A Video Driver System Designed Using a Top-Down, Constraint-Driven Methodology Iasson Vassiliou, Henry Chang *, Alper Demir,Edoardo Charbon *, Paolo Miliozzi, Alberto Sangiovanni-VincentelliDepartment of Electrical Engineering & Computer SciencesUniversity of California at Berkeley*Cadence Design Systems, Inc. San Jose, CAInternational Conference on Computer Aided DesignNovember 12, 1996

Copyright Iasson Vassiliou 1996MotivationlAnalog circuitry is often the bottleneck of large mixed-signal systemsunon systematic, more intuitiveutime consuming lWe have proposed top-down design methodologyuhierarchical approachuprovide rigorous tools at every level of hierarchyuhelp analog designer, not substitutelTo prove the suitability of the methodology we need: u

efficient tools to handle complex mixed-signal designs u

Copyright Iasson Vassiliou 1996OutlinelMotivation*Background on Top-Down Design MethodologylMethodology for Video Driver DesignuPLL High Level Design uCircuit Level Design uLayoutlExperimental ResultslSummary - Future work

Copyright Iasson Vassiliou 1996Key points of the MethodologylStart with a system and constraints lChoose architecture of componentsuHigh level simulationlPropagate constraints from current to nextuBehavioral SimulationuOptimizationlRepeat process until doneulibrary component, module generator, transistor level designlConstraint -driven physical synthesis l Verify design bottom-up

Hierarchical simulation

Sc2c3c1d2d1routeroutespecs

Copyright Iasson Vassiliou 1996AdvantageslSystematic hierarchical approachuEfficient exploration of design spaceuEarly verification (behavioral simulation)uGuaranteed feasibilitylReduces overdesignlLess design iterations lFast verification (bottom-up)Faster time-to-market

Copyright Iasson Vassiliou 1996lMotivationlBackground on Top-Down Design Methodology*Methodology for Video Driver DesignuPLL High Level Design uCircuit Level Design uLayoutlExperimental ResultslSummary - Future workOutline

Copyright Iasson Vassiliou 1996

Video Driver SystemlLarge commercial system (PC, workstation monitors )lIncludes PLL umany applicationsuhard design problemumodels and tools neededunovelty: use beh. simulation to propagate jitter constraint

k,m,ndinfinD/AD/AD/AfoutR

interfaceclockgenerator

Performance range: 25MHz - 135MHz resolution: 8 bits timing jitter < 1 % rmsSupply: 5VTechnology: MOSIS HP 1.0uPower: minimize

Copyright Iasson Vassiliou 1996

High Level DecompositionlFor the D/As module generators are usedlPLL clock generator: follow methodology to layout

Video SystemD/AsCPVCOdividersPLLRoutingfilterdigital interface

Routing

first high-level decomposition: trivialsecond high-level decomposition

low-level design

Copyright Iasson Vassiliou 1996

Video Driver SystemD/A converter synthesislSpecificationsuresolution: 8 bitsuINL, DNL: 1LSBuspeed: 150MHzlUse module generator for current source, interpolative D/A u~1.5 CPU hours on DEC alpha

Copyright Iasson Vassiliou 1996

Architecture Selected:PLL

Fixed Fref, m, n, k to produce given frequenciesCharge Pump

PFDVCOLoop Filter:n:kFinFout = n x Fin / mxk:m

Copyright Iasson Vassiliou 1996

Hierarchical Decomposition/Mapping: PLLPLL

Charge pumpLoop FilterLogic Ckts

route

25 - 135 MHz , Dt/T < 1%, n, m, kstate equationsR, C1, C2state transitiontables, delaysIp, DIp/IpVsat_up, Vsat_loRoutFvco = Fo + Ko* DVc s2Dt VminDt/Troute D range

mapping :

behavioral

simulation

circuitsimulation +optimizationW, LW, LW, LW, L

Copyright Iasson Vassiliou 1996

High Level Optimization - 0bjectivel s

, R , C , Ip) = f(Ko) + g(s2Dt) + h(R) + i(C) + j(Ip) + ...lFlexibility functions based on sdesign experience scircuit equations

—-10—-8—-6—-4—-2—0—

3.5E-12g(sDt)s

DT(VCO)

—-10—-8—-6—-4—-2—0—2—50E6f(Ko)Ko80E6Example flexibility functions:

Copyright Iasson Vassiliou 1996

High Level Optimization -Problem Formulation

Check worst cases for stabilityuComputes jitter if stableuUses behavioral simulation techniqueslPhase margin > 45O : parameter variationsuComputed analytically

max,,,...)../,, flexibility(RCCIKstTTRRRKKKpOLUOOOLU1 TT PM

0.7 %

acq max PLL O fmax £ ‡ £ £ £ £ £ D M ConstantsFoVsat_upVsat_loDIp/Ip RoutVminDR, DCDKDFo100 MHz

0.2 V5 %2 MW1.8 V20%50%30%

Copyright Iasson Vassiliou 1996High Level Optimization - Algorithm

lTiming jitter from Monte-Carlo Simulation - inaccurate derivativeslMethod used: Supporting Hyperplane urequires 1st derivative only uderivatives only in feasible spaceuworks with noisy gradients u requires convexity u provide initial point

feasible regioninitial solutioncurrent optimal

linear constraintadded

Copyright Iasson Vassiliou 1996High Level Optimization - Algorithm (cont.)

