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Overview=>'i",>u:.c _

•

•

•

•

Technologyperformancemetrics

Essentialprocesscharacteristics

GaAscircuit design

Auroradevelopment
AuroraI: July 1991,60,000trans

AuroraIT: July 1992,160,000trans

Auroraill: Fall 1993

CPU- SOO,OOO trans

FPU- 300,000trans

MMU - SOO,OOO trans
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ｾ Ring OscillatorSpeedasa PerformanceMetric
］ ＾ ＼ ｴ ｩ ｬ ｩ Ｇ ［ Ｚ ｩ ｾ _

Effectof processimprovementon ring oscillatorspeed

HGaAs2 HGaAs3 %
PulldownTx = 60xl.Omm PulldownTx = 60xO.6mm Change

Fanout= 1 82.1ps 48.2 41.3

Fanout=4 170.6 133.6 21.7

Fanout= 4 + 3mm 358.0 324.1 9.5
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ProcessCharacteristics=>ei.l'?a.c _

• Gooddeviceswitchingtimes

• High integrationlevels

• Goodyields

• Reasonablepowerdissipation

• Dense,multilevel interconnect
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IntegrationLevel=:><t:il>C _

•

•

MCM delayaccountsfor 45% to 55%of total clock cycle

Areautilization considersgatetopologyandfanin/fanout

Comparison of 8x8 multipliers in three DCFL processes

Gate Metal Metal Metal
Total Total

Metal 1 2 3 Layout Routing
Area Area

ProcessA 1.00 1.00 1.00 1.00 1.00 1.00

ProcessB 0.90 0.60 0.50 0.28 0.49 0.21

ProcessC 0.50 0.97 1.11 1.43 0.97 0.82

Courtesyof Dick Oettel,CascadeDesignAutomation
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ｾ In_te_r_co_n_n_e_c_t_li_ec_h_n_o_lo_g_y _

Effect of gate delay and interconnect loading on critical
path performance
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II =:><f<0'(:}K M_em_o_ry_C_h_ar_a_c_t_en_O_st_ic_s _

•

•

Dense,power-efficientcaches

Leakagecurrentsin GaAsseveralordersof magnitudelarger
thanCMOS

No. of Bits I Column 32 64 128 256 512

NonnalizedSRAM Area 1.00 0.87 0.80 0.77 0.75

Cell AreaPercentageof TotalArea 70.6 81.6 88.4 92.1 93.8

SRAM cell power vs cell size for 3 different load devices
no
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GalliumArsenideCircuit Restrictions=>«KCi¥$C _
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•

•

•

•

High sourceresistance

Only NOR gates

High leakageat temperature

Schottkydiodegateslimit voltageswing

2 Input GaAsNOR Gate

ov
GaAsInverterTransferFunction •
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CAD Goals=>(11;<1;;;»<= _

• Designtime is important- automatewith CAD tools

• New technologiesare behindthe curve without comparable
CAD tools to thestatusquo (Si CMOS)
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OUf Solution:=><i:!t;'§PK _

• AdaptexistingSi basedCAD tools to DCFL

- Useexistingcommercialtoolswhenpossible

• Achievesomedegreeof technologyindependence

• Improveefficiencyof all designsteps
Systemlevel designtools

Synthesisfrom HDL descriptions

Verification

Statictiming analysis

Datapathlayoutoptimization
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3.2.6

DesignFlow 1

flj::{i1.c. Designspecification

Verilog

- Neted

• Verification
• Verify

• Translation- GaAsCompiler
• ChipVerilog - Verilog to Cascadenetlist

Routexpand- Netedto Cascadenetlist

• Physicaldesignenvironment
- GaAsversionof Chipcrafter

• Backtranslation
- Cascadeto Verilog

• Physicalverification

- Dracula- DRC, LVS

• Fabandtest
Advanced Computer Architecture Lab

Aurora 1
fic 7

&:AK -----------------------
• Singlechip CPU

MIPS instructionset- no byteops,MPY or DIVI

Full scanchain

2 phasenon-overlappingclock

• Testvehiclefor CAD toolsandtesting

• Designedby 6 graduatestudentsin about4 months
60,500transistors

12.2nunx 7.9 nun

282signal pins(344pin package)

11 W@ 2V

• Outof fab (VitessethroughMOSIS)December1991

• TestedJan- Mar 1991
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DesignFlow 2
］＾＼ｚｩＮ［［ｾ _

•

•

•

•

•

•

Systemdesign

• Cache-UM

Designspecification

- Verilog

Verification

-. Verify

Translation- GaAsCompiler

• ChipVeriiog - Verilog to Cascade netlist

Physicaldesignenvironment

GaAsversionof Chipcrafter

• Optimal latch placement on datapath

• Automatic delay calculation

Backtranslation

- Cascadeto Verilog

Advanced Computer Architecture Lab

:=>€='Df>C D_e_si_g_n_Fl_o_w_2_<_co_n_t_.) _

• Physicalverification

Dracula-ORe,LVS

• Fanout and beta ratio checking

• Clock phase and skew checking

• Statictiming analysis

• Prototype timing analyzer (TAN)

