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Simulation Conditions

® Simulation board file: 7199x171T00_005A.brd
e Simulation model:

Component IBIS / Spice Model Name Version / Provider
Controller S905x2_vl.ibs Amlogic
i_k4adgle5we_bcxx_jan29.ibs Samsung
DRAM : : :
i_k4a8gl165wc-bcxx_julO4.ibs Samsung
® Pre-requisite:
9 e Stackup:
Concerned factor Not concerned
Thickness Test Width | 20
N T U . E :
XTALK Trace temperature rver tame "e s mis mis | ohm
DIE_DM Diglectic | Solder Mask 04 42
TX drive strength & RX ODT Manufacture variation TOP Metal Signal 18 [<Auos] 399 55
DIE_003 Dielectic | Substrate 32 | 391
Power SSN to Sl effects MIDT_L2_ Metal Plane 12 “Autos 16 h63
DIE_005 Diclectic | Substrate ) 135
MIDZ_L3_ Metal Signal 12 |<Autos| 399 55
] DIE_007 Dielectic | Substrate 157 | