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óRealô Schedule

Weekly Course Schedule

Calendar Description *Remarks

1st week Introduction/Semiconductor Process Overview Lectures

2nd week Semiconductor Process Overview Lectures

3rd week Growth of compound semiconductors ïMBE & MOCVD Presentations

4th week Photolithography / Nanolithography Presentations

5th week PECVD / Oxidation Presentations

6th week Dry etching / Cleaning & Wet etching Presentations

7th week Diffusion / Ion implantation Presentations

8th week Mid-term Week No midterm

9th week Metallization (Ohmic Contacts) / TLM measurement Presentations

10th week Experiments

11th week Experiments

12th week Experiments

13th week Experiments

14th week Experiments

15th week Experiments

16th week Final Exam & Final Report

Fabrication & Measurement 
of TLM patterns



Assessment and grading

Attendance (5%) 

Presentations and pre-reports (30%)

Ą 15 min presentation

Ą Pre-report for 6 presentation topics (select one topic 

per week, ~3 pages)

Final report (30%)

Final Exam (35%)



Presentation Subjects

1. Molecular Beam Epitaxy (MBE)

2. Metal-Organic Chemical Vapor Deposition (MOCVD))

3. Photolithography

4. Nanolithography

5. PECVD

6. Oxidation

7. Dry etching

8. Cleaning / Wet etching

9. Diffusion

10. Ion implantation

11. Metallization

12. Transmission Line Measurement (TLM)
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1. Semiconductors : introduction and history

2. Heterostructures : basic concepts, history, 
materials, technologies

3. Device overview 1: LEDs

4. Device overview 2: Bio-integrated & Bio -
inspired electronics
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1947

The fundamental building block of modern electronic device,
ŚSq`mrhrsnqś

1950s

üNovember 17, 1947 to December 23, 1947, John Bardeen and Walter Brattain at 

AT&TŚs Bell Labs in the US performed experiments. And solid-state group leader 

William Shockley saw the potential in this Ą Transistor

üSmall size, low electric consumption, and 10 times faster than Eniac

üEniac contains 17,468 vacuum tubes, weighed more 
than 30 tons, consumed 150 kW of electricity

ü It could multiply two ten -digit numbers 40 times 
per second

1st electronic general -purpose computer ŚEniacś

1940s

Vacuum tubes

The semiconductor revolution
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The Nobel Prize in Physics 1956
Śfor their researches on semiconductors and their 

discovery of the transtitor effect "

William Bradford 

Shockley
1910ŕ1989

John 

Bardeen
1908ŕ1991

Walter Houser 

Brattain
1902ŕ1987

The semiconductor revolution
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Å Rbgdl`shb okns ne sgd ehqrs Śpoint -contact ś 

transistor

Bell telephone lab. Dec. 23, 1947

Emitter
Spring

Base

Collector

The semiconductor revolution
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ü Transfer resister Ą Transistor

ü A small current at the base terminal can control or switch a 

much larger current between the collector and emitter terminals.

Emitter

Collector

Base

Current The Process Unit chip (PU chip) 
measures 678 mm2 and consists 
of 3.99 billion transistors , IBM, 
2015.

üTransistor output is 5,700 times larger than the wheat 

production by year

Wheat production by year: 703,000,000 t
= 480,000,000,000 / day

Transistor output in year : 10,000,000,000,000,000,000
= 2,700,000,000,000,000 / day

The semiconductor revolution
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0V

OFF ON
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ü Integration of transistors at silicon substrate ȅ circuit dimensions are reduced

ü In 1959, Dawon Jahng and Martin M. Atalla at Bell Labs invented the MOSFET

1959
Development of semiconductor industry ŚLNREDSś

1960s

Gate

Drain

Source

Voltage

üRole of turned -off switch by 
Gate voltage

NMOS + PMOS (Complimentary MOSFET)

ĄMethod for large scale integration in the circuit

p-Si substrate

The semiconductor revolution
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Factory sales of Electronics and IC
S. M. Sze, J. Appl. Phys. Vol. 22, 1983

Å Factory sales of Electronics in the United States over the past 50 years and projected to 1990

Å Integrated circuit market in the United States

(a) Factory sales 
of Electronics 

Sales in the United States 

1930 1940 1950 1960 1970 1980 1990

Year

(b) Integrated
circuits

Digital MOS

Digital
bipolar

Linear

Invention
of transistor

Beginning 
of IC
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The semiconductor revolution
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Lnnqdŝr k`v H 9 cduhbd cnvmrhyhmf
H. Iwai, H. wang, Phys. World Vol. 18, 09, 2005

1900 1950 1960 1970 1980 1990 2000 2010 2020
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Vacuum tube
The first active 
electronic device to 
be invented was 
the vacuum tube

First silicon transistor
Texas Instruments 
introduced the first 

silicon transistor 
in 1954

The first Integrated circuit
Jack Kilby developed 
the first integrated 
circuit in 1958

Size matters
Transistors in the 
first microprocessor 
(the Intel 4004) 
measured 10 µm

Small talk
The transistors in 
Intel's Pentium 4 
processor are just 
45 nm in size

Trade-off
Smaller devices 
suffer from larger 
leakage currents

How low can you go?
Further downsizing 
may not prove to be 
economically viable

Samsung

< 10 nm

The semiconductor revolution
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Lnnqdŝr k`v HH 9 bgho cdmrhsx
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Gordon Moore
Co-founder of Intel, 
who identified 
the trend for 
chip density 
40 years ago

First microprocessor
The Intel 4004 
contained 2300 
transistors

Intel Pentium
The first Pentium 
processor contained 
5.5 million transistors

Intel Pentium4
By 1995 the Pentium

chip contained
42 million transistors

Intel Itanium
The world's most 
powerful chip can 
perform hundreds of 
millions of operations 
per second

The road ahead
Further increase in 
chip density relies on 
new technologies

Larger memory
Memory chips 
contain more 
transistors than 
processors

The semiconductor revolution
H. Iwai, H. wang, Phys. World Vol. 18, 09, 2005
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Core

Optical Fiber

Cladding

ncore > ncladding

1966 Invention of optical fiber

Charles Kun Kao
(The Nobel prize in physics, 2009)

Sgd Qhrd ne Hmenql`shnm `mc Bnlltmhb`shnm Sdbgmnknfx ax ŚKhfgsś

2010s

Development of
Compound semiconductor laser

1979 Development of 1.55 Ǎllaser,
fiber loss (0.2dB/km)

Commercilization of 
optical internet

ü An optical fiber is a cylindrical dielectric waveguide that 

transmits light along its axis, by the process of total internal 

reflection .

1976 Development of 1.3 əmlaser, 
fiber loss (1dB/km )

1963

Alferov Kroemer
(The Nobel prize in physics, 2000)

Commercilization of 
optical communication

1980

The semiconductor revolution
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Technology conversion

Nanotechnology
(NT)

Green tech.
(GT)

Biological tech.
(BT)

Space tech. 
(ST)

Environmental tech.
(ET)

Cultural tech.
(CT)

͖ὢ╢ ║

Manufacturing/Service Info-communication

Car

Shipbuilding

Fiber

Medical

Machine

ŚHS & PT bnmudqfdmbdś

2020s
IT: Information Technology
PT: Photonic Technology

Photonic 
Technology

ŏ
Industry conversion

The semiconductor revolution


