
1.  TITLE AND SUMMARY 

Design methodology and techniques in 
production low-power SOC designs 

SUMMARY 
Power has become critical metric and key differentiator in sub-65nm SOC designs, due to growing power 

density driven by technology scaling and chip integration. This tutorial provides overview of the low-

power design methodologies and techniques in production SOC design perspective, emphasizing on the 

real design considerations and impact on chip success.  We shall discuss pros and cons of the methods 

and techniques considering impacts on chip design schedule, yield,  and overall power-performance 

target.  We shall also provide design guidance and recommendations in various design steps and 

decision making points, based on our years of successful experience in production low-power SOC 

designs.   

This tutorial is organized in two parts. In the first part, we shall overview power related challenges in 

sub-60nm SOC design and state-of-the-art techniques to reduce chip power. We shall give a holistic view 

from chip level to system and application levels. Practical industrial examples will be used to show how 

power savings can be achieved in modern SoC, processors and computer systems. In the second part, 

we shall describe production low-power design methodology and techniques particularly the power-gating 

and the voltage/frequency scaling  which are the two advanced power reduction methods used 

effectively in sub-65nm production low-power designs.  We shall explain when, where and how these 

methods and techniques are applied to a chip according to the design goals and time-to-market 

requirement.  We shall also cover production low-power design methodology and flow with UPF power 

intent and unified design environment. 
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5. DETAILED TUTORIAL PROGRAM 
 

Part 1. 

- Introduction 

o History of IC design challenges under different constraints 

o Power vs. Energy 

o Static and dynamic power 

- Factors driving design for low power –  electrical, physical, environmental and economic issues  

o Growing power and cooling cost 

o Power consumption in data centers 

o Physical issues: Heat dissipation, mechanical stress, electromigration, etc. 

o Electrical issues: Voltage drop, noise, etc. 

- System view 

o Off-chip power dissipation contributors 

o Example: Power consumption in a high-end server 

o Power, packaging, cooling 

- Overview of power reduction techniques 

o Techniques and their tradeoffs 

o Diminishing returns through levels of abstraction 

o Design techniques: Gate level optimization, multi-VT, clock gating, power gating, multiple 

voltage domains 

o Technological remedies:  e.g. strained Si, Hi-K/metal gates, MuGFETs etc. 

- Power management on system and chip level – example: POWERTM processor architecture 

o Conceptual Topology (EnergyScaleTM architecture, thermal sensors, activity counters, critical 

path monitor, etc.) 

o Power/Performance optimization – power/thermal capping,  performance-sensitive power 

savings, throttling, idle modes, dynamic voltage/frequency scaling 

o Feasibility for non-processor SOCs – example: power saving in I/O hub chips 

- New ideas for power saving 

o Glitch power – the unknown factor 

o A system and method for glitch power avoidance 

 

Part 2. 

- Voltage/frequency scaling  (10 m) 

o task/performance profiling based DVFS – overview,  pros and cons 

o adaptive DVFS – overview, pros and cons 

o app and PTV based  VFS  - overview, pros and cons 

o production design considerations and recommendations 



- Power-gating design  (40 m) 

o Principle, system,  elements, management and sequence 

o Retention strategies and techniques – ext vs. internal retention, dual and single control 

flops, pulse-triggered retention flop, retention rams 

o Tradeoffs – area, complexity, risk, schedule, performance  

o Theoretic vs. real power saving 

o  strategies for production design - decision points and criteria 

- Overview of low-power SOC implementation flow (30 m) 

o Domain partitioning –  production design considerations and criteria (function locality, 

operability, performance target, size etc),  fplan-aware 

o Power management strategy – things to watch (pending, running, interrupt),  central vs  

hierarchical control, input vs output isolations, retentions, low-power IPs, sleep/wakeup 

sequence  

o Switched power network – ring vs distributed, optimal switch insertion, switch hookup, ao- 

and switched-vdd grids. Production design considerations 

o Ao-tap insertion and ao-vdd supply challenges in tapless production design – considerations 

o Domain-aware logical/physical synthesis – ao-synthesis, isolation and level shifting integrity,  

cts, routing  

- Overview of power intent definitions through UPF  (5 m) 

o  - power domain, supplies, ..  – power intents for DV and implementation - examples 

- Overview of production low-power design environment (5 m) 

o - address flow challenges – many details in the implementation could go wrong by human 

mistakes, examples … 
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8.  TUTORIAL SLIDES 
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Kaijian Shi is Principal Consultant in Synopsys Professional Services Group since 1999, specializing in low-
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IEEE SoC Conference 2008-2010 and program committee members of IEEE ISVLSI (2006-2008) and 

DesignCon since 2003. 

Thomas Buechner is Advisory Engineer at IBM Research & Development Lab in Boeblingen, Germany, 

since 1994, where he is currently responsible for the design of power management units for IBM’s next 

generation POWERTM processors. Before that he has been involved in the development of many chips 

for high-end servers, from I/O hubs to complex SoCs. From 2007-2009 he led  a workgroup to increase 

the power efficiency of server I/O hardware. 

He holds a Ph.D. degree from Stuttgart University since 1996. From 1989 to 1993 he was a Research 
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