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| ntroduction

Behavioral Ponver Modeling
Model GeneratiorProcess
Power Simulationwith Verilog
Power OptimizationProcess
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State of the Art

Transistorevel spice-like simulation.

Probabilisticestimationtechniguesbasedn
togglecounts.

RTL power simulationwith approximatanodels.

Power simulationby post-processingimulation
results.

Power simulationintegratedinto Verilog
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Current Design Practice

—unctionalRTL Verification,
Primarily with Verilog,

~ollowed by Synthesisandstatictiming
verification,

Usevarioustransistorlevel toolsto identify
problems,

Gatelevel timing simulationis losingground.
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What can be done more?

Verilog’s eventqueuecanbe usedto modelmore
thantiming andbehaioral changes.

Input change— signalpropagtion — Output
Change

Supportedyy Verilog.

Inputchange— Power Dissipation— Steady
State

Needto bedefined.

Canbeextendedo modelvariousother
phenomena.
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Power Event
FE Total enegy dissipated.
t Durationof the event.
P = E/t, Averagepower.

Powverwaveformapproximatedy arectangular
pulse.
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Power Calculation

Givena netlistandits capacitve loading,
Calculate

Effective capacitve load,
Rise/fll times,

Signaldelays,

Enegy dissipatedy eachpath,
Enegy dissipationtime,

Power
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Power Model Example

module inv (Z, A);, output Z; Iinput
not 10(Z,A);
wire zd Z; real tickDelay;
not pow i0(zd ZA),
always @(negedge A) begin
#(tickDelay);
If(Z°zd_2) $proppower({Z,zd_Z}===2"b01,
end
always @(posedge A) begin
#(tickDelay);
If(Z°zd_2) $proppower({Z,zd_Z}===2"b10,
end
specify  specparam
phl0$A$Z = ‘inv_a |Ih_z hl power,
PInO$ASZ = ‘inv_a hl z |h power;

A

0);

1);

Library Technologiesinc. — p.8/1



| nteractive Power Optimization

| RTL |- - Verilogl
‘Synthesij

Verilog

‘Po/verTeaEl(—> Power Library

Wire Loads

Power
Report
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How to M anage Power ?
Paver=1CV?f

Reduceswitchingrate f.
ReduceCapacitve Load C.
ReduceévoltageSwing V.
Avoid ShortCircuit Power.

All techniguesargetoneor moreof theseobjectves.
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How to M anage Power ?

DesignLevel Optimization
ArchitechturalOptimization
ReduceActivity

Dual Threshold Voltagelslands
BetterPlacement

Block Level Optimization
AddersandMultipliers
ArchitechturalOptimization
ReduceActivity
CustomCell Library

Cell Library
BetterLow Pawer Cell Libraries
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Power Team

DynamicPowver Simulator
Integratedwith Verilog, XL andVCS.
SameuserinterfacesasVerilog
Reportgpowver andenegy Use
Integratedtiming andpower Simulation

Approximatelyl0X slowerthanTiming
Simulation

HigherSpeedAccurag, Flexibility andCapacity
thanany othermethod
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Power Reports

InstantaneouBower Use
Total Enegy Use
DynamicStaticPower

Capacitve Powver
Power DrivenLayoutFlow

InternalPower

Module/Instanc&negy Use
RTL-optimization
DesignWareComponents CellOpt

Cell BasedEnegy Use
Library Optimization- CellOpt
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Power Team Reports
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Power Tools- Model Generation

CoreCells IO Cells
ACDL ACDL
Netlist Netlist

SolutionWare

FunctionalTesting
Stimuli Generatio

Characterization
Model Generatio
Model Testing

Model Generatio

Verilog

Model Verification

Verilog Library
Function
Timing
Power

H
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ACDL Examples

FunctionalSpecification

O =((A | B)&C)

re Q=IRB ?0: rising(C)?D : "p"

E Z=GB?"z2" . A
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Memory Description

memory.state = Iq
type.ig = 2

clock.ig = CLK
chipSelect.iq = CEN
writeEnable.Iq = WEN
adr.ig = A[9:0]
dataW.iqg = D[7:0]
dataR.iq = Q[7:0]

activeLow.ig=CEN,WEN
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SolutionWare - Run Times
FastSetup/holdalgorithm

Approximately65 hours,400cells, 7x7 tables,
timing, power, Sunbladel000/600with Athlon
3000+Linux PC,lumpedcaps

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

NAND2Z2 2 minutes,crosscaps
SimpleFlop 18 minutes 4 setup/holdcrosscaps
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Conclusions

Verilog is capableof power simulation.
Cangenerateactionablepower reports.

Verilogis agoodvehiclefor analyzingall event
drivenphenomena.
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