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MOORE’S LAW 
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Aluminum 

<1 um 

Building logic from Transistors 

http://tams-www.informatik.uni-
hamburg.de/applets/cmos/

cmosdemo.html 



“Reduced cost is one of the big 
attractions of integrated electronics, 
and the cost advantage continues 
to increase as the technology 
evolves toward the production of 
larger and larger circuit functions on 
a single semiconductor substrate.” 
Electronics, Volume 38,  
Number 8, April 19, 1965 
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Moore’s Law - 2005 
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Or is it longer? 

[Ref: G. Moore, ISSCC 2004] 



[Ref: G. Moore, ISSCC 2004 

[Ref: G. Moore, ISSCC 2004 



[Ref: G. Moore, ISSCC 2004 

[Ref: G. Moore, ISSCC 2004 



[Ref: G. Moore, ISSCC 2004 

[Ref: G. Moore, ISSCC 2004 



Summary 

•  Moore’s law: Exponential Growth: 2x transistors/chip every 18-24 
months 

•  Holding since 1965 
–  More complex systems 
–  Faster 
–  Chips Cost less 

•  But: 
–  Increasing fab costs 
–  Higher power 

 
THE POWER CHALLENGE 



[Ref: G. Moore, ISSCC 2004 
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Moore‘s Law: Ever Increasing VLSI Power 
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Systems-on-Chip (SoC) 

[Ref: Delagi ISSCC 2010] 

[Ref: Delagi ISSCC 2010] 

Increased Demand from Users 



[Ref: Delagi ISSCC 2010] 

Energy Gap 

[Ref: T. Vucurevich  SAME 2008] 
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Power the Dominant Design Constraint (1) 

Cost of large data centers solely determined by power bill � 

Google Data Center, The Dalles, Oregon 

Columbia River 
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NY Times, June 06 

�  400 Millions of Personal Computers 
worldwide (Year 2000) 

- Assumed to consume 0.16 Tera (1012) kWh 
per year 
-  Equivalent to 26 nuclear power plants 

�  Over 1 Giga kWh per year just for cooling 
-  Including manufacturing electricity 

[Ref: Bar-Cohen et al., 2000] 
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Power the Dominant Design Constraint 

[Ref: R. Schmidt, ACEED’03]  Low Power Design Essentials ©2008 

Data Centers Energy Usage 
 •  U.S. Environmental Protection Agency (EPA) Report 

(August 2007): 
–  Data centers consumed about 61 billion kWh in 2006,  

•  1.5 percent of total U.S. electricity consumption 
•  Most U.S. data centers spend as much on energy costs as on 

hardware 
•  Data center power/cooling costs increased 800% since 1996. 

•  NDRC Report (2013) 
–  91 billion kWh in 2013  

•  34 coal power (500MW) plants    
•  2x energy needed for NYC,  
•  ~9-10x Lebanon’s total electricity production 

–  Projected 140 billion kWh in 2020  
•  50 coal power plants  
•  ~ 150M metric tons CO2 



Where is the energy used? 
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APPLICATIONS GROWTH 
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Energy Trends 

Source: Papa ISSCC 2012 

Impact of Energy Efficiency on CO2 Reduction 

Source: Papa ISSCC 2012 



Residential and Commercial Demand 
Forecast 2030. 

Source: Papa ISSCC 2012 

What is a Quad? 



Why Worry about Power? 

�  Total Energy of Milky Way 
Galaxy: 1059 J 

�  Minimum switching energy for 
digital gate (1 electron@100 
mV): 1.6 10-20 J  
(limited by thermal noise) 

�  Upper bound on number of digital operations: 6 1078 

�  Operations/year performed by 1 billion 100 MOPS 
computers: 3 1024 

�  Energy consumed in 180 years, assuming a doubling of 
computational requirements  every year (Moore’s Law). 

The Tongue-in-Cheek Answer 
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Summary 

•  Power challenge could be Moore’s law Achilles' heel 
•  Microscopically: 

–  Higher switching rates increase power density 
–  Smaller dimensions increase leakage 
–  Higher temperatures affect reliability, leakage 

•  Macroscopicaly: 
–  Consumers expect more functionality (i.e. more power) 
–  Cloud computing -> increased energy consumption @ server centers 
–  Globally, Environmental, sustainable impacts  



[Ref: G. Moore, ISSCC 2004] 

MORE THAN MOORE 



[Ref: Ed Lee et. al 





Moore’s Law has fueled a phenomenal 
growth in data traffic!  

What will drive the growth of the Cloud moving forward? 

Internet Traffic Growth 2005-2012 

Trends to Watch (Cisco 2014) 

● Applications that might migrate from offline to online (cloud): 
e.g. cloud gaming 
 
● Behavior that might migrate from broadcast to unicast: Live TV 
over the Internet would carry a separate stream for each viewer. 
 
● New consumer behavior: The adoption of UHD TV 
 
● Internet of Things 

 



How big will the cloud get? 
Annual global IP traffic will pass the zettabyte (1000 
exabytes) threshold by the end of 2016, and will reach 1.6 
zettabytes per year by 2018 (Cisco 2014) 

Video Dominates the Internet Traffic 

The sum of all forms of IP video, which includes Internet video, IP VoD, video files 
exchanged through file sharing, video-streamed gaming, and videoconferencing, will 
continue to be in the range of 80 to 90 percent of total IP traffic. Globally, IP video traffic 
will account for 79 percent of traffic by 2018. (Cisco 2014) 



Most traffic will be over Wireless 

M2M Growth Drives the Reality of Internet of 
Everything  

•  Globally, M2M connections will grow 
threefold. ~ 1 M2M connection/person by 
2018. 

–  video surveillance,  
–  smart meters,  
–  smart cars,  
–  asset and package tracking,  
–  chipped pets and livestock,  
–  digital health monitors.  

•  M2M IP traffic will grow 11-fold (2.8% of 
global IP traffic).  

•  The higher traffic growth than 
connections growth is due to more 
video applications , that require higher 
bandwidth and lower latency, such as:  

–  video surveillance 
–  Telemedicine  
–  smart car navigation.   

These applications are enabled by the 
Internet of Things 



Internet of Things 

Cyber-Physical Systems: The Driver for IoT 



[Ref: IBM 2010 
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IoT size estimates (2020) 
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Some Applications of CPS 

•  Manufacturing: smart production equipment, processes, 
automation, control, and networks; new product design 

•  Transportation: intelligent vehicles and traffic control, 
intelligent structures and pavements  

•  Infrastructure: smart utility grids and smart buildings/
structures  

•  Health Care: body area networks and assistive systems  
•  Emergency Response: detection and surveillance 

systems,  communication networks, and emergency 
response  equipment  


