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Thank you very much. It’s my please to introduce today’s panel on smart power. As will become apparent from my brief introduction and the more detailed presentations to follow, power, and in particular smart power, will be the driving force behind many of the technological advancements we’re going to see in the 21st century at scale ranging from semiconductor chips all the way to the electrical power grid.



Smart use of power is 
not simply energy 
conservation 

 
Smart use of power is  

Efficient use of energy 
Enhanced capabilities with 
low energy consumption 

 

What is Smart Power? 
“Doing More, Using Less” 

Source: Technology CEO Council, 2008: A Smarter Shade of Green 
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I’d like to first start by considering the definition of smart power. Simply put, Smart Power, is all about doing more but using less. Smart power is not simply energy conservation. Rather, it is the efficient supply of energy to enable enhanced capabilities with low energy consumption.As you can see from the examples provided, in the past 3 decades as we’ve been able to achieve dramatic performance improvements in a variety of sectors while simultaneously increasing the efficiency of energy consumption. Nowhere is the example more striking than electronics. The instructions a computer can execute per s per watt has increased almost 3 million percent in the past 30 years.



Evolution of Smart Power in Microelectronics 
Increased performance with increased efficiency 

Source: IEEE Specturm, 2010: Outperforming Moore's Law 

Koomey’s Law (2009): the amount of 
power required for a fixed computing 
load falls by a factor of two every 18 
months 

 
We’ve come a long way but  

Current trends in energy electronics 
applications suggest that we’ll need to 
continue to increase performance and 
efficiency in parallel for a long time to 
come… 

 
 
 
 
 

Koomey’s Law 
Illustrated 
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In fact, the energy efficiency in electronics has followed a pattern nearly identical to Moore’s law, which postulates that the number of transistors that can be placed in an integrated circuit doubles very 1.5 to 2 years.We’ve clearly come a long way but will need to increase efficiency and performance in parallel for a long time to come



Smart Power is an Energy System Transformation 
“From Chip to Grid” 

Source: IEA, 2011: Smart Grids Technology Roadmap 

Supply 
“Smart Grids” 

Demand 
“Smart Homes” & “Prosumers” 
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At the scale of the electric utility grid we’re moving quickly toward a much more advanced system capable of incorporating intermittent and distributed energy sources and also storing energy. The system will provide greater efficiency through end use energy conservation, efficiency and demand response. Consumers are increasingly becoming prosumers, both consuming and producing large of amounts of information for many applications, including media, personal productivity and healthcare. 



Smart Power at the Chip and Device Level 
Historical evolution of performance and efficiency 

Source: ISSCC, 2011: ISSCC 2011 TRENDS REPORT 

32 nm Intel Itanium 
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To date, this evolving energy system has been enabled by chip and device level parallel performance and efficiency improvements made possible by incredible progress in miniaturization of components. Today in excess of 3 billion transistors can be inexpensively placed on an integrated circuit with only a marginal amount of additional energy consumption relative to prior chips of much lower performance.



Smart Power at the Chip and Device Level 
Future evolution of performance and efficiency 

Cadence, 2011: 3D ICs with TSVs – Design Challenges and Requirements 

“Whereas “More Moore” may be viewed as the brain of an intelligent compact 
system, “More-than-Moore” refers to the system’s capabilities to interact with the 
outside world.” 

Scaling (MM) 
Geometric 
Equivalent 
Design Equivalent 

 

International Technology Roadmap for Semiconductors 2011 

SoC 

SiP 

Functional Diversification (MtM) 
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In the future we will see further scaling advances, or “MM”, via geometric, equivalent and design scaling. Importantly, however, information and interaction will converge such that low power systems will have a very diverse set of capabilities with very small material and energy footprint. 



Smart Power at Grid Scale 
A responsive and adaptable system 

Our Future Energy System will have an electrical grid that is 
Compatible with “More-than-Moore” devices 
• Enable energy conservation, efficiency and demand response  

Able to integrate significant levels of distributed, intermittent energy sources 
Architected for ultra-efficient, integrated flow of information and electricity 

Source: IEA, 2011: Smart Grids Technology Roadmap 
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The increasing ability to achieve interaction with the outside world via integrated microsystem architectures takes us back to the notion of smart power at the grid scale. Today’s electricity grid has progressed with regard to generation, transmission and distribution. However, The future electricity grid will incorporate smart devices that leverage both “More Moore” and “More-than-More” performance improvements.As you’ll here from our panelists, our future energy system will have an electrical grid that is Compatible with “More-than-Moore” devicesEnable energy conservation, efficiency and demand response Able to integrate significant levels of distributed, intermittent energy sourcesArchitected for ultra-efficient, integrated flow of information and electricity



Smart Power at Grid Scale 
Efficiency in delivery and use 

Source: Infineon,  2008: Saving Energy with Advanced Power Semiconductors 

The “Power of Power Electronics” 
2010: 30% of all electric power flows through power electronics 
2030: 80% of all electric power flows through power electronics 
- ARPA-E, 2010 

A Smart and Efficient Power Supply Chain 
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The future electrical grid and the industrial, commercial and residential buildings and facilities connected to it, will be highly dependent on advanced power electronics. By 2030, 80% of all energy flows will be through power electronics and the efficiency opportunities are substantial. From the supply of power to end consumption we see substantial opportunities with power electronics, including lighting, cooking, traction drives, motors, air conditioning, and electronics.



Smart Power 
The driving force behind an efficient and connected planet 

The Future of Business, Transport, Education, Energy, Healthcare,… 
Individual networks, connected together, with security, analytics and management 

6.56 connected 
devices per person 

by 2020 
- Cisco, The Internet of Things: How 
the Next Evolution of the Internet is 

Changing Everything 
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In short, the of business, transport, education, energy, healthcare and just about every other facet of our lives will be shaped by an evolving smart power landscape. We’ve already surpassed more than 1 connected device per person and Cisco tells us the figure will be about 6 times by 2020. In order to sustain the technological progress we’re making, the convergence of energy efficiency and performance will indeed to continue to long into the future. 



Smart Power in Action  
Masdar City 

     Masdar City – The Future is Today  
• Designed with smart, energy and water  efficient buildings 
• Built with low-carbon materials 
• Supplied by clean energy 
• Powered by a smart grid 
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To conclude, I’d just like to point out that all I’ve described is not just a hopeful view of the future. Rather, globally there are already lighthouse projects that bring together all the key ingredients of smart power. I’ll leave you with one example, Masdar City. Masdar City has gone live as a smartly designed and powered city that will certainly continue to incorporate the latest advances in smart power beyond 2020. What you see today in these recent pictures is hopefully going to evolve along with all of the interesting developments that the rest of our panelists are about to share.



MI TL-3DSC TUD 

Enabling heterogeneous computing can 
largely reduce energy costs of computing, 
while making it more powerful and 
dependable 

Smart Power Research at Masdar Institute 
Twinlab 3D Stacked Chips (TL-3DSC) Research Center 

Cadence, 2011: 3D ICs with TSVs – Design Challenges and Requirements 

Opportunities 
Integrate heterogeneous chips in the same 
vertical stack 
Very high-levels of integration, resulting in 
very-small form factors 
High data-rate systems that overcome 
bandwidth & area bottlenecks 
MEES: up to 90% savings in energy 

Masdar Institute 
3D-Integrated microelectronics for 
minimum energy design 

TU-Dresden 
3D Chip Stack interconnects for 
energy/bandwith optimization 
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Please update



THANK YOU 

12 
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With that I’ll stop and look forward to discussing some of these ideas in more detail
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