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Simulation modelSimulation model: : 

Simulation Simulation ConditionsConditions
Simulation board file: Simulation board file: T99X171T00_005A.brdT99X171T00_005A.brd

Component IBIS / Spice Model Name Version / Provider

ControllerController S905x2_v1.ibsS905x2_v1.ibs AmlogicAmlogic

DRAMDRAM
i_k4a4g165we_bcxx_jan29.ibsi_k4a4g165we_bcxx_jan29.ibs SamsungSamsung

i_k4a8g165wci_k4a8g165wc--bcxx_jul04.ibsbcxx_jul04.ibs SamsungSamsung

Concerned factor Not concerned

PrePre--requisite:requisite: Stackup:Stackup:
Concerned factor Not concerned

XTALK XTALK Trace temperatureTrace temperature

TX drive strength & RX ODTTX drive strength & RX ODT Manufacture variationManufacture variation

Power SSN to SI effectsPower SSN to SI effects

Note: Note: 

1. The XTALK have include 1. The XTALK have include nets with coupled voltage nets with coupled voltage greater greater 

than 120mV,  and than 120mV,  and considered considered in waveform in waveform simulation simulation with with 

sensitive sensitive aggressors. aggressors. 

2. 2. The simulation are from dieThe simulation are from die--toto--die (include package) die (include package) resultsresults.  .  



JEDEC standard for DDR4 JEDEC standard for DDR4 

•• ADD and CMD AC/DC threshold :ADD and CMD AC/DC threshold :

DATA timing analysis : DATA timing analysis : 

tDtD(margin(margin) = [) = [tDtD -- Initial Delay Delta] Initial Delay Delta] –– [[tDtD(base) + d((base) + d(tDtD)        )        

ADD/CMD timing marginADD/CMD timing margin Setup timeSetup time Hold timeHold time

tDtD From simulationFrom simulation

Initial Delay DeltaInitial Delay Delta 66 66

tDtD(base), (base), Base Setup/Hold TimeBase Setup/Hold Time 5555 8080

d(d(tDtD), max ), max deratederate time deltatime delta 00 00

•• DATA timing analysis : DATA timing analysis : 

The The DQ input receiver compliance mask for voltage DQ input receiver compliance mask for voltage 

and timing is shown in the and timing is shown in the figure. figure. The receiver The receiver 

mask mask (Rx Mask) defines area the input signal must (Rx Mask) defines area the input signal must 

not encroach in order for the DRAM input receiver not encroach in order for the DRAM input receiver 

to be to be expected expected to be able to successfully capture a to be able to successfully capture a 

valid input signal; it is not the valid datavalid input signal; it is not the valid data--eye. eye. 



•• CK CK v.sv.s CA Write CA Write 

–– Simulation Waveform & Timing Margin AnalysisSimulation Waveform & Timing Margin Analysis

PostPost--Layout SimulationLayout Simulation

•• DQS DQS v.sv.s DQ Write DQ Write 

–– Simulation Waveform & Timing Simulation Waveform & Timing Margin AnalysisMargin Analysis–– Simulation Waveform & Timing Simulation Waveform & Timing Margin AnalysisMargin Analysis

•• DQS DQS v.sv.s DQ Read DQ Read 

–– Simulation Waveform & Timing Margin AnalysisSimulation Waveform & Timing Margin Analysis



VIH

VIL

U1 Driver U1 Driver �������� DDR U503 ReceivedDDR U503 Received @die:@die:

CLK vs. ADD, CMD, CTRLCLK vs. ADD, CMD, CTRL

ADD/CMD/CTRL ADD/CMD/CTRL Simulation Waveform(Simulation Waveform(typtyp))

U1 Driver U1 Driver �������� DDR U505 ReceivedDDR U505 Received @die:@die:

CLK vs. CLK vs. ADD, CMD, CTRLADD, CMD, CTRL

VIH

VIL

CLK_P/N

VIL

tIS tIH

CLK_P/N

tIS tIH

Note :Note :

