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https://www.allaboutcircuits.com/textbook/semiconductors/You can refer, such as, 



Timeline 
1925: Julius Edgar Lilienfeld’s MESFET patent

1935: Oskar Heil’s MOSFET patent

194?: Unpublished Bell Labs MESFET

1947: Ge BJT (Bardeen, Brattain, Shockley, Bell Labs)

1954: Si BJT (Teal, Bell Labs)

1960: MOSFET (Atalla&Khang, Bell Labs)

1961: Integrated circuit (Kilby, TI)

1963: CMOS (Sah&Wanlass, Fairchild)

1964: Commercial CMOS IC (RCA)

1965: DRAM (Fairchild)

1968: Poly-Si gate (Faggin&Klein, Fairchild)

1968: 1-FET DRAM cell (Dennard, IBM)

1971: UV EPROM (Frohman, Intel)

1971: Full CPU in chip, Intel 8008 (Faggin, Intel)

1974: Digital watch

1974: Scaling theory (Gänsslen&Dennard, IBM)

1978: Use of ion implanter

1978: Flotox EEPROM (Perlegos, Intel)

1980: Ion-implanted CMOS IC

1980: Plasma etching

1984: Scaling theory <0.25 μm (Baccarani, U. Bologna)

1986: 0.1 μm Si MOSFET (Sai-Halasz, IBM)

1991: CMOS replaces BJT also at high-end

1993: DGFET scalable to 30 nm (theory, Frank et al.)

2007: Non-SiO2 (HfO2–based) MOSFET (Intel)

# Left list is taken from a slide made by M. Fischetti,  “history of the MOSFET from a physicist’s perspective” 



2009
Willard S. Boyle and George E. Smith
Invention of the charge-coupled device (CCD), 
for electronic memory, which made the Charge 
Coupled Device (CCD) image sensor possible.

1998
Horst Störmer, Daniel Tsui, and Robert Laughlin
Discovery and explanation of a new form of 
quantum fluid with fractionally charged 
excitations (the Fractional Quantum Hall 
Effect.)

1997
Steven Chu
Development of methods to cool and trap 
atoms with laser light. (Prize shared with 
Claude Cohen-Tannoudji and William D. 
Phillips.)

1978
Arno A. Penzias and Robert W. Wilson
Discovery of the cosmic microwave 
background radiation that in turn provided 
clear substantiation of the "big bang" theory of 
how the universe began.

1977
Philip W. Anderson
Fundamental theoretical insights into the 
electronic structure of magnetic and 
disordered systems". (Prize shared with Sir 
Nevill Francis Mott and John Hasbrouck van 
Vleck.)

Nobel Prize in Physics

Reference :  Nobel Prize List awarded to scientists working at Bell Laboratories
(from   https://www.bell-labs.com/our-people/recognition/ )

total 7 

https://www.bell-labs.com/our-people/recognition/


1956
John Bardeen, Walter H. Brattain and William 
Shockley
Research on semiconductors that led to the 
invention of the transistor in 1947.

1937
Clinton J. Davisson
Discovery of the diffraction of electrons by 
crystals and demonstrated the wave nature of 
matter. (Prize shared with George Paget 
Thomson.)

2014
Eric Betzig
Eric Betzig was awarded 2014 Nobel Prize in 
Chemistry “For the Development of Super-
Resolved Fluorescence Microscopy” which is 
capable of measuring images of molecules 
from within living cells.

Nobel Prize in Chemistry

total 1 



Transistor prehistory

1935 Heil’s patent                     1947 First BJT                       1960 Atalla’s MOSFET

Bardeen, Shockley, Brattain (Bell Labs)

#Figures are taken from a slide made by M. Fischetti,  “history of the MOSFET from a physicist’s perspective” 

FET ?



Everyday Life Science

. . . World without semiconductor (transistor) is outside of 
our imagination now ...



Moore’s law

Gordon Moore                     1965: Cost vs time                   Moore’s law 1960-1975

“Moore’s law” =  number of transistors in an IC has been increasing 
exponentially with time  (usually, the rate is “double” within 2-3 years.)



From    Lidia Lukasiak and Andrzej Jakubowski, “History of Semiconductors”   

Plot’s with Moore’s law 

#1 “Transistors” are almost replaced with CMOS

#2  The (minimum) size/scale of the first generation transistor is 10 mm

#3  Gradually, “feature” size and the minimum size do not coincide.   But “feature” size is still a good 
benchmark.



.........

.........

See https://irds.ieee.org/reports

IRDS: a committee to make a roadmap for semiconductor



Personal attention -- Carbon material for future solution

discovered in 1985 discovered in 1991

“discovered” in 2004 proposed in 1991 (not discovered)

Carbon is one of candidates for future material, and experts point out that it has huge
advantages over current silicon base.  However,  practical application is expected  
15~20 years later  . . .   



Low Resistivity when the size is 
closing to nano-scale. 

Low Power operation:
Power = V2 ~ 1/100 of current 
silicon base.   

Advantage of carbon material for semi-conductor



Graphene Transistor 

Graphene Wiring 

CNT plug 

CNT: Carbon nano tube

Example Design: Application of  nano-carbon 
material to the semiconductor

http://www.tel.co.jp/museum/magazine/material/150227_interview/02.html

Summary

・Number/Size etc.  of 
Transistor(semiconductor) follows 
so-called “Moore’s Law”   

・It is expected that current Si 
technology is closing to the both of 
physical and technical limit. Many 
solutions are considered and tested.

・How about carbon materials ?

Transistor 

1947 (discovery)  - 1971 (Intel 8008) ?  

nano carbon 

1991 (discovery)  - 20xx  ?  

1980 (SSD at CERN) ? 

33 years

if 33 years, , ,  = 2024 


