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Design Goals

• Fastestcompletesystemfor $150,000

• Single-boardprocessor

• Highly integratedVLSI chip set

• I/O andmemorycommensuratewith processor

• Compatiblewith user-levelR2000instructionset
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RC6280 Performance / Expansibility
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• 50 VUPS (VAX Units of Perfonnance)@ 60 MHz

• 9 doubleprecisionLinpackmegaflops(compiled)

• 240megabytes/sec(peak)backplanebandwidth

• oneto six VME busses

• 1 gigabytemainmemorywith 4 megabitchips
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RC6280 Architectural Features

• Two level cache

• 36-bitphysicaladdress

• R2000instructionsetwith enhancements
• Load/Storedoublefloating-point
• Synchronization(load-locked,store-conditional)
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CPU Board Placement
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Technology Overview
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• ECL VLSI usingstandardcell designmethodology

• Small, fastECL gatearraysfor VLSI to cacheinterconnect

• 8 ns4Kx4 and16Kx4primarycacheRAMs (ECL, BiCMOS)

• 15 ns64Kxl secondarycacheRAMs (BiCMOS)

• All componentsdesignedfor air-coolingat 400LFM (45° Crise)

• VLSI devicespackagedin 259-pinceramicPGAs

• lOOK temperaturecompensatedsignallevels

• Buried tenninationresistorsto reducestubsat PGAs
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R6000 Chip Set

• four VLSI chips-- CPU,FPC,FMPY, Bus

• tightly coupledCPU/FPCinterface

• systembuscompletelydermedby Buschip

• on-chipaddresstranslationandcachecontrol
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R6000 Chip Set Physical Parameters

R6000 R6010 R6020
CPU FPC Bus

die size(mm) 9.9xlO.l 9.9x9.6 9.4x9.6
power 23W 20W 20W

transistorcount 89K 88K 91K
resistorcount 54K 54K 66K

numberof cells 4468 4238 4002

signalpins 184 173 155

packagepins 259 259 259
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Cache Organization

• two-levelcache(64K I, 16K D, 512K Secondary)

• separateprimarycaches,combinedsecondarycache

• virtually indexedprimary,physicallyindexedsecondary

• virtual tagson bothcaches

• on-chipTLB slice, in-cachefull TLB

• entiredesignrequiresonly six banksof RAM
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Processor Block Diagram
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Primary Caches

• Primaryinstructioncache
• directmapped
• 8-wordline size
• refill -- 10cyclesandrestart

• Primarydatacache
• write-through
• 2-wordline size
• refill -- 1 cycleandrestart

• Virtual addressesandvirtual tags(includingPID)

• Sharedtag -- pretestmechanism
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Secondary Cache

• 512Kbytes- 2 Megabytes

• two-waysetassociative

• physicaladdresses,virtual tags(includingPill)

• 32-wordline size

• write-back

• two cycle accessto eachside

• ping-pongfor block transfersat oneword percycle

• refill -- 65 to 80 cycles
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Secondary Cache Lines

BankO Bank 1

Word 0

Word 1

Word 2

Word 3

Word 4

Word 5

Word 31

Set 0 Set 1

Set 1 Set 0

Set 0 Set 1

Set 1 Set 0

Set 0 Set 1

Set 1 Set 0

ｾ
Set 1 Set 0
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Address Translation

• no translationto primarycaches

• physicalindex to secondarycacheis simplerfor OS
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• 6-bit wideTLB slicesin CPU--separateinstructionanddata

• TLB andphysicaltagsheld in reservedportionof secondary
cache

• full-width TLB readonly aftersecondarycachemiss
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Virtual PN

virtual tag

hit/miss

tlb

slice

data

physjcal
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address

cache
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PID virtual page number
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Primary PID

Cache

Secondary
Cache
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SecondaryCacheOrganization

Bank0 Bank 1

60K

2K

2K

DATA DATA

TI..B TI..B

PhysicalTags PhysicalTags
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SecondaryCacheMiss Sequence

• detectvirtual miss

• readTLB entry

• checkfor TLB miss

• checkfor TLB slicemiss
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• readphysicaltags-- comparewith TLB entry
to detectphysicalhit
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RC6280 Performance:
SPEC Rating - 42.5 SPECmarks
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Future Directions

• Fastertransistors

• Smallermetalandvia pitches

• More layersof metal

• Lowercapacitance

• Multiple voltages(GND, -5, -2)

• Higherpower

Slide23
August20. 1990

Singlechip CPU/FPU

Widerdatapathsto cache

Highly integratedcaches

Deeperpipeline

Multiple instructionissue
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