The The purpose of this purpose of this simulation simulation is to verify that the time interval from the is to verify that the time interval from the address address or control (rising or falling or control (rising or falling 

edge) setup time to the associated edge) setup time to the associated clock clock crossing edge is within the conformance limits as specified in the crossing edge is within the conformance limits as specified in the 

JEDEC JEDEC SpecificationSpecification



VIH

VIL

U1 Driver U1 Driver �������� DDR U504 ReceivedDDR U504 Received @die:@die:

CLK vs. ADD, CMD, CTRLCLK vs. ADD, CMD, CTRL

ADD/CMD/CTRL ADD/CMD/CTRL Simulation Waveform(Simulation Waveform(typtyp))

U1 Driver U1 Driver �������� DDR U506 ReceivedDDR U506 Received @die:@die:

CLK vs. CLK vs. ADD, CMD, CTRLADD, CMD, CTRL

VIH

VIL

CLK_P/N

VIL

tIS tIH

Note :Note :

The The purpose of this purpose of this simulation simulation is to verify that the time interval from the is to verify that the time interval from the address address or control (rising or falling or control (rising or falling 

edge) setup time to the associated edge) setup time to the associated clock clock crossing edge is within the conformance limits as specified in the crossing edge is within the conformance limits as specified in the 

JEDEC JEDEC SpecificationSpecification

CLK_P/N

VIL

tIS tIH



CK CK vs. vs. ADD/CMD/CTRL Timing ADD/CMD/CTRL Timing BudgetBudget

@DDR U503@DDR U503

Setup Time Margin (Setup Time Margin (tIStIS)) Hold Hold Time Margin Time Margin ((tIHtIH))
Time [Time [psps]] Time [Time [psps]]

PassPass PassPass

NetsNets
NetsNets

Note:Note:

1.1. Based on CPU drive strength “Based on CPU drive strength “mal4drv20_d4_30mal4drv20_d4_30”, and DDR “”, and DDR “ADDR_PINADDR_PIN” on die termination.” on die termination.

2.2. Both Both setup/hold time margin should be positive and within specification limit to have enough margin in each nets setup/hold time margin should be positive and within specification limit to have enough margin in each nets 

for pass conditionfor pass condition..

Criteria

Fail

Criteria

Fail



CK CK vs. vs. ADD/CMD/CTRL Timing ADD/CMD/CTRL Timing BudgetBudget

@DDR U@DDR U505505

Setup Time Margin (Setup Time Margin (tIStIS)) Hold Hold Time Margin Time Margin ((tIHtIH))
Time [Time [psps]] Time [Time [psps]]

PassPass PassPass

Note:Note:

1.1. Based on CPU drive strength Based on CPU drive strength ““mal4drv20_d4_30mal4drv20_d4_30”, ”, and DDR and DDR ““ADDR_PINADDR_PIN” ” on die termination.on die termination.

2.2. Both Both setup/hold time margin should be positive and within specification limit to have enough margin in each nets setup/hold time margin should be positive and within specification limit to have enough margin in each nets 

for pass condition.for pass condition.

NetsNets NetsNets

Criteria

Fail

Criteria

Fail



CK CK vs. vs. ADD/CMD/CTRL Timing ADD/CMD/CTRL Timing BudgetBudget

@DDR U504@DDR U504

Setup Time Margin (Setup Time Margin (tIStIS)) Hold Hold Time Margin Time Margin ((tIHtIH))
Time [Time [psps]] Time [Time [psps]]

PassPass
PassPass

NetsNets NetsNets

Note:Note:

1.1. Based Based on CPU drive strength on CPU drive strength ““mal4drv20_d4_30mal4drv20_d4_30”, ”, and DDR and DDR ““ADDR_PINADDR_PIN” ” on die termination.on die termination.

