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“The startling rate of change which 
microelectronics is producing in world societies has 
caused organizations to ponder how long this rate 

of change can endure and at what level of 
performance it might end.”

- George Heilmeier
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“Stagnation of innovation”

“The gap would narrow between the electronic ‘haves’ and ‘have-nots’ 
and electronic sophistication would become less of a 

‘differentiator’ between societies.” 

“The U.S. defense strategy of using superior weapon 
performance to offset the numerical advantages of potential enemies 

could lose much of its validity.”

End of the Beginning or Beginning of the End?
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Collaboratively Innovating the 4th Wave of 
Electronics Development

What is the 4th

Wave?
What are the 
Challenges?

What is the 
Vision?

Approved for Public Release; Distribution Unlimited



Approved for Public Release, Distribution Unlimited

20201970 1980 1990 2000 20101960 1961 1962 1963 1964 1965
100

102

101

1010

104

107

106

105

103

109

108

#
 o

f C
om

po
ne

nt
s



Approved for Public Release, Distribution Unlimited

100

1960

101

102

103

104

105

106

107

108

109

1010

1970 1980 1990 2000 2010 2020

16 
Transistors

4,500 
Transistors

275,000 
Transistors

#
 o

f C
om

po
ne

nt
s



Approved for Public Release, Distribution Unlimited

100

1960

101

102

103

104

105

106

107

108

109

1010

1970 1980 1990 2000 2010 2020

Focus Center Research Program  
MAROO LPE

Back End of Line (BEOL) Fabrication Process

Low Dielectric Constant 
Materials &

Copper Interconnects

#
 o

f C
om

po
ne

nt
s



Approved for Public Release, Distribution Unlimited

100

1960

101

102

103

104

105

106

108

109

1010

1970 1980 1990 2000 2010 2020

Advanced Lithography 
Program

107

#
 o

f C
om

po
ne

nt
s

FinFET



Approved for Public Release, Distribution Unlimited



Approved for Public Release, Distribution Unlimited

• Driving future circuit 
performance

• Overcoming the skyrocketing 
cost of integrated circuit design

• Addressing the data 
explosion

• Achieving microelectronic 
security

Challenges
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“Innovation depends in part on anticipating where 
technology and its applications are going in the 

future and daring to trust that intuition.”

- George Heilmeier
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New Materials 
& Devices
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New Materials 
& Devices

Specialized 
Functions

Design & 
Security

3D Heterogeneous 
Integration

New Materials 
& Devices

“What is needed are new devices which 
perform much more complex digital functions 

than switching or elementary logic.”
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New Materials 
& Devices

Specialized 
Functions

Design & 
Security

3D Heterogeneous 
Integration

Specialized 
Functions

“…we shall see the appearance of self-
learning systems which 

accumulate expertise based on 
their prior use.”
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New Materials 
& Devices

Specialized 
Functions

Design & 
Security

3D Heterogeneous 
Integration

Design & 
Security

“…progress in this area is anticipated as a 
result of current and future efforts to 

shorten VLSI design cycles by 
defining standard higher-order primitives.”
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New Materials 
& Devices

Specialized 
Functions

Design & 
Security

3D Heterogeneous 
Integration

3D Heterogeneous 
Integration

“The long-term solution is a revolutionary 
digital technology which solves the 

interconnect problem...”
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“It appears that minimum geometries for high-volume ICs will 
saturate in the range of 0.3 to 0.5 microns.”

32nm

HK/MG
(2nd Gen)

22nm

FinFET
(1st Gen)

14nm

FinFET
(2nd Gen)

10nm

FinFET
(3rd Gen)

45nm

HK/MG
(1st Gen)

90nm

Strained Si
(1st Gen)

65nm

Strained Si
(2nd Gen)

Source:  Intel
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Collaboratively Innovating 
the 4th Wave of 

Electronics Development

ERI ELECTRONICS
RESURGENCE INITIATIVE
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