Derivatives:ufinite differencesuiteration to find stepsize (noisy gradients)uinside feasible regionlCompute �cheap� constraints firstuif not satisfied no need to compute expensive ones l Non-convexity u reduce variables by 1 u solve for various values of eliminated variable l Loss of optimality ? u OK, objective is heuristic u cheap feasible solution fast

Copyright Iasson Vassiliou 1996High Level Optimization - Resultsobjective flexibility = 2.79

jitter140MHz 0.7% phase margin 44O Parameter Value R 200.5kC 57.8pFC1 5pFIp 15.8uADt VCO (140MHz) 3.33ps Ko 40MHz/V

Iterations 8 CPU

7600 sec (DEC Alpha) l Tolerance to parameter variations verified

Copyright Iasson Vassiliou 1996High Level Optimization - Resultsl

Copyright Iasson Vassiliou 1996lMotivationlBackground on Top-Down Design MethodologylMethodology for Video Driver DesignuPLL High Level Design *Circuit Level Design uLayoutlExperimental ResultslSummary - Future workOutline

Copyright Iasson Vassiliou 1996VCO Topologyl8 stage ring oscillator VCOluse differential cells to reject supply noise

WPLPWNLNWNBLNBWPBLPBin+in-out-out+Vddreplica biasdelay cell

Copyright Iasson Vassiliou 1996VCO decomposition

VCOroutingDCi, DRiFminFmaxDfmin VminDfmax VmaxDT/TVCOWi, LiDFminC, DFmaxCDT/TVCOCDFminL, DFmaxLDT/TVCOLConstraint partitioningLow-level parametersConstraints

Copyright Iasson Vassiliou 1996Low Level Optimization - VCO Key idea use sensitivities and

min Power(Wi, Li, ...)s.t. T ps FF F FF FF F FFV V VCO MAX - MAX MAXMAX MAX MIN - MIN MINMIN MINMINTMHzU V V WiWi Wi Li Li Li1 , MAX LU , LDDDDDDD14032£££££££•£££££++ØºŒøßœSmaxmaxCPCP

ConstantsLnb, LpbWpbWnbDCLmaxDCL1 u20 u10 u50 % 15 fF

4Fmin, Fmax: simulation (Spice)4DTVCO : equations 4Algorithm : Supporting Hyperplaneparasitics estimate

Copyright Iasson Vassiliou 1996

VCO Optimization - Results4 Iterations 2070 CPU sec (DEC Alpha)

VariablesuWn 2.6uuLn 4uuWp 36u uWp 1u

PerformanceuFmax = 163MHzuFmin = 48MHzuDTrms = 1.5 psec @140MHzuPower = 6.2 mW

Copyright Iasson Vassiliou 1996Low Level DecompositionlOther cells: automatic layout generation or standard cell techniques uVerify performanceCharge Pump

1 Xbiasp1biasp2biasn1biasn2updowndownupoutPFDrefclkupdn

updn (I. Young JSSC Nov. 92)

Copyright Iasson Vassiliou 1996lMotivationlBackground on Top-Down Design MethodologylMethodology for Video Driver DesignuPLL High Level Design uCircuit Level Design *LayoutlExperimental ResultslSummary - Future workOutline

Copyright Iasson Vassiliou 1996

Layout Design Flow

123Parasitic Constraint GenerationConstraint Driven Layout SynthesisParasitic ExtractionConstraints Respected?Layout Specifications(sizes, parasitics)

Copyright Iasson Vassiliou 1996

Video Driver Layout l~20,000 transistorslused OCTTOOLS for automatic routingltotal area:

Copyright Iasson Vassiliou 1996Bottom-up Verification

Copyright Iasson Vassiliou 1996Bottom-up Verification (cont.)timing jitter variance

Copyright Iasson Vassiliou 1996lMotivationlBackground on Top-Down Design MethodologylMethodology for Video Driver DesignuPLL High Level Design uCircuit Level Design uLayout*Experimental Resultsl

Copyright Iasson Vassiliou 1996

Copyright Iasson Vassiliou 1996

Experimental Results (cont)

Copyright Iasson Vassiliou 1996

Experimental Results (cont)D/A INLD/A DNL

Copyright Iasson Vassiliou 1996Summary - Future worklDeveloped techniques to apply top-down methodology in a complex mixed-signal systemlComplete design example from specifications to working fabricated parts (first design)uhierarchical approach - propagate jitter constraint ubehavioral simulationuoptimizationu

Apply methodology and expand use to other designs u RF systems