2.2. Both Both setup/hold time margin should be positive and within specification limit to have enough margin in each nets setup/hold time margin should be positive and within specification limit to have enough margin in each nets 

for pass conditionfor pass condition..

Criteria

Fail

Criteria

Fail



CK CK vs. vs. ADD/CMD/CTRL Timing ADD/CMD/CTRL Timing BudgetBudget

@DDR U506@DDR U506

Setup Time Margin (Setup Time Margin (tIStIS)) Hold Hold Time Margin Time Margin ((tIHtIH))
Time [Time [psps]] Time [Time [psps]]

PassPass PassPass

Note:Note:

1.1. Based on CPU drive strength Based on CPU drive strength ““mal4drv20_d4_30mal4drv20_d4_30”, ”, and DDR and DDR ““ADDR_PINADDR_PIN” ” on die termination.on die termination.

2.2. Both setup/hold time margin should be positive and within specification limit to have enough margin in each nets Both setup/hold time margin should be positive and within specification limit to have enough margin in each nets 

for pass condition.for pass condition.

NetsNets NetsNets

Criteria

Fail

Criteria

Fail



•• CK CK v.sv.s CA Write CA Write 

–– Simulation Waveform & Timing Margin AnalysisSimulation Waveform & Timing Margin Analysis

PostPost--Layout SimulationLayout Simulation

•• DQS DQS v.sv.s DQ Write DQ Write 

–– Simulation Waveform & Timing Margin AnalysisSimulation Waveform & Timing Margin Analysis–– Simulation Waveform & Timing Margin AnalysisSimulation Waveform & Timing Margin Analysis

•• DQS DQS v.sv.s DQ Read DQ Read 

–– Simulation Waveform & Timing Margin AnalysisSimulation Waveform & Timing Margin Analysis



Data Write Simulation Data Write Simulation Waveform(Waveform(typtyp))

@DDR U503@DDR U503

DQS0 vs. DQ[0:7], DMASK0DQS0 vs. DQ[0:7], DMASK0 DQS1 vs. DQ[8:15], DMASK1DQS1 vs. DQ[8:15], DMASK1

NoteNote : : 

Data Rx mask voltage and timing total input valid window where Data Rx mask voltage and timing total input valid window where VdIVWVdIVW is centered around is centered around Vcent_DQVcent_DQ( ( 

midpoint) after midpoint) after VrefDQVrefDQ training is completed. These give the margin available at the receiver after taking into training is completed. These give the margin available at the receiver after taking into 

account the worst case eye location, the eyeaccount the worst case eye location, the eye--mask requirement, and the amount of output mask requirement, and the amount of output jitter/uncertainty.jitter/uncertainty.

DQS0_P/N

Min 

setup margin
Min

hold margin DQS1_P/N

Min 

setup margin

Min

hold margin



Data Write Simulation Data Write Simulation Waveform(Waveform(typtyp))

@DDR U@DDR U505505

DQS0 vs. DQ[0:7], DMASK0DQS0 vs. DQ[0:7], DMASK0 DQS1 vs. DQ[8:15], DMASK1DQS1 vs. DQ[8:15], DMASK1

NoteNote : : 

Data Rx mask voltage and timing total input valid window where Data Rx mask voltage and timing total input valid window where VdIVWVdIVW is centered around is centered around Vcent_DQVcent_DQ( ( 

midpoint) after midpoint) after VrefDQVrefDQ training is completed. These give the margin available at the receiver after taking into training is completed. These give the margin available at the receiver after taking into 

account the worst case eye location, the eyeaccount the worst case eye location, the eye--mask requirement, and the amount of output mask requirement, and the amount of output jitter/uncertainty.jitter/uncertainty.

