Simultaneous Placement and Module Simultaneous Placement and Module Optimization of Analog ICsOptimization of Analog ICsEdoardo Charbon, Enrico Malavasi*, Davide Pandini*,Edoardo Charbon, Enrico Malavasi*, Davide Pandini*,Alberto Sangiovanni-VincentelliAlberto Sangiovanni-VincentelliDepartment of Electrical Engineering and Department of Electrical Engineering and Computer SciencesComputer SciencesUniversity of California at BerkeleyUniversity of California at Berkeley* Dipartimento di Elettronica e Informatica* Dipartimento di Elettronica e InformaticaUniversit� di Padova, ItalyUniversit� di Padova, Italy

OutlineOutlinellObjective and backgroundObjective and backgroundllPlacement frameworkPlacement frameworkllResultsResultsllConclusionsConclusions

General ObjectiveGeneral ObjectiveReady to RouteReady to RouteLayoutLayoutPlacementPlacementFrameworkFrameworkTechnologyTechnologyPerformance Performance SpecificationsSpecifications

Our Approach: Constraint-Driven Our Approach: Constraint-Driven Analog PlacementAnalog PlacementllPart of top-down, constraint-driven Part of top-down, constraint-driven methodology methodology [Chang et al. CICC94][Chang et al. CICC94] � � specifications propagated from specifications propagated from design leveldesign levelllSequential placement, routing, Sequential placement, routing, compactioncompactionllExtraction for bottom-up verification Extraction for bottom-up verification Final layout Final layout PerformancePerformanceSpecificationsSpecificationsRoute, CompactRoute, CompactExtractExtractPlacementPlacementFrameworkFrameworkModule GeneratorModule GeneratorConstraint GeneratorConstraint Generator

Drawbacks of Sequential ApproachDrawbacks of Sequential ApproachllIndependent module generationIndependent module generation� Module interaction not consideredModule interaction not considered�No flexibility in device realizationNo flexibility in device realization� � Special configurations (common-centroid, Special configurations (common-centroid, dummy devices, etc.) must be implemented dummy devices, etc.) must be implemented a prioria priorillIndependent routingIndependent routing� � Need estimations of routing parasiticsNeed estimations of routing parasitics�Relatively low compactnessRelatively low compactness� � Device mismatch problemDevice mismatch problem llParasitic controlParasitic control� Budget parasitics using sensitivities Budget parasitics using sensitivities [Choudhury et al. DAC90][Choudhury et al. DAC90]� Build module(s) according to budgeted parasitics Build module(s) according to budgeted parasiticsIndependent Module GenerationIndependent Module GenerationOutOut.7V.7VOROR

Independent Module GenerationIndependent Module GenerationllParasitic mismatch controlParasitic mismatch control� Budget parasitic mismatches Budget parasitic mismatches [Charbon et al. ICCAD93][Charbon et al. ICCAD93]� Build modules according to budgeted parasiticsBuild modules according to budgeted parasiticsOROR

Independent Module GenerationIndependent Module GenerationllVVtt , R, K� mismatches limit performance , R, K� mismatches limit performancellIn extreme cases (low-power design)In extreme cases (low-power design) minimum supply voltage specs might not be met minimum supply voltage specs might not be met� � output range reductionoutput range reduction� � offsetoffset� � Budget technology mismatches Budget technology mismatches [Charbon et al. ICCAD93][Charbon et al. ICCAD93]� � Select special module implementationsSelect special module implementations

OutlineOutlinellObjective and backgroundObjective and backgroundllPlacement frameworkPlacement frameworkllResultsResultsllConclusionsConclusions llConstraint generator producesConstraint generator producesuutopological constraints topological constraints uuparasitic constraints parasitic constraints llAll equivalent solutions All equivalent solutions generatedgeneratedllFinal selection on modules made Final selection on modules made during placementduring placementllIn case of failure regeneration of In case of failure regeneration of constraints or return infeasibilityconstraints or return infeasibilityPlacement FrameworkPlacement FrameworkSchematicSchematicReady-to-route LayoutReady-to-route LayoutSpecificationsSpecificationsSensitivitySensitivityAnalysisAnalysisPlacement Placement AlgorithmAlgorithmModuleModuleOptimizationOptimizationConstraintConstraintGeneratorGeneratorSpecsSpecsmet ?met ?nonoyesyes

