Top-Down, Constraint-DrivenTop-Down, Constraint-DrivenDesign Methodology Based Design Methodology Based Generation of a Video Driver SystemGeneration of a Video Driver SystemIasson Vassiliou, Henry Chang, Alper Demir, Iasson Vassiliou, Henry Chang, Alper Demir, Edoardo Charbon, Paolo Miliozzi , Edoardo Charbon, Paolo Miliozzi , and Alberto Sangiovanni-Vincentelliand Alberto Sangiovanni-Vincentelli ILP ConferenceILP Conference March 14, 1996March 14, 1996

Electrical Engineering & Computer Sciences

University of California at Berkeley

University of California at Berkeley

OutlineOutlineÆÆBackground on Top-Down Design MethodologyBackground on Top-Down Design MethodologyllVideo Driver DesignVideo Driver DesignuuHigh Level Design High Level Design uuCircuit Level Design Circuit Level Design uu

Layout

Layout

Experimental Results l l Summary - Future work

Summary - Future work

MotivationMotivationllAnalog often is the bottleneck for large mixed-Analog often is the bottleneck for large mixed-signal systemssignal systemsuunon systematic, more intuitivenon systematic, more intuitiveuutime consuning time consuning ÆÆWe propose top-down methodologyWe propose top-down methodologyu u

u hierarchical approach

hierarchical approach u u provide rigorous tools at every level of hierarchy

provide rigorous tools at every level of hierarchy

Key points of the MethodologyKey points of the MethodologyllStart with system architecture and constraints Start with system architecture and constraints llChoose architecture of componentsChoose architecture of componentsuuHigh level simulationHigh level simulationllPropagate constraints from current to nextPropagate constraints from current to nextuu

Behavioral Simulation

Behavioral Simulation

Optimization l l Repeat process until done

Repeat process until done u u library component, module generator, transistor level design

library component, module generator, transistor level design l l Constraint -driven physical synthesis

Constraint -driven physical synthesis l l Verify design bottom-up

Verify design bottom-up u u Extraction

Extraction u u Hierarchical simulation

Hierarchical simulation

AdvantagesAdvantagesllSystematicSystematicllEfficient exploration of design spaceEfficient exploration of design spacellEarly verification (behavioral simulation)Early verification (behavioral simulation)llGuaranteed feasibilityGuaranteed feasibilityllReduces overdesignReduces overdesign

Costly low-level design iterations can be

avoided

avoided l l Fast verification

Fast verification l l Speed up design cycle

Speed up design cycle

Why this design exampleWhy this design examplellProve the methodology for higher complexity Prove the methodology for higher complexity systemssystemsMethodology Methodology definitiondefinitionDACsDACsS-D S-D A/DA/DVideo SystemVideo System

RF receiver

RF receiver

Popular design examplellIntegrate programmable PLL frequency Integrate programmable PLL frequency synthesizersynthesizerH. Chang,et al cicc 92H. Chang,et al cicc 92H. Chang et al cicc 95H. Chang et al cicc 95H. Chang et al cicc 94H. Chang et al cicc 94This workThis work

OutlineOutlinellBackground on Top-Down Design MethodologyBackground on Top-Down Design MethodologyllVideo Driver DesignVideo Driver DesignÆÆHigh Level Design High Level Design uuCircuit Level Design Circuit Level Design uuLayout

Layout

Experimental Results l l Summary - Future work

Summary - Future work

Video Driver SystemVideo Driver Systemll Integrate 3 DACs for the R, G, B signals plus Integrate 3 DACs for the R, G, B signals plus programmable frequency synthesizerprogrammable frequency synthesizer

dindinfinfink,m,nk,m,n

DACDACDACDACDACDAC

foutfout RR B 25MHz - 135MHz 25MHz - 135MHzjitter < 1 %jitter < 1 %interfaceinterfacedigitaldigitalfrequencyfrequencysynthesizersynthesizer

