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DDR Overview: Theory of Operation

» [Data capiured on boin clock edges
. [Data (DQ) driven source synchrenously: with stiobe (DAS)

. Proper seurce syne operation reguires twoe: conditions:
- [D@S positioned te: meet datarSetup/iHoeld requirements
- FFixed relationship: petween CK and DQS must be maintained

. DDRII Clock (CK)irange fiom 100N Hz te 200V Hz
- D@ 200Mps te/400Vbs

. DPR2 Clock (CK)irange fiom 200VHz te 400VHz
- D@ 400Mps te 600MbS
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DDR Ovenview: Theory. of Operation

. DDR1: 2.5V SSTIL
. DDR2: 1.8V SSTL
. SSHIL introduces;concept o AC and DC levels
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DDR Systemi Configurations

» DDRIE Oneito fol memory modules
» DIDRZ: One or Twoermemory modules

» Viemory Modules
- Regjstered and Unbuifered
- 410 16, memory device
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DDR2 Enhancements
Vioving beyend DDR1

. Jlechnology
- FBGA Package
- Reduced Supply Voltage (1.6V)
- Optional Differential DAS
- Impreved DINVINVIreuting Tlepolegies
- ImproveaiLeadiBalancing
- On=Die Termination (ODT)

« Increases number of combinations to simulate

- Slew-Rate Derating
= Modifies Setup/Hold requirements
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On-Die Tlermination

. D@, DV DQS signals only

+ Viemory: contrelleradelined
- Tiransfer by, transfer basis
- [Dependent oniloading conliguration

» Viultiple values: 50, 75,150, and ofit
. [Reduces PCB component .count

. SImplifies system implementation

.+ Increases analysisicomplexity
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Data Write: OB Configurations
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Data Read Configurations
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DDR2 |/OrButier Viodeling Challenges

Spice vs. IBIS

. SPICE models

- Accurate; allow for PVAF variation, over-clockable
= Slow simulationitime

. BIS models

- Can closely: maten SPICE moedels for‘accuracy
- [HIgher simulation/perionmance
- ViUltiple simulator stippert; readily availanie
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DOR2 I/O Buiter Viodeling Challenges

ODII Modeling in' IBIS

. Three options o ODIF medeling

- 6 separate 1=V cunes
= Normal [Pullup], [Pulldown], [POWER Clamp]iand [GND: Clamp] tables
= ODT |-Veeunves includedas [Submodel] tables
. [Submodel] usage creates portability issues

- Separate receive ODi-enabledimode!
= Reguires switching in of separate: model
= Increases complexity of simulation
- Separate simulations for every case

-~ 4=V eurve model with ©DIF enabled in receive mode

. Worksiwell, but makes: IBIS/[Pullup]iand [Pulldown] non-monotonic
= [his IsiOK because sum of [Pullup] and [Pulldown] with: Clamp curves isimonotonic
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DOR2 I/O Buiter Viodeling Challenges

ODT Modeling in IBIS'— Thevenin ODT approeach

5010 ODT model [GND! Clamp 90 O/0DTF moedel [POWER'Clamp]
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- ’ 1 File w7 _oatalbs, Modal QDTSR (Power clamp, Grolnd selates)
File u2T_oE0bs, Model COTS0 (BGraund clamp)
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DDR2 |/OrBufier Viodeling Challenges

ODI modeling in IBIS

[Pulldown] with 50 O ODT [Pullup] with 50 O ODT
characteristics subtracted characteristics subtracted
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File u2ta_50_odtibs, Modsl DG_FULL_SOCCT (Pulldéwn, Ground relstive) Fiie uZ7a_50_odtibs, Mada| D _FULL _S0GDT (Pullup, Ground ralafive)
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DDR2 |/OrBufier Viodeling Challenges

ODIF modeling in' IBIS

[Pulldown] combined with [* Clamp] [Pullup] combined with [* Clamp]
characteristics characteristics
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File: u27a_50_odtibs, Model DQ_FULL_SOODT (Puldown + Both Clangps) File u27a50_ontibe Model DO FULL_SA00T (Pl » Bath Clamps)
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Euture Considerations for IBIS
Slew-Rate [De-Rating| Tlables

Linear Line Approximation

Vih_AC (1.15v)

. Virtual Eye at Receiver
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ih_DC (1.025v)
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