• Fabandtest
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Aurora2X;:';i'S!>C _

•

•

Comparisonof H-GaAsII andH-GaAsIII

Fanout
Propagation Delay (ps)

H-GaAs II H-GaAs III

1 80 68

2 120 103

3 160 144

MIPS R3000architecturesubset

5 stagepipeline

4 entry write buffer

32 word on-chipcache

3.2.8

• Prototypeconstruction
CPUandfour lK x 32bit SRAM
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Aurora2 (cont.)JCZ::17;,.C _

• Clocks
2 phasenon-overlapped

7 stagebuffer tree

400psskew

• Circuit solutions
Groundplane

Limited fan-in

NOR logic

• Mux-latch-buffercell
Integrates3 commonfunctions

Saves4 levelsof logic

37%of total chip instancecount

• I/O pads
GaAslECLprogrammable

AdvancedComputer Architecture Lab
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Prototype'System
］ ＾ ｴ Ａ Ｒ ﾷ Ｚ Ｌ ［ ｾ ＿ ｩ ｋ _

CPU

32 bit asynchronousMMU bus

4 CPUoperatingmodes

3 CPUrequests

•

•

•

• MMU servicesrequest,
suppliesdata

• CPUupdatescaches
usingnormalpipeline

• CPUstatemachinehandles
pipelinestall andrestart

• MMU built from PLDs

Cache -___. E3 §
mode

32-bit asynch
bus

MMU
Turbochannel

bus
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Critical Path
ｾ ｩ Ｄ ｆ ｃ _

• 36 gates
30%longerthannextmostcritical path

- No synthesizedlogic on critical path

• Removingcritical pathallowsa 260MHz clock

Advanced Computer Architecture Lab 18
3.2.9



Whatwe learned
］ ＾ ＼ ｴ ｾ ｦ ［ ｉ ［ Ａ ｋ _

•

•

•

LargeGaAsDCFL microprocessorchipsarepossible

Brancharchitectureis critical to performance

More attentionon minimizationof pathlength

More designtool supportneededfor 2 phasedesign

Bettersignalnamingconventions

Clock phasecheckingprogram(now complete)
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DensityImprovementoverAuroraI=><:':p';K _

19

•

•

•

50%dueto third routing layer

35%throughimprovedcircuit structures

15%from HGaAsIII processimprovement

3.2.10

HGaAsU HGaAsUI
Transistor Density Transistor Density .

Count (TransJmm2) Count (TransJmm2)

LargestControl Block 582 1067 516 1364

RegisterFile 21.910 2014 23.278 4253

CPU 60.500 540 160.000 1475
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DesignFlow 3=:XZL':,vlK _

•

•

•

•

•

Systemdesign

• Cache-UM
• Trace driven simulations for CPU & FPU decisions

• In-OS simulation

• Hardware monitoring

Designspecification

- Verilog

Verification

• Verify

Translationto layout-"GaAsCompiler"

EPOCH- CascadeDesignAutomation

• Optimal latch placement on datapath

Backtranslation

- Cascadeto Verilog
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=>C'!lj>iK D_e_si_g_n_Fl_o_w_3_C_co_n_t_.) _

• Functionalverification

- QuickturnEnterprisesystem(180K gatesystem)

• Physicalverification
Dracula- DRC,LVS

• Fanout and beta ratio checking

• Clock phase checking

• Statictiming analysis

• Prototype timing analyzer (TACTIC)

• Fabandtest

Advanced Computer Architecture Lab
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Aurora3

• Completechip set
CPU- 400MHz 500K transistors

FPU- 250MHz 300K transistors

MMU - 500Ktransistors

SRAM - 1K x 32 for 16KB datacache

• Status
Verilog modelsexecutesomeinstructions

Emulationof floating point functionsbegun

• CPU
2 executionunits, instructionfetch, load/storeunit

Reorderbuffer- preciseexceptions

High speedstreaminginterface

Decodedinstructioncache(2KB)

Branchprediction- cutcritical pathby 30%

Performance:simulationon SPECInt92 - CPI = 1.46

SPECfp92 - CPI= 1.25,270and>300with reorderedcode
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• Computer-aideddesign

CAD toolsareessentialif exotic technologiesareto compete

with Si

Logic synthesisandtiming toolsareworth anextrainstruction

issue

3.2.12

• GaAsDCFL
LargeDCFLchipspossible

Powerconsumptioncomparesto CMOSabove200MHz

Simpleprocessthatachievesspeeds onlymatchedby

advancedsubmicronSi

Advanced Computer ArchItecture Lab 24
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