Module Generation ProblemModule Generation ProblemGoal:Goal: find all maximally stacked CMOS module realizations find all maximally stacked CMOS module realizations of circuit devicesof circuit devicesSubject to:Subject to: uutopological constraints (matching, symmetry)topological constraints (matching, symmetry)uuparasitic constraints (interconnect)parasitic constraints (interconnect)uuparasitic and technology mismatches parasitic and technology mismatches uugiven aspect-ratio range given aspect-ratio range Proposed heuristics:Proposed heuristics: Chaining Algorithm Chaining Algorithm� � Problem / AdvantageProblem / Advantage: non-unique solution: non-unique solution

Chaining AlgorithmChaining Algorithm˚˚ Map devices onto edges of undirected graphMap devices onto edges of undirected graph¸¸ Weight nodes based onWeight nodes based onuuconstraints on parasitic capacitanceconstraints on parasitic capacitanceuuconstraints on stray resistanceconstraints on stray resistance‚‚ Enumerate all edge paths (chains) pruningEnumerate all edge paths (chains) pruning those which violate constraints those which violate constraints„„ Evaluate cost (sum of all weights) of each Evaluate cost (sum of all weights) of each chain and select the one(s) with lowest cost chain and select the one(s) with lowest cost”” If violations are detected in final chainsIf violations are detected in final chainsuupartition offending modules into smaller partition offending modules into smaller edges edgesuurecursively go to (2)recursively go to (2)»» EndEnd4x4x2x2x2x2xaabbccaabbccaabbcc llIn this example 324 equivalent solutions foundIn this example 324 equivalent solutions foundllincomplete information for selection incomplete information for selection � postpone to placement postpone to placementEquivalent Solutions from Equivalent Solutions from Module Optimization Module Optimization llIntroduce new move (along with tx,rx,xm):Introduce new move (along with tx,rx,xm):uuswap between equivalent module implementationsswap between equivalent module implementationsllEvaluate impact of implementation on performanceEvaluate impact of implementation on performanceuuestimate all parasitics and mismatchesestimate all parasitics and mismatchesuumodel performance degradation due to parasiticsmodel performance degradation due to parasiticsllConvergence of SA guaranteed Convergence of SA guaranteed [Charbon et al. CICC94][Charbon et al. CICC94]Modified Simulated Annealing Modified Simulated Annealing Placement AlgorithmPlacement AlgorithmAll possible module implementationsoptimaloptimalmodulesmodules

Evaluation of Alternative Evaluation of Alternative Module ImplementationsModule ImplementationsllAfter each move evaluate violations to specificationsAfter each move evaluate violations to specifications� use linear model of performance degradation use linear model of performance degradation DWDW based on sensitivitiesbased on sensitivities DW = �DW = �ii S SiiWW p pii ++ �jj S SjjWW Dp DpjjSSi,ji,jWW = sensitivity of = sensitivity of WW wrt. wrt. ppi i resp. resp. DpDpjjppjj == parasitic estimateparasitic estimateDpDpjj = technology / parasitic mismatch= technology / parasitic mismatch� violation to constraint violation to constraint DWDW(max) (max) (in SA cost function)(in SA cost function)F (DWF (DW(max)(max) - DW) - DW)llNeed accurate and efficient parasitic estimationsNeed accurate and efficient parasitic estimations

Modeling Parasitics and Technology Modeling Parasitics and Technology MismatchMismatchllParasitics (R,C,L) estimated through analytical models Parasitics (R,C,L) estimated through analytical models obtained from detailed field analysisobtained from detailed field analysisllTechnology mismatch for parameter P (Ex. DK, DR, DVTechnology mismatch for parameter P (Ex. DK, DR, DVtt, DC), DC)� � models (Pelgrom 89, Narayan and Felt 94) for models (Pelgrom 89, Narayan and Felt 94) for ss22(P)(P)SubstrateSubstratess22(P) = k(P) = k11 + k + k22 + 4k + 4k33 + 4k + 4k44 Area Area(V Area Area(Vgsgs-V-Vtt))22 (V (Vgsgs-V-Vtt))22systematic mismatchsystematic mismatchparameter Pparameter Prandom mismatchrandom mismatch