Performance:Performance:Technology:Technology:Supply:Supply:5V5V MOSIS HP 1.0uMOSIS HP 1.0u

minimize

High Level DecompositionHigh Level DecompositionllFor the DACs. module generators are usedFor the DACs. module generators are usedllPLL frequency synthesizer: all the way to layoutPLL frequency synthesizer: all the way to layout

Video SystemVideo SystemDACsDACsCPCPVCOVCOdividersdividersPLLPLLRoutingRoutingfilterfilterdigital digitalinterface

interface

RoutingRouting

Video Driver SystemVideo Driver SystemD/A converter synthesisD/A converter synthesisllSpecificationsSpecificationsuuresolution: 8 bitsresolution: 8 bitsuuINL, DNL: 1LSBINL, DNL: 1LSBuuSpeed: 150MHzSpeed: 150MHzl l

current source, interpolative DAC DAC u u ~1.5 CPU hours in DEC

~1.5 CPU hours in DEC

alpha

alpha

R. Neff et al CICC �95

R. Neff et al CICC �95

Video Driver SystemVideo Driver System Frequency Synthesizer Frequency Synthesizer llGoal: Design a programmable frequency synthesizer for a Goal: Design a programmable frequency synthesizer for a Video Driver systemVideo Driver systemllArchitecture selectionArchitecture selection

behavioral simulation u u optimization

optimization PLL PLL Fref

Fref

FoutFout

MMNN

Architecture Selected:Architecture Selected:PLLPLLllCharge-Pump PLL with ring oscillator VCO Charge-Pump PLL with ring oscillator VCO llFixed FFixed Frefref

Charge Pump

PFDPFD

VCOVCOLoop FilterLoop Filter:n:n:k:kFinFinFout = Fout = n x Fin / mxkn x Fin / mxk:m:m

Hierarchical Decomposition/Mapping: Hierarchical Decomposition/Mapping: PLLPLLPLLPLLVCOVCO Charge Charge pumppumpLoop Loop Filter

Filter

Logic

Logic

Ckts

Cktsroute route

25 - 135 MHz , 25 - 135 MHz , Dt/TDt/T < 1%, n, m, k < 1%, n, m, kstate equationsstate equationsR, C1, C2R, C1, C2state transitionstate transitiontables, delaystables, delaysIIp, p,D D I I /I p p V V sat_up

sat_up , V , V sat_lo

sat_lo R R out out F F vco vco = F = F o o + K + K * D D V V c c s s 2 2 Dt Dt V V min min Dt/T

Dt/T

route

route D D mapping :

behavioral

behavioral

simulation

simulation + + optimization

optimization

mapping : mapping :circuitcircuitsimulationsimulation + +optimizationoptimizationW, LW, LW, LW, LW, LW, L

High Level Optimization - 0bjectiveHigh Level Optimization - 0bjectivellflexibility(Ko , flexibility(Ko , ss22Dt Dt , R , C , Ip) = f(Ko) + g(, R , C , Ip) = f(Ko) + g(s

2 Dt Dt ) +

) +

h(R) + i(C) + j(Ip) + ...

h(R) + i(C) + j(Ip) + ... l l Flexibility functions based on design

Flexibility functions based on design

experience and circuit equations

experience and circuit equations l l Example flexibilities :

Example flexibilities :

—-10—-10—-8—-8

-6—-4—-4—-2—-2— 0 — 0 — 2 — 2 1.7E-12

1.7E-12 — 3.5E-12 — 3.5E-12 g g s ) ) s s DT DT ( ( VCO)

VCO)

—-10—-10—-8—-8—-6—-6—

-4—-2—-2— 0 — 0 — 2 — 2 — 50E6 — 50E6

f(Ko)

f(Ko) Ko Ko 80E6

80E6

80E6

High Level Optimization -High Level Optimization -Problem FormulationProblem FormulationllJitter simulationJitter simulationuuCheck worst cases for stabilityCheck worst cases for stabilityuuComputes jitter if stableComputes jitter if stableuu

