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nn Delivering complete solutionsDelivering complete solutions
nn Providing evolutionary roadmapsProviding evolutionary roadmaps
nn Driving new technologiesDriving new technologies
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RDRAM Sweeps SDRAMRDRAM Sweeps SDRAM
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Source: Rambus Inc., 2001
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Results of Cost ReductionResults of Cost Reduction

4 layer motherboards 4 layer motherboards shippingshipping
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PC Bandwidth Needs IncreasingPC Bandwidth Needs Increasing

Projected 2x increase in 3 yearsProjected 2x increase in 3 years
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Bandwidth Brings Software to LifeBandwidth Brings Software to Life
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Server TrendsServer Trends

x86 High Densityx86 High Density
Blade ServersBlade Servers

High Performance ServersHigh Performance Servers
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Speeding-up CommunicationsSpeeding-up Communications

Gigabit Ethernet
Network Processors

Gigabit Switch/Routers

Quality of Service

Look up Tables

Packet BuffersWire-speed routing

Serial Links

RDRAM

OC768

OC192

OC48 RaSer

Line Cards
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Line Rate Speeds IncreasingLine Rate Speeds Increasing
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Serial Links Need High BandwidthSerial Links Need High Bandwidth
Serial link bandwidth =Serial link bandwidth =

2-4x line rate2-4x line rate

Line I/OLine I/O
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Serial Links Need High BandwidthSerial Links Need High Bandwidth
Serial link bandwidth =Serial link bandwidth =
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RaSerRaSerTMTM Serial Link Roadmap Serial Link Roadmap



RaSerRaSer Serial Link Roadmap Serial Link Roadmap

Uses QRSLUses QRSL
Multi-LevelMulti-Level
SignalingSignaling

TechnologyTechnology



High Bandwidth RDRAM NeededHigh Bandwidth RDRAM Needed
Memory bandwidth =Memory bandwidth =

2-4x line rate2-4x line rate

Line I/OLine I/O



High Bandwidth RDRAM NeededHigh Bandwidth RDRAM Needed
Memory bandwidth =Memory bandwidth =

2-4x line rate2-4x line rate



High Bandwidth RDRAM NeededHigh Bandwidth RDRAM Needed
Memory bandwidth =Memory bandwidth =

2-4x line rate2-4x line rate



RDRAM RDRAM is Lowest is Lowest PincountPincount and and
Smallest FootprintSmallest Footprint
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RDRAM: At the Heart of the DigitalRDRAM: At the Heart of the Digital
ExperienceExperience
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3D Games Driving Game Console3D Games Driving Game Console
Memory PerformanceMemory Performance

Game console bandwidth
requirements

 increase by 10x every 5 years

Game console bandwidthGame console bandwidth
requirementsrequirements

 increase by 10x every 5 years increase by 10x every 5 years

Game console bandwidth
approaching 30 GB/sec in

2005

Game console bandwidthGame console bandwidth
approaching 30 GB/sec inapproaching 30 GB/sec in

20052005



AgendaAgenda

nn WelcomeWelcome
nn Making the right connectionsMaking the right connections

nn ComputersComputers
nn CommunicationsCommunications
nn Consumer electronicsConsumer electronics

nn Introducing YellowstoneIntroducing Yellowstone



Yellowstone: A Quantum Leap inYellowstone: A Quantum Leap in
Memory Signaling TechnologyMemory Signaling Technology

RDRAM

Yellowstone



DRSL: Differential RSLDRSL: Differential RSL

nn Bi-directional differentialBi-directional differential
nn Ultra low 200mV swingUltra low 200mV swing
nn On-chip terminationOn-chip termination

50Ω

50Ω

1.2v

1.0v
 3.2GHz

data



Ultra Low Voltage SignalingUltra Low Voltage Signaling

LVTTL 3.3V

 RSL 0.8V

SSTL 2.5V

DRSL 0.2V



ODR: Octal Data RateODR: Octal Data Rate

400MHz 
system clock

 3.2GHz data

1.6GHz 
on-chip clock



Double Data Rate Signaling (DDR)Double Data Rate Signaling (DDR)

SystemSystem
ClockClock

SampleSample
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2 bits per clock2 bits per clock



Quad Data Rate Signaling (QRSL)Quad Data Rate Signaling (QRSL)
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Octal Data Rate Signaling (ODR)Octal Data Rate Signaling (ODR)

SystemSystem
ClockClock

ODR is 8 bits per clockODR is 8 bits per clock

SampleSample
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3.2GHz DRAM PLL Operation3.2GHz DRAM PLL Operation

nn Yellowstone PLLYellowstone PLL
fully functionalfully functional

nn VCO operationalVCO operational
nn Very low jitterVery low jitter

(~30ps) on(~30ps) on
sample clocksample clock



Low Cost SignalingLow Cost Signaling

nn Uses industry standard componentsUses industry standard components
nn Cheap 4-layer PCBsCheap 4-layer PCBs
nn Existing commodity packagingExisting commodity packaging

nn Tailored for low cost systemsTailored for low cost systems
nn Reduces pin-count and footprintReduces pin-count and footprint
nn Supports commodity DRAM coresSupports commodity DRAM cores
nn Eliminates termination resistorsEliminates termination resistors



Yellowstone: A Quantum Leap inYellowstone: A Quantum Leap in
Memory SignalingMemory Signaling

nn 3.2GHz data rate with roadmap to3.2GHz data rate with roadmap to
6.4GHz6.4GHz

nn Applies the latest Rambus innovationsApplies the latest Rambus innovations
nn DRSL - Differential RSL signalingDRSL - Differential RSL signaling
nn ODR - Octal Data RateODR - Octal Data Rate

nn Ideal for consumer electronics andIdeal for consumer electronics and
communicationscommunications
nn Applicable to computing platforms in the futureApplicable to computing platforms in the future



Yellowstone Q&A SessionYellowstone Q&A Session

nn Hosted by Laura Fleming, VPHosted by Laura Fleming, VP
nn 11:00 A.M. following Sony Keynote11:00 A.M. following Sony Keynote
nn San Jose Conference RoomSan Jose Conference Room



SummarySummary

nn RDRAM: Pure PerformanceRDRAM: Pure Performance
nn RaSerRaSer: Serial Link Leadership: Serial Link Leadership
nn Yellowstone: Quantum LeapYellowstone: Quantum Leap

Thank you!Thank you!