Advantages of Simultaneous Advantages of Simultaneous Placement and Module OptimizationPlacement and Module OptimizationllEliminate one-to-one correspondence Eliminate one-to-one correspondence device device « « module module � higher implementation flexibilityhigher implementation flexibilityllReduce set of realizations for each moduleReduce set of realizations for each module� � decision time during annealing� drastically reduceddecision time during annealing� drastically reducedllBest implementation trade-offsBest implementation trade-offs� � due to better knowledge of layout non-idealitiesdue to better knowledge of layout non-idealitiesllSpecial configurations realizedSpecial configurations realized� � algorithmic generation of interleaved�, common-algorithmic generation of interleaved�, common- centroid, etc. centroid, etc.

OutlineOutlinellObjective and backgroundObjective and backgroundllPlacement frameworkPlacement frameworkllResultsResultsllConclusionsConclusions

Low-Power AmplifierLow-Power AmplifierR. Eschauzier, R. Hogenvorst and J.H.Huijsing, ISSCC94R. Eschauzier, R. Hogenvorst and J.H.Huijsing, ISSCC94scmos 1scmos 1mm 5151Devices Devices TechnologyTechnology

LayoutLayout1.75 hrs (placement)1.75 hrs (placement)21.0 seconds (mod opt.)21.0 seconds (mod opt.)total CPU: 3 hrstotal CPU: 3 hrsCPU time for constraint-CPU time for constraint-driven layout synthesis driven layout synthesis Area: 0.034 mmArea: 0.034 mm22 (auto) (auto) 0.028 mm 0.028 mm22 (hand) (hand)# states visited: 365,565# states visited: 365,565# swaps: 21,494# swaps: 21,494Acceptance ratio: 0.068Acceptance ratio: 0.068# # alternative sol.: 324alternative sol.: 32415 days (hand)15 days (hand)

PerformancePerformance*) *) Performed with Spice3 (level 3) on fully extracted layout.Performed with Spice3 (level 3) on fully extracted layout. Monte Carlo simulation of parasitic mismatchesMonte Carlo simulation of parasitic mismatches435 mW435 mW1.5 V1.5 V120 dB120 dB6.0 MHz6.0 MHz63 63 ßßPowerPowerVVddddLFGLFGUGBUGBPMPM+/-130 mW+/-130 mW+/- 0.15 V+/- 0.15 V- 0.1 dB / +- 0.1 dB / +¥¥- 0.1 MHz /+- 0.1 MHz /+¥¥-/+10 -/+10 ßßPerform.Perform.NominalNominalSpecificationSpecification543 mW543 mWfull rangefull range136 dB136 dB7.2 MHz7.2 MHz56 56 ßßSimulated data*Simulated data*

Analog BenchmarksAnalog BenchmarksResults of performance-driven layout synthesisResults of performance-driven layout synthesisBenchmarkBenchmark# specs# specstightness tightness # sat(P-D) # sat(P-D) # sat(no P-D)# sat(no P-D)CPU (DEC5000125)CPU (DEC5000125)fastcompfastcomp3310%10%3311442.9442.9philipsphilips441.5%1.5%442215611561abab440.37%0.37%443315521552compcomp2260%60%2211378378opamp1opamp1440.8%0.8%4422646646ota731ota731330.16%0.16%22**645645mphmph551%1%553361006100

ConclusionsConclusionsllParasitics and technology mismatches drive module Parasitics and technology mismatches drive module generatorgeneratorllEquivalent implementations selected during placement Equivalent implementations selected during placement based on accurate estimates of layout non-idealities based on accurate estimates of layout non-idealities llFull potential of technology can be used forFull potential of technology can be used foruuhigh-performance, low-power circuitshigh-performance, low-power circuitsuularge mixed-signal systemslarge mixed-signal systemsllRobustness of the approach shown on a large set of Robustness of the approach shown on a large set of industrial circuitsindustrial circuits