Uses behavioral simulation tool (A. Demir et al CICC94)

Uses behavioral simulation tool (A. Demir et al CICC94) l l O : parameter variations

: parameter variations u u Computed analytically

Computed analytically

max,,,...)../,, flexibility(RCCIKstTTRRRKKKpOLUOOOLU1 0.7 % PM 45 100MHz PLL OD£‡££££MConstantsConstantsFoFoVVsat_upsat_upVVsat_losat_loDDIIpp/I/Ipp out V V min min 100 MHz

100 MHz

4.8 V

4.8 V

0.2 V

0.2 V 5 % 5 % 2 M 2 M W W 1.8

1.8 V V

High Level Optimization - High Level Optimization - AlgorithmAlgorithmllMost non-linear optimization algorithms require Most non-linear optimization algorithms require accurate calculation of 1st and 2nd derivative accurate calculation of 1st and 2nd derivative llTiming jitter is the result of a Monte-Carlo Simulation Timing jitter is the result of a Monte-Carlo Simulation - hard to have accutate derivatives- hard to have accutate derivativesll

Method used: Supporting Hyperplane requires 1st

Method used: Supporting Hyperplane requires 1st

derivative information only - gives results even with

derivative information only - gives results even with

noisy gradients.

noisy gradients.feasible regionfeasible regioninitial solutioninitial solutioncurrent optimalcurrent optimal

linear constraintlinear constraintaddedaddedÆÆ requires convexity requires convexity

High Level Optimization - ResultsHigh Level Optimization - Resultsobjective objective flexibility = 2.79flexibility = 2.79 constraint valueconstraint valuejitterjitter140MHz140MHz

phase margin 44 O O Parameter Value

Parameter Value

R 200.5k

R 200.5k

C 57.8pF

C 57.8pF

C1 5pF

C1 5pF

Ip 15.8uA

Ip 15.8uA Dt Dt VCO VCO (140MHz) 3.33ps

(140MHz) 3.33ps

Ko 40MHz/V

Ko 40MHz/V 8 CPU

CPU

7600 sec (DEC Alpha)

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

Tolerance to parameter variations verified

High Level Optimization - ResultsHigh Level Optimization - Resultsll Optimization results Optimization results

OutlineOutlinellBackground on Top-Down Design MethodologyBackground on Top-Down Design Methodology

Video Driver DesignuuHigh Level Design High Level Design ÆÆCircuit Level Design Circuit Level Design u u Layout

Layout u u Experimental Results

Experimental Results l l Summary - Future work

Summary - Future work

VCO TopologyVCO Topologyll8 stage ring oscillator VCO8 stage ring oscillator VCO

use differential cells to reject supply noise

WWPPLLPPWWNNLLNNWWNBNBLLNBNB PB LLPBPBin+in+in-in-out-out-out+out+VddVddreplica biasreplica biasdelay celldelay cellVVtunetune

ISSCC 94)

VCO decompositionVCO decompositionVCOVCOroutingroutingD

DCCii, , DDRRiiFF min min F F D f f min

min V V min min D D f f max max V V max max D D T/T T/T VCO VCO i , L , L i i D D F F min min C C , , D D F F max max C C D D VCO C C D D F F L L , , D D F F L L D D T/T T/T L Constraint partitioning

Constraint partitioning

Parameters

Parameters

Constraints

Constraints

Low Level Optimization - VCO Low Level Optimization - VCO Key ideaKey idea use sensitivities and use sensitivities andmin 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 L U , L D D D D D D D £ £ £ £ + + Ø º Œ ø ß œ S max max C P C P ConstantsConstantsLLnbnb, L, LpbpbWWpbpbWWnbnbDDC C Lmax

