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Outline 

“Standby” Power is a Global Challenge 

– In the information-technology world 

– And the residential arena 

How to do nothing well … ? 

Wake-up strategies to the rescue 

Some food for thinking 

Major Focus on Improving Energy Efficiency and 

Minimization, but … 



Electricity Use Breakdown 

One central 

baseload power 

plant: about 7 TWh/
year 

(Courtesy: Bruce Nordman, LBL) 

US Only – Annual Figure circa 2006 

IT Carbon footprint: +- 2% of total 

Expected to grow to 4% by 2020 



Networked IT Products 

    Network    Utilization 

  AT&T switched voice   33%  

  Internet backbones   15%  

  Private line networks   3~5%  

  LANs     1%  

• Utilization is low 

• Energy of edge device is 

mostly “idle” 
 Energy consumption above 

idle: Servers < 5%, PCs < 3%, 

IP phones < 5% 

 Same holds for set-top boxes, 

printers, PCs 

 Could save majority of energy 

power when put to sleep 

E.g: PC power profile 



Standby Power Becoming Crucial 

Main 

contributors: 

Set-top boxes, 

TVs 



Similar Stories at the Core 

It is surprisingly hard 

to achieve high levels 

of utilization of typical  

servers 



Energy-Proportional Computing 

Energy Efficiency = 

Utilization/Power 



Doing Nothing Well? 

Déjà Vu – Similar to chip level concerns over the past 

decades (Some lessons to be learned) 

Many components do have multiple power states, but 

stay on even when not used – processors, disks, 

network interfaces, fans, … 

Bottom-up approach most often does not work  

– Leads to unacceptable latencies and reliability issues 

– Not acceptable by service providers 

– Ad hoc and at discretion of users 

Needs hierarchical top-down vision of power 

management 

– Exploiting rich set of “buttons” presented by components (E.g. 

Microsoft “Atom” based server prototype) 



Managing Standby Power 

Proactive:  

– Intelligent power scheduling 

Requires predictive behavior to be effective 

Only works in a tightly managed environment (e.g. PC, DC) 

– Synchronous or pseudo-synchronous protocols 

Reactive: 

– Wake up device/component when needed 

using external signal 

– “proxy” function maintains essential state 
and interfaces 

– Asynchronous protocols 

– Requires effective wake-up strategy  

Proxy 

What works for ICs may not necessarily apply to distributed systems 



Network Connectivity Proxying 

[Courtesy: Bruce Nordman, LBL] 



Case Study: Sensor Networks 

Most nodes have very low 

duty cycle 

Deep sleep mode essential 

component in extending 

energy lifecycle 

– Standby power dominates 

the budget 

Challenge: How to maintain 

latency while maximizing 

sleep-time 



Clear-to-Send
Listen 

Exploiting Low Duty-Cycles 

ACK 

Data TX 

RX 

Request-to-Send 

Data Receiver 

Timer 

activate data radio 
Timer duty-cycles 

receiver 

Trade-off between 

network latency and 

average power 

data 

out 

Protocol-Based 

Duty-Cycling 



Duty-Cycling with Wake-up 

Wake-up receiver (WuRx) 

listens for requests and 

controls duty-cycle 

FULLY ASYNCHRONOUS SCHEME 

THE CHALLENGE! 

[J. Rabaey, ISSCC’01] 



Low Power Receiver Survey 



Innovative ULP Strategies 

100 m 



Enabling True Wake-up Capability 
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Improving Reliability and Flexibility 

[Courtesy: J. Richmond, 

C. Nguyen, UCB] 

Power: 50 W 

Sens.: -90 dBm 
Rate: 100 kbps 

Above-silicon MEMS 

resonators provide 
selectivity, 

programmability, and 
precise frequency 

references at NO 

power cost 



The Impact of WuX 

For same traffic, 802.11b has same latency as async at > 2.5 mW 



The Broader Impact of the 
Wake-Up/Proxy Approach 

Allows virtually any networked device to go into 

complete sleep mode with only minimal standby power 

(appliances, consumer, IT) 

 while keeping latency to an absolute minimum 

Enables broader deployment of energy-efficient 

networks for energy and environment monitoring in 
residential and commercial buildings 

Enabled by Ultra-Low Power Design Approaches 

 Sub-threshold or near threshold digital design 

 Low-voltage mixed-signal and RF 
 “Mechanical” computing 



Example: Enhancing Existing 
Wireless Standards 

Wake-up (WuX) standard that can support 

and co-exist with most wireless standards 

(ULP-BT, WIFI, Zigbee) 

Allows for more effective sleep-modes, while 

guaranteeing low-latency connection and 

maintaining state 

Uses separate signaling WuX channel to 

provide synchronization information 



Food for Thought 

Needs a system vision on power-management in 

distributed systems.  

– Single devices cannot control when to go into different power 
modes – this is true for both wired and wireless systems.  

Requires innovation in network and protocol design, and 

standardized interfaces, as well as ultra low-power proxies 

How to incentivize players in the field? 

– Very little incentive for component 

manufacturers today, nor for utilities 

– Will need force of regulation 

What can we learn from practices 

adopted in SoC community? 


