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““Any sufficiently advanced technologyAny sufficiently advanced technology
is indistinguishable from magic.is indistinguishable from magic.””

Arthur C. ClarkeArthur C. Clarke
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Driven by market factorsDriven by market factors

7 year technology projections7 year technology projections

Minimum changes to achieve next goalMinimum changes to achieve next goal
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DDR Family TimelinesDDR Family Timelines
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GenerationsGenerations
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Many Applications,

Many Configurations
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Terminology: Module TypesTerminology: Module Types

DIMM = Dual Inline Memory ModuleDIMM = Dual Inline Memory Module
UDIMMUDIMM = = UnbufferedUnbuffered
Address bus and clocks connected Address bus and clocks connected 
directly to DRAMsdirectly to DRAMs

RDIMMRDIMM = Registered= Registered
Address bus and clock Address bus and clock redrivenredriven to to 
DRAMsDRAMs

FBFB--DIMMDIMM = Fully Buffered= Fully Buffered
Address and data buses Address and data buses packetizedpacketized and and 
redrivenredriven to to DRAMsDRAMs
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Opportunities By Market SegmentOpportunities By Market Segment

DDR3 16b-SO-DIMM, 32b-SO-DIMMPeripherals

DDR3 Mini-DIMMTelecomm

DDR3 VLP RDIMMBlade

DDR3 RDIMM, FB-DIMMServer

DDR3 RDIMMWorkstation

DDR3 UDIMMDesktop

DDR3 SO-DIMM, Micro-DIMMPortable
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PC Market: Unified RoadmapPC Market: Unified Roadmap

2006 2007

Desktop PC

Notebook PC

Subnotebook PC

DDR2-800 UDIMM

DDR2-800 SO-DIMM

DDR2-800 Micro-DIMM

DDR3-1066 UDIMM

DDR3-1066 SO-DIMM

DDR3-1066 Micro-DIMM

2008
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2006 2007 2008

HE Server

Mid Server

LE Server

DDR2-400
RDIMM

Fragmented Server RoadmapFragmented Server Roadmap

HPC DDR2-533
UDIMM

DDR2-667
UDIMM

DDR3-1066
UDIMM or RDIMM

DDR2-400
RDIMM

DDR2-400
RDIMM

DDR3-1066
RDIMM

DDR3-1066
RDIMM

DDR2-533
FB-DIMM/RDIMM

DDR2-667
FB-DIMM/RDIMM

DDR3-800
FB-DIMM/RDIMM

DDR2-533
FB-DIMM/RDIMM

DDR2-667
FB-DIMM/RDIMM

DDR2-533
FB-DIMM/RDIMM

DDR2-667
FB-DIMM/RDIMM

May never happen
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Router & NetworkingRouter & Networking

2005 2006 2007

High End 
Routers

DDR1
RDIMM

DDR2
Mini-RDIMM

Split between those that need ECC and Split between those that need ECC and 
those that donthose that don’’t need ECCt need ECC

DDR3
Mini-RDIMM

Low End
Routers

DDR1
SO-DIMM

DDR2
SO-DIMM

DDR3
SO-DIMM
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PeripheralsPeripherals

2005 2006 2007

Peripherals DDR1 32b-
DIMM

DDR1 16b-
SO-DIMM

DDR2 16b-
SO-DIMM

Devices that need smaller granularityDevices that need smaller granularity

Small footprint is desirableSmall footprint is desirable

Common pinout for DDR1/2/3 and 16/32 bitsCommon pinout for DDR1/2/3 and 16/32 bits

DDR2 32b-
SO-DIMM
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2 Slots per Channel for2 Slots per Channel for
UnbufferedUnbuffered or Registeredor Registered

DDR3 Dual channel CPU
memory controller

Original plan was for one slot per channel, 2 ranks per slot

Updated plan for two slots per channel, 2-4 ranks per slot
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DDR2 Unbuffered ModulesDDR2 Unbuffered Modules

UDIMM, SOUDIMM, SO--DIMM, MicroDIMM, Micro--DIMMDIMM
Balanced tree topologyBalanced tree topology
Many board layers often neededMany board layers often needed