Lmax C L L 1 u 1 u 20 u

20 u

10 u

10 u

50 %

50 %

15 fF

15 fF

ÆÆFmin, Fmax: simulationFmin, Fmax: simulationÆÆDDTTVCO VCO

ÆAlgorithm : Supporting Algorithm : Supporting Hyperplane

Hyperplane

parasitics estimate

parasitics estimate

VCO Optimization - ResultsVCO Optimization - Results4 Iterations4 Iterations 2070 CPU sec (DEC Alpha) 2070 CPU sec (DEC Alpha)

Variables VariablesuuWn 2.6uWn 2.6uuuLn 4uLn 4uuuWp 36u Wp 36u uuWp 1uWp 1u

Performance PerformanceuuFmax = 163MHzFmax = 163MHzuuFmin = 48MHzFmin = 48MHzuuJitter = 1.5 psec @140MHzJitter = 1.5 psec @140MHzuuPower = 6.2 mWPower = 6.2 mW

Low Level DecompositionLow Level DecompositionllOther cells: automatic layout generation or Other cells: automatic layout generation or

uVerify performanceVerify performanceCharge PumpCharge Pump

1 X1 Xbiasp1biasp1biasp2biasp2biasn1biasn1biasn2biasn2upupdowndowndowndownupupoutoutPFDPFDrefrefclkclkupupdndn

upupdndn (I. Young JSSC Nov. 92)(I. Young JSSC Nov. 92)

OutlineOutlinellBackground on Top-Down Design MethodologyBackground on Top-Down Design Methodology

Video Driver DesignuuHigh level design High level design uuCircuit Level Design Circuit Level Design Æ Æ Layout

Layout u u Experimental Results

Experimental Results l l Summary - Future work

Summary - Future work

Layout Design FlowLayout Design Flow

1122

Parasitic Constraint GenerationConstraint Driven Layout SynthesisParasitic ExtractionConstraints Respected?

Video Driver Layout Video Driver Layout ll~20,000 transistors~20,000 transistorsllused OCTTOOLS used OCTTOOLS for automatic routingfor automatic routinglltotal area: total area:

Bottom-up Verification Bottom-up Verification SPICE :SPICE :20 CPU hours20 CPU hoursBehavioralBehavioralSimulation :Simulation :250 CPU secs250 CPU secsllBottom-up verification performedBottom-up verification performeduu

individual components at circuit level

individual components at circuit level u u PLL using behavioral simulation with extracted parameters

PLL using behavioral simulation with extracted parameters

OutlineOutlinellBackground on Top-Down Design MethodologyBackground on Top-Down Design MethodologyllVideo Driver DesignVideo Driver DesignuuHigh Level Design High Level Design uuCircuit Level Design Circuit Level Design uu

Æ Experimental Results

Experimental Results l l Summary - Future work

Summary - Future work

Experimental ResultsExperimental ResultsChip fabricated using 1.0u HP processChip fabricated using 1.0u HP process

MeasurementsMeasurementsD/AD/A uuINL 0.15 LSB INL 0.15 LSB uuDNL 0.05 LSBDNL 0.05 LSBuuSettling time (2%) 6nsSettling time (2%) 6nsPLL PLL u u Range 5Mz - 125MHz

Range 5Mz - 125MHz

Jitter 0.5% (100MHz)

System

System u u To be tested together with monitor

To be tested together with monitor

OutlineOutlinellBackground on Top-Down Design MethodologyBackground on Top-Down Design MethodologyllVideo Driver DesignVideo Driver DesignuuHigh level design High level design uuCircuit Level Design Circuit Level Design uuLayoutLayoutuuExperimental ResultsExperimental ResultsÆÆSummary - Future workSummary - Future work

Summary - Future workSummary - Future workllDeveloped techniques to apply top-down methodology Developed techniques to apply top-down methodology in a more in a more complex systemcomplex systemllComplete desing example from specifications to Complete desing example from specifications to working fabricated partsworking fabricated partsuu

hierarchical approach

hierarchical approach u u behavioral simulation

behavioral simulation u u optimization

optimization u u bottom-up verification

bottom-up verification l l

u RF systems

RF systems