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Introduction
Behavioral PowerModeling

ModelGenerationProcess

PowerSimulationwith Verilog

PowerOptimizationProcess
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State of the Art
Transistorlevel spice-likesimulation.

Probabilisticestimationtechniques,basedon
togglecounts.

RTL powersimulationwith approximatemodels.

Powersimulationby post-processingsimulation
results.

Powersimulationintegratedinto Verilog
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Current Design Practice
FunctionalRTL Verification,
Primarilywith Verilog,

Followedby Synthesisandstatictiming
verification,

Usevarioustransistorlevel toolsto identify
problems,

Gatelevel timing simulationis losingground.
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What can be done more?
Verilog’seventqueuecanbeusedto modelmore
thantiming andbehavioral changes.

Inputchange signalpropagation Output
Change

Supportedby Verilog.

Inputchange PowerDissipation Steady
State

Needto bedefined.

Canbeextendedto modelvariousother
phenomena.
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Power Event
Total energy dissipated.

Durationof theevent.

, Averagepower.

Powerwaveformapproximatedby a rectangular
pulse.
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Power Calculation
Givenanetlistandits capacitive loading,
Calculate

Effectivecapacitive load,

Rise/fall times,

Signaldelays,

Energy dissipatedby eachpath,

Energy dissipationtime,

Power
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Power Model Example
module inv (Z, A); output Z; input A;

not i0(Z,A);

wire zd_Z; real tickDelay;

not pow_i0(zd_Z,A);

always @(negedge A) begin

#(tickDelay);

if(Zˆzd_Z) $proppower({Z,zd_Z}===2’b01, 0);

end

always @(posedge A) begin

#(tickDelay);

if(Zˆzd_Z) $proppower({Z,zd_Z}===2’b10, 1);

end

specify specparam

phl0$A$Z = ‘inv_a_lh_z_hl_power,

plh0$A$Z = ‘inv_a_hl_z_lh_power; Library Technologies,Inc. – p.8/19



Interactive Power Optimization

RTL Verilog

Synthesis

PowerTeam
Verilog

PowerLibrary
Wire Loads

Power
Reports
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How to Manage Power?
Power =

Reduceswitchingrate .

ReduceCapacitive Load .

ReduceVoltageSwing .

Avoid ShortCircuit Power.

All techniquestargetoneor moreof theseobjectives.
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How to Manage Power?
DesignLevel Optimization
ArchitechturalOptimization
ReduceActivity
DualThreshold,VoltageIslands
BetterPlacement

Block Level Optimization
AddersandMultipliers
ArchitechturalOptimization
ReduceActivity
CustomCell Library

Cell Library
BetterLow PowerCell Libraries
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PowerTeam
DynamicPowerSimulator

Integratedwith Verilog,XL andVCS.

SameuserinterfacesasVerilog

Reportspowerandenergy Use

Integratedtiming andpowerSimulation

Approximately10X slower thanTiming
Simulation

HigherSpeed,Accuracy, Flexibility andCapacity
thanany othermethod
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Power Reports
InstantaneousPowerUse

TotalEnergy Use

DynamicStaticPower

CapacitivePower
PowerDrivenLayoutFlow

InternalPower

Module/InstanceEnergy Use
RTL-optimization
DesignWareComponents- CellOpt
Cell BasedEnergy Use
Library Optimization- CellOpt
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PowerTeam Reports
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Power Tools - Model Generation
CoreCells

ACDL
Netlist

IO Cells
ACDL
Netlist

MemoryCells
ACDL
Netlist

SolutionWare
FunctionalTesting
Stimuli Generation
Characterization

Model Generation
ModelTesting

Spice

ModelGeneration
ModelVerification

Verilog

Verilog Library
Function
Timing
Power
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ACDL Examples
FunctionalSpecification

O = !((A B)&C)

RB

QD

C

DFR

Q = !RB ?0 : rising(C)?D : "p"

Z = GB ?"z" : A
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Memory Description
memory.state = iq
type.iq = 2
clock.iq = CLK
chipSelect.iq = CEN
writeEnable.iq = WEN
adr.iq = A[9:0]
dataW.iq = D[7:0]
dataR.iq = Q[7:0]
activeLow.iq=CEN,WEN
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SolutionWare - Run Times
FastSetup/holdalgorithm

Approximately65hours,400cells,7x7 tables,
timing, power, Sunblade1000/600with Athlon
3000+Linux PC,lumpedcaps

Scanflop with syncreset,3 hours,26setup/hold,
crosscaps

NAND2 2 minutes,crosscaps

SimpleFlop 18minutes,4 setup/hold,crosscaps.
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Conclusions
Verilog is capableof powersimulation.

Cangenerateactionablepower reports.

Verilog is agoodvehiclefor analyzingall event
drivenphenomena.
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