIFSIVZOEENHICRHETIBELMBEEEL, Thor LHEBICHE#NICERSE-MRRARAZE
WERFTHILT, BEBRO-ODOMBIMNERMZERIEL, EETELIENETHITDTTLNS,

(C) Practical and creative skills to utilize advanced knowledge in an integrated manner

Have advanced knowledge about electrical and electronic information engineering as well as related fields; have the practical
and creative skills to utilize such knowledge for problem solving in an integrated manner

Graduate Program of Engineering of Electrical and ElectronicInformation Engineering for Doctoral Degree</b>

(C) Practical and creative skills to utilize advanced knowledge in an integrated manner

Have advanced knowledge about electrical and electronic information engineering as well as related fields; have the practical
and creative skills to utilize such knowledge for problem solving in an integrated manner
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EREF IS, $HEME, L—F—F (4 —F, ERTETFT/ AR

Solid—state electronics, semiconductor physics, laser diode, low—dimensional quantum devices
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