Minimal skew 
between bytes

Address, Command

Data
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DDR3 Unbuffered ModulesDDR3 Unbuffered Modules

UDIMM, SOUDIMM, SO--DIMM, MicroDIMM, Micro--DIMMDIMM
Performance to 1.6Gbps per pinPerformance to 1.6Gbps per pin
FlyFly--by buses with controller deby buses with controller de--skewskew

VTT

Skew 
trained 

out at init

Address, Command, 
Clocks

Data
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DDR3 RDIMM InsideDDR3 RDIMM Inside--Out FlyOut Fly--ByBy

VTTVTT

Support for 2 ranks (36 DRAMs) and
4 ranks (72 DRAMs) – VLP enabled

Reduced 
Skew

Integrated
Register/PLL
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Registering Clock DriverRegistering Clock Driver
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DDR3 Register Programmable FeaturesDDR3 Register Programmable Features

Separate drive strength by signal groupSeparate drive strength by signal group
ClockClock
AddressAddress
ControlControl

4 rank support designed in4 rank support designed in
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When Does RDIMM Enter Desktop?When Does RDIMM Enter Desktop?

2 slot/channel requirement complicated 2 slot/channel requirement complicated 
the UDIMM design, may cap performancethe UDIMM design, may cap performance

VTTVTTVTT

At some frequency, transition to RDIMM At some frequency, transition to RDIMM 
may be requiredmay be required
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Motivation for FBMotivation for FB--DIMMDIMM

As speeds 
increase, the 

number of 
RDIMMs per 

channel 
decreaseSpeed

Sl
ot

s

RDIMM

FB-DIMM FB-DIMM 
supports 4 slots 
per channel at 

any speed
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Fully Buffered DIMMFully Buffered DIMM

Solves stub bus timing challengesSolves stub bus timing challenges
4 DIMMs per channel4 DIMMs per channel
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AMB too hot

What Went Wrong?What Went Wrong?

Latency limited # slots to 4 per channel

Register cheaper than AMB

RDIMM @ 2 slot per channel
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Form Factor WarsForm Factor Wars

1.21.2”” (30mm) standard chosen in 1999 based on 1U (30mm) standard chosen in 1999 based on 1U 
server market projectionsserver market projections

But, market fragmentingBut, market fragmenting

OEMs OEMs ““demanddemand”” one size fits all one size fits all …… but but ……
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Advanced Telecommunications Advanced Telecommunications 
Computing ArchitectureComputing Architecture

see http://picmg.org
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Blade Server, 1.2Blade Server, 1.2”” ModuleModule
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Blade Server, VLP & ATCA DIMMBlade Server, VLP & ATCA DIMM

Angled Socket

Vertical Socket

7,000 mm2 =
60% Reduction!
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VLP & ATCA Form FactorVLP & ATCA Form Factor

133.35 mm 
(5.25”)

18.75 mm
(0.74”)
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Advanced Mezzanine CardAdvanced Mezzanine Card

Standard for telecom bladesStandard for telecom blades
Airflow bottom to topAirflow bottom to top
Memory module at front edgeMemory module at front edge
Needs smaller Needs smaller DIMMsDIMMs

AIR

Part of ATCA spec
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MiniMini--RDIMM Form FactorRDIMM Form Factor

82mm versus 133mm = 
40% reduction in size 

versus full size RDIMM

A-bus B-busInside-out fly-by 
topology like RDIMM
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Modules for PeripheralsModules for Peripherals

16 & 32 bits wide16 & 32 bits wide
1 to 4 1 to 4 DRAMsDRAMs typicaltypical
144 pin, 67.6 x 30 mm144 pin, 67.6 x 30 mm
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SummarySummary

DDR3: an evolutionary step up from DDR2DDR3: an evolutionary step up from DDR2
One size does not fit allOne size does not fit all
MarketMarket--specific module form factorsspecific module form factors
Some interesting uncertaintiesSome interesting uncertainties

FBFB--DIMM or RDIMM?DIMM or RDIMM?
RDIMM or UDIMM?RDIMM or UDIMM?
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Thank youThank you

Questions?Questions?


