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OutlineOutline

•• Introduction: leakage current, power gatingIntroduction: leakage current, power gating

•• Supply switching with ground collapse (SSGC)Supply switching with ground collapse (SSGC)

•• Implementation of SSGCImplementation of SSGC

•• Experimental resultsExperimental results

•• SummarySummary
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Leakage CurrentLeakage Current

•• Leakage current in nanometer regimeLeakage current in nanometer regime
–– Exponential growth of leakageExponential growth of leakage

•• Subthreshold leakage due to reduced Subthreshold leakage due to reduced VVthth
•• Gate leakage due to reduced Gate leakage due to reduced TToxox
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Leakage CurrentLeakage Current

•• Gate leakage currentGate leakage current
–– Grow faster than subthreshold leakageGrow faster than subthreshold leakage
–– May dictate the total leakage in future technologyMay dictate the total leakage in future technology
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Power GatingPower Gating

•• Power gatingPower gating
–– Widely used to suppress subthreshold leakageWidely used to suppress subthreshold leakage
–– Active mode: footer turnedActive mode: footer turned--onon
–– Standby mode: footer cuts off power railStandby mode: footer cuts off power rail
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Power GatingPower Gating

•• Power gating in nanometer regimePower gating in nanometer regime
–– StateState--retention and outputretention and output--holding circuit leak gate holding circuit leak gate 

leakageleakage
–– Leakage saving from power gating greatly reducedLeakage saving from power gating greatly reduced

1

10

100

1000

10000

180-nm 90-nm 65-nm 45-nm

Le
ak

ag
e 

sa
vi

ng
 [X

]

Decreased
leakage saving

Technology
ISCAS benchmark s1269 w/ power gating



7

•• SSGC: supply control + power gatingSSGC: supply control + power gating

Supply Switching with Ground CollapseSupply Switching with Ground Collapse

ActiveActive
Supply switching Supply switching 
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Supply Switching with Ground CollapseSupply Switching with Ground Collapse

•• SSGC circuitSSGC circuit
–– Reduce leakage of combinational logic through power Reduce leakage of combinational logic through power 

gating (ground collapse)gating (ground collapse)
–– Reduce leakage of FF through lowered voltage Reduce leakage of FF through lowered voltage 

(supply switching) and power gating(supply switching) and power gating
–– No need to use stateNo need to use state--retention FFretention FF
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Supply Switching with Ground CollapseSupply Switching with Ground Collapse

•• Implementation of SSGCImplementation of SSGC
–– Design of supply switching circuitsDesign of supply switching circuits
–– Physical designPhysical design

•• Power networksPower networks
•• SSGC flipSSGC flip--flopflop
•• FooterFooter
•• OutputOutput--holding circuitholding circuit
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Supply Switching CircuitsSupply Switching Circuits

•• M1 switchM1 switch
–– Supplying active Supplying active VVdddd

–– High High VVthth PMOSPMOS
–– Sizing affects circuit performanceSizing affects circuit performance

•• M2 switchM2 switch
–– Supplying standbySupplying standby--mode mode VVsvsv

–– Low Low VVthth NMOSNMOS
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Supply Switching CircuitsSupply Switching Circuits

•• VVddvddv in standbyin standby
–– Bounded by the potential to retain states in Bounded by the potential to retain states in FFsFFs + noise + noise 

marginmargin
–– Factors: temperature, process variation, states (0 or 1), FF Factors: temperature, process variation, states (0 or 1), FF 

typestypes
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Supply Switching CircuitsSupply Switching Circuits

•• Design of M2 switchDesign of M2 switch
–– Selection of M2 size and Selection of M2 size and VVsvsv forfor

•• Efficient leakage savingEfficient leakage saving
•• Lowest Lowest VVddvddv (e.g. 260mV)(e.g. 260mV)

–– Voltage drop across M2 dictates Voltage drop across M2 dictates VVsvsv
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Supply Switching CircuitsSupply Switching Circuits

•• Design of M2 switchDesign of M2 switch
–– M2 size vs. M2 size vs. VVsvsv

•• TradeTrade--off between area overhead and leakage poweroff between area overhead and leakage power
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Physical Design of SSGCPhysical Design of SSGC

•• Power networks for SSGCPower networks for SSGC
–– Conventional Conventional VVdddd and and VVssss rails rails as as VVddvddv and and VVssvssv railsrails
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Physical Design of SSGCPhysical Design of SSGC

•• SSGC flipSSGC flip--flopflop
–– State maintained in slave latch with low State maintained in slave latch with low VVsvsv

•• No need of stateNo need of state--retention elementretention element
•• Low gate and subthreshold leakage currentLow gate and subthreshold leakage current

–– Other parts are power gated for further reductionOther parts are power gated for further reduction
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Physical Design of SSGCPhysical Design of SSGC

•• Footer layoutFooter layout
–– Isolated body (body bias to Isolated body (body bias to VVssss) preferred for leakage ) preferred for leakage 

current current area overhead due to well isolationarea overhead due to well isolation
–– Building blockBuilding block--based approachbased approach: flexible placement, : flexible placement, 

control of area overheadcontrol of area overhead
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Physical Design of SSGCPhysical Design of SSGC

•• OutputOutput--holding circuitholding circuit
–– OutputOutput--holding circuits are needed due to holding circuits are needed due to VVsvsv(<(<VVdddd)) in in 

standbystandby
–– Utilize high Utilize high VVthth to reduce subthreshold leakageto reduce subthreshold leakage
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SSGC Design FlowSSGC Design Flow
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Experimental ResultsExperimental Results

•• Test circuitsTest circuits
–– ISCAS and ITC benchmark circuitsISCAS and ITC benchmark circuits
–– 6565-- and 45and 45--nm predictive modelsnm predictive models
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Case Study: ETMCase Study: ETM

•• Embedded Trace Embedded Trace MacrocellMacrocell (ETM)(ETM)
–– Debugging and tracing core for ARMDebugging and tracing core for ARM
–– 90nm, 1.0V commercial process90nm, 1.0V commercial process

•• Footer, M1, and M2 sizingFooter, M1, and M2 sizing
–– M1 and footer sizing M1 and footer sizing 

for 10% delay increasefor 10% delay increase
–– M2 sizing to optimize M2 sizing to optimize 
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Case Study: ETMCase Study: ETM

•• SSGC implementation resultSSGC implementation result
–– Total leakage saving: Total leakage saving: 3232×× at 25at 25°°CC
–– Area increase: Area increase: 3%3%
–– WirelengthWirelength increase: increase: 6%6%
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SummarySummary

•• Power gatingPower gating
–– Widely used to suppress subthreshold leakageWidely used to suppress subthreshold leakage
–– NOT efficient in nanometer technology due to gate NOT efficient in nanometer technology due to gate 

leakage of storage elements and outputleakage of storage elements and output--holding holding 
circuitscircuits

•• Supply switching with ground collapseSupply switching with ground collapse
–– Overcomes the limitation of power gatingOvercomes the limitation of power gating
–– Demonstrates cellDemonstrates cell--based semicustom design flow based semicustom design flow 

based on SSGCbased on SSGC
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