DQS0_P/N

Min 

setup margin
Min

hold margin DQS1_P/N

Min 

setup margin

Min

hold margin



Data Write Simulation Data Write Simulation Waveform(Waveform(typtyp))

@DDR U504@DDR U504

DQS2 DQS2 vs. vs. DQ[16:23], DMASK2DQ[16:23], DMASK2 DQS3 vs. DQ[24:31], DMASK3DQS3 vs. DQ[24:31], DMASK3

NoteNote : : 

Data Rx mask voltage and timing total input valid window where Data Rx mask voltage and timing total input valid window where VdIVWVdIVW is centered around is centered around Vcent_DQVcent_DQ( ( 

midpoint) after midpoint) after VrefDQVrefDQ training is completed. These give the margin available at the receiver after taking into training is completed. These give the margin available at the receiver after taking into 

account the worst case eye location, the eyeaccount the worst case eye location, the eye--mask requirement, and the amount of output mask requirement, and the amount of output jitter/uncertainty.jitter/uncertainty.

DQS2_P/N

Min 

setup margin
Min

hold margin DQS3_P/N

Min 

setup margin

Min

hold margin



Data Write Simulation Data Write Simulation Waveform(Waveform(typtyp))

@DDR U506@DDR U506

DQS2 DQS2 vs. vs. DQ[16:23], DMASK2DQ[16:23], DMASK2 DQS3 vs. DQ[24:31], DMASK3DQS3 vs. DQ[24:31], DMASK3

NoteNote : : 

Data Rx mask voltage and timing total input valid window where Data Rx mask voltage and timing total input valid window where VdIVWVdIVW is centered around is centered around Vcent_DQVcent_DQ( ( 

midpoint) after midpoint) after VrefDQVrefDQ training is completed. These give the margin available at the receiver after taking into training is completed. These give the margin available at the receiver after taking into 

account the worst case eye location, the eyeaccount the worst case eye location, the eye--mask requirement, and the amount of output mask requirement, and the amount of output jitter/uncertainty.jitter/uncertainty.

DQS2_P/N

Min 

setup margin
Min

hold margin DQS3_P/N

Min 

setup margin

Min

hold margin



DQS vs. DQ Write DQS vs. DQ Write Timing Timing BudgetBudget

@U503 & U505@U503 & U505

Setup Time MarginSetup Time Margin Hold Hold Time Time MarginMarginTime [Time [psps]] Time [Time [psps]]
PassPass PassPass

NoteNote ::

1. Based 1. Based on on CPU CPU drive drive strength “strength “mal4drv27_d4_34mal4drv27_d4_34”, and ”, and DDR DDR ““DQ_ODT_60DQ_ODT_60” on die termination.” on die termination.

2. Both setup/hold time 2. Both setup/hold time margin should be within specification limit to have enough margin in each nets for pass margin should be within specification limit to have enough margin in each nets for pass 

condition.condition.

NetsNets NetsNets

U505U505U503U503 U505U505U503U503



DQS vs. DQ Write DQS vs. DQ Write Timing Timing BudgetBudget

@U504 & U506@U504 & U506

Setup Time MarginSetup Time Margin Hold Hold Time Time MarginMarginTime [Time [psps]] Time [Time [psps]]
PassPass PassPass

NoteNote ::

1. Based 1. Based on on CPU CPU drive drive strength “strength “mal4drv27_d4_34mal4drv27_d4_34”, and ”, and DDR DDR ““DQ_ODT_60DQ_ODT_60” on die termination.” on die termination.

2. Both setup/hold time 2. Both setup/hold time margin should be within specification limit to have enough margin in each nets for pass margin should be within specification limit to have enough margin in each nets for pass 

condition.condition.

NetsNets NetsNets

U506U506U504U504 U506U506U504U504



•• CK CK v.sv.s CA Write CA Write 

–– Simulation Waveform & Timing Margin AnalysisSimulation Waveform & Timing Margin Analysis

PostPost--Layout SimulationLayout Simulation

•• DQS DQS v.sv.s DQ Write DQ Write 

–– Simulation Waveform & Timing Simulation Waveform & Timing Margin AnalysisMargin Analysis–– Simulation Waveform & Timing Simulation Waveform & Timing Margin AnalysisMargin Analysis

•• DQS DQS v.sv.s DQ Read DQ Read 

–– Simulation Waveform & Timing Margin AnalysisSimulation Waveform & Timing Margin Analysis



Data Data Read Read Simulation Simulation Waveform(Waveform(typtyp))

@DDR U503@DDR U503

DQS0 DQS0 vs. DQ[0:7vs. DQ[0:7]] DQS1 vs. DQ[8:15DQS1 vs. DQ[8:15]]

NoteNote : : 

Data Rx mask voltage and timing total input valid window where Data Rx mask voltage and timing total input valid window where VdIVWVdIVW is centered around is centered around Vcent_DQVcent_DQ( midpoint) ( midpoint) 

after after VrefDQVrefDQ training is completed. These give the margin available at the receiver after taking into account the training is completed. These give the margin available at the receiver after taking into account the 

worst case eye location, the eyeworst case eye location, the eye--mask requirement, and the amount of output mask requirement, and the amount of output jitter/uncertainty.jitter/uncertainty.

Min 

setup margin
Min

hold margin

DQS0_P/N after shift

DQS0_P/N before shift Min 

setup margin

Min

hold margin

DQS1_P/N after shift

DQS1_P/N before shift



Data Data Read Read Simulation Simulation Waveform(Waveform(typtyp))

@DDR U505@DDR U505

DQS0 DQS0 vs. DQ[0:7vs. DQ[0:7]] DQS1 vs. DQ[8:15DQS1 vs. DQ[8:15]]

NoteNote : : 

Data Rx mask voltage and timing total input valid window where Data Rx mask voltage and timing total input valid window where VdIVWVdIVW is centered around is centered around Vcent_DQVcent_DQ( midpoint) ( midpoint) 

after after VrefDQVrefDQ training is completed. These give the margin available at the receiver after taking into account the training is completed. These give the margin available at the receiver after taking into account the 

worst case eye location, the eyeworst case eye location, the eye--mask requirement, and the amount of output mask requirement, and the amount of output jitter/uncertainty.jitter/uncertainty.

Min 

setup margin

Min

hold margin

DQS1_P/N after shift

DQS1_P/N before shift Min 

setup margin
Min

hold margin

DQS1_P/N after shift

DQS1_P/N before shift



Data Data Read Read Simulation Simulation Waveform(Waveform(typtyp))

@DDR U504@DDR U504

DQS0 DQS0 vs. DQ[0:7vs. DQ[0:7]] DQS1 vs. DQ[8:15DQS1 vs. DQ[8:15]]

NoteNote : : 

Data Rx mask voltage and timing total input valid window where Data Rx mask voltage and timing total input valid window where VdIVWVdIVW is centered around is centered around Vcent_DQVcent_DQ( midpoint) ( midpoint) 

after after VrefDQVrefDQ training is completed. These give the margin available at the receiver after taking into account the training is completed. These give the margin available at the receiver after taking into account the 

worst case eye location, the eyeworst case eye location, the eye--mask requirement, and the amount of output mask requirement, and the amount of output jitter/uncertainty.jitter/uncertainty.

Min 

setup margin
Min

hold margin

DQS1_P/N after shift

DQS1_P/N before shift
Min 

setup margin
Min

hold margin

DQS1_P/N after shift

DQS1_P/N before shift



Data Data Read Read Simulation Simulation Waveform(Waveform(typtyp))

@DDR U506@DDR U506

DQS0 DQS0 vs. DQ[0:7vs. DQ[0:7]] DQS1 vs. DQ[8:15DQS1 vs. DQ[8:15]]

NoteNote : : 

Data Rx mask voltage and timing total input valid window where Data Rx mask voltage and timing total input valid window where VdIVWVdIVW is centered around is centered around Vcent_DQVcent_DQ( midpoint) ( midpoint) 

after after VrefDQVrefDQ training is completed. These give the margin available at the receiver after taking into account the training is completed. These give the margin available at the receiver after taking into account the 

worst case eye location, the eyeworst case eye location, the eye--mask requirement, and the amount of output mask requirement, and the amount of output jitter/uncertainty.jitter/uncertainty.

Min 

setup margin

Min

hold margin

DQS1_P/N after shift

DQS1_P/N before shift
Min 

setup margin

Min

hold margin

DQS1_P/N after shift

DQS1_P/N before shift



DQS vs. DQ Read DQS vs. DQ Read Timing Timing BudgetBudget

@U503 & U505@U503 & U505

Setup Time MarginSetup Time Margin Hold Hold Time Time MarginMarginTime [Time [psps]]
PassPass

Time [Time [psps]]
PassPass

NoteNote ::

11. Based on DRAM drive strength “. Based on DRAM drive strength “DQ_RONDQ_RON3434_ODT_OFF_ODT_OFF”, and CPU “”, and CPU “malmal44drvdrv2727_d_d44__6060” on die termination.” on die termination.

22. All setup/hold . All setup/hold time margin should be positive and within specification limit to have enough margin in each nets for pass time margin should be positive and within specification limit to have enough margin in each nets for pass 

condition.condition.

NetsNets NetsNets

U505U505U503U503 U505U505U503U503



DQS vs. DQ Read DQS vs. DQ Read Timing Timing BudgetBudget

@U504 & U506@U504 & U506

Setup Time MarginSetup Time Margin Hold Hold Time Time MarginMarginTime [Time [psps]]
PassPass

Time [Time [psps]]
PassPass

NoteNote ::

11. Based on DRAM drive strength “. Based on DRAM drive strength “DQ_RONDQ_RON3434_ODT_OFF_ODT_OFF”, and CPU “”, and CPU “malmal44drvdrv2727_d_d44__6060” on die termination.” on die termination.

22. All setup/hold . All setup/hold time margin should be positive and within specification limit to have enough margin in each nets for pass time margin should be positive and within specification limit to have enough margin in each nets for pass 

condition.condition.

NetsNets NetsNets

U506U506U504U504 U506U506U504U504



ConclusionConclusion

11. The ADD/CMD timing simulation . The ADD/CMD timing simulation result show enough budget of time margin for pass conditionresult show enough budget of time margin for pass condition..

22. The Data simulation . The Data simulation result show enough budget of time margin for pass condition.result show enough budget of time margin for pass condition.

Summary Table of IC Buffers Selector:Summary Table of IC Buffers Selector:

The simulation result :The simulation result :

Write Setting(CPUWrite Setting(CPU→→DRAM)DRAM)

ComponentComponent ProviderProvider TypeType ModelModel

CPU CPU QualcommQualcomm

CLKCLK mal4drv20_d4_30mal4drv20_d4_30

ADD/CMDADD/CMD mal4drv20_d4_30mal4drv20_d4_30

DQSDQS mal4drv27_d4_34mal4drv27_d4_34

DQDQ mal4drv27_d4_34mal4drv27_d4_34DQDQ mal4drv27_d4_34mal4drv27_d4_34

DRAM DRAM MicronMicron

CLKCLK CLOCK_PINCLOCK_PIN

ADD/CMDADD/CMD ADDR_PINADDR_PIN

DQSDQS DQ_ODT_60DQ_ODT_60

DQDQ DQ_ODT_60DQ_ODT_60

Read Setting(CPURead Setting(CPU→→DRAM)DRAM)

CPUCPU QualcommQualcomm
DQSDQS mal4drv27_d4_60mal4drv27_d4_60

DQDQ mal4drv27_d4_60mal4drv27_d4_60

DRAMDRAM MicronMicron
DQSDQS DQ_RON34_ODT_OFFDQ_RON34_ODT_OFF

DQDQ DQ_RON34_ODT_OFFDQ_RON34_ODT_OFF


