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Definition of Industrial Physics :

Industrial Physics is a synergistic combination of people, 
education, and scientific principles that catalyzes the 
technological products and services that drive today’s economy.

Industrial Physics involves application of physics knowledge 
and principles to the design and manufacture of products and 
services, practiced by more than just trained physicists. 
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2Source: American Physical Society. The Impact of Industrial Physics on the U.S. Economy. Jan. 2019
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• National Issues in Industrial
Physics (Oct. 2014)

• The Impact of Industrial Physics 
on the U.S. Economy (Jan. 2019)



• Direct hire of college-trained physicists of all degrees

• Physics as an essential element in the training of people who 
work in industry

• Use physical principles in the technology that creates products 
and services

• The emergence of new physics that drives disruptive changes 
to the economy
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from fundamental physics work to huge impact on the economy

Nuclear Magnetic
Resonance (1938)

Isidor Rabi

1st Atomic Clock
(1949)

1st commercial
GPS device (1989)

Gary Burrell & MingKao

GPS Application Category Benefits in U.S. 2013 ($B)
Consumer Location-based Service 14.6 - 37.7 
Precision agriculture – grain 10.0 - 17.7
Surveying 9.8 - 13.4
Fleet Vehicle Telematics 7.6 - 16.3
Machine guidance in construction 2.2 - 7.7
….

Total 37 - 74

15 to 20 times 
impact on the 
U.S. economy

Thanks GPS…
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Industries are the direct result of the physics discoveries being transformed into 
products and services. The impact is even larger in the future.

• Directly produced 12.6% (2016) of the GDP, or $2.3 trillion. Including indirect and 
induced contributions, contributed 30%, or $5.5 trillion

• Exports 20% (or $1.1 trillion) of total physics-based GDP (2016)

• GDP in physics-based sectors grew 22 times compared to overall growth of 4 times 
(1966-2016)

• Directly employment 6% (2016) of total employment, or 11,500,000 people. Adding 
in indirect and induced employment, contribute 23.6% of the U.S. workforce

• 70,000 degreed physicists joined industry (2003-2016)

• 340,000 physics patents granted to companies (2010-2016)

• $150 billion internal R&D investments (2015) made by physics-based companies
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7Source: American Physical Society. The Impact of Industrial Physics on the U.S. Economy. Jan. 2019
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Isidor Rabi

1944 Nobel Prize in Physics

"for his resonance method 
for recording the magnetic 
properties of atomic nuclei"

1952 Nobel Prize in Physics

Felix Bloch Edward Mills 
Purcell

"for their development of new 
methods for nuclear magnetic 
precision measurements and 
discoveries in connection 
therewith"

Paul C. Lauterbur Peter Mansfield

"for their discoveries concerning 
magnetic resonance imaging"

2003 Nobel Prize in Medicine



10

��

��

��

��



Scientist vs Engineer (/,�'�!�)
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"Scientists study the world as it is; engineers create the 
world that has never been."        Theodore von Karman

•/,����
)�,  Why� �" Discovery
•�!����)
�,  How� �� Invention
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Engineers make idea to be reality !!

•:�'��*E��"�.S2,�S=�K?��C3,�K?�S=
•�C3#.S2@/�VY'-!�B0QF�������>�

Scientist vs Engineer (.S2I�C3)
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An Industrial View for  
Quantum Computer

-- Disruptive and Revolutionary Technology
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– Brief Review and Prospect of Silicon Semiconductor 
and ICT Industry

– A Totally Disruptive and Revolutionary Challenge is 
Appearing on the Horizon

– From a Viable Technology to Become an Industry

Outline
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Brief Review and Prospect 
of Silicon Semiconductor 
and ICT Industry
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Semiconductor Industry Status and 
Technology Outlook
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Big Step: Transistor è IC
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Transistor Scaling

20Source: Roger De Keersmaecker, IMEC  Updated by Macronix



Logic: FinFET (Better Gate Control)
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2D  ---------->  3D



Memory: Trend of NAND Flash Development

222011 VLSI , J. Choi and K. S. Seol



3D VC NAND Architecture
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3D NAND Flash Structure/Density Landscape

24



How to keep Scaling Effects without X-Y Scaling
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Go for Z direction!
Keep on Doubling Storage Density

Keep on Reduction in Cost/bit

Keep Moore’s Law On per Generation every Two Years



3D Memory
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l Assembly Stacking
− 2.5D, 3D ……

l Monolithic Structure
− 96L/192L ……3D NAND

l Homogeneous
− HBM

l Heterogeneous
……….



Heterogeneous  3D IC 
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Chips Approach

28
Source: David Schor, https://fuse.wikichip.org/news/1520/intel-opens-aib-for-darpas-chips-program-as-a-royalty-free-
interconnect-standard-for-chiplet-architectures/



29https://en.wikipedia.org/wiki/High_Bandwidth_Memory

High Bandwidth Memory (HBM) on 
Chiplet System



Largest Chip Ever Built
- Cerebras Systems' new deep-learning chip

30
https://www.pcworld.com/article/3432977/cerebras-systems-new-deep-learning-chip-is-as-big-as-your-keyboard-and-the-
largest-ever.html



Beyond Silicon
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Present Semiconductor Industry
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A Totally Disruptive and 
Revolutionary Challenge is 
Appearing on the Horizon
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Quantum Supremacy

38Source: Lecture materials from Dr. Jackson Hu presented at  NCTU/NTU (2019)



Quantum Supremacy
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The Disruptive Revolution of 
Computing Technology 



Quantum Moore’s Law
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From a Viable Technology to 
Become an Industry
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History of Electronic Devices
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Device for Controlling Electric Current
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Bipolar Transistor Action Realized
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The 1st Transistor -1947



Conceptualization of the Integrated Circuit
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Geoffrey Dummer
(1909 – 2002)

• An English electronics engineer and consultant who 
passed the first radar trainers and became a pioneer of 
reliability engineering at the Telecommunications 
Research Establishment in Malvern in the 1940s.

• Credited as being the first person to conceptualize and 
build a prototype of the integrated circuit, who has been 
called “the prophet of the integrated circuit”.

“ With the advent of the transistor and the work on semi-conductors 
generally, it now seems possible to envisage electronic equipment 
in a solid block with no connecting wires. The block may consist of 
layers of insulating, conducting, rectifying and amplifying materials, 
the electronic functions being connected directly by cutting out 
areas of the various layers ”. 

Symposium on Progress in Quality Electronic Components, 
Washington, D.C. 1952.

https://en.wikipedia.org/wiki/Geoffrey_Dummer
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1st Practical Integrated Circuit
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Technology Choice by Material 
Controllability and Availability
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Key Material Breakthrough
-- Impurity Control and Interface Defect Improvement



Moore’s Law

51



History of the IC Technology
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Only Shockley has the vision of this discovery will open a totally new world 
(Era). So, Shockley acted as the Moses –The Exodus– to Silicon Valley.

Nobel Prize Laureates (1956) 
for 1st Transistor in Realization



Spin-off Companies from Fairchild
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What Needed for a Disruptive 
Technology to be Successful
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What Needed for a Disruptive 
Technology to be Successful
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Motion of Electrons and Holes 
in Perturbed Periodic Fields



Semiconductor Basics
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Effective Mass
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Band Theory
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Properties of Important Semiconductor
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What Needed for a Disruptive 
Technology to be Successful



64MIT Technology Review, Feb 28, 2019

Intel’s “cryoprober” for Qubit Testing could 
Get Quantum Computers Here Faster
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What Needed for a Disruptive 
Technology to be Successful



66https://www.bnext.com.tw/article/53957/ibm-noly-san-talk-about-quantum-computer

Find a set of Key Applications 
Most Fit with Quantum Computer



Quantum Computing Application

67Source�The Next Decade in Quantum Computing—and How to Play, BCG (Nov, 2018)



Quantum Computing Application

68Source�The Next Decade in Quantum Computing—and How to Play, BCG (Nov, 2018)



Quantum Computing Application

69Source�The Next Decade in Quantum Computing—and How to Play, BCG (Nov, 2018)



Quantum Computing Application

70Source�The Next Decade in Quantum Computing—and How to Play, BCG (Nov, 2018)



Quantum Computing Application

71Source�The Next Decade in Quantum Computing—and How to Play, BCG (Nov, 2018)



Lemma of New Technology
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Examples
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The Success & Failure Principle
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Thanks�
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Appendix: Quantum Technology



2https://www.gartner.com/smarterwithgartner/the-cios-guide-to-quantum-computing/

Applications of Quantum Computing
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Quantum Technologies Timeline

http://qurope.eu/system/files/u7/93056_Quantum%20Manifesto_WEB.pdf



4https://www.economist.com/news/essays/21717782-quantum-technology-beginning-come-its-own

Global Race on “Quantum Supremacy”



Global Race on “Quantum Supremacy”

https://www.economist.com/news/essays/21717782-quantum-technology-beginning-come-its-own
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Global Race on “Quantum Supremacy”

https://www.economist.com/news/essays/21717782-quantum-technology-beginning-come-its-own
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Appendix



Discovery,
Idea, Invention, Innovation
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Patent (	�? ��?) ���
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Patent

5

A patent is a set of exclusive rights granted
by a state (national government) to an
inventor or their assignee for a limited
period of time in exchange for a public
disclosure of an invention.

The word patent originates from the Latin
patere, which means ”to lay open” (i.e., to
make available for public inspection), and
more directly as a shortened version of the
term letters patent, which originally
denoted an open for public reading royal
decree granting exclusive rights to a person.

Source: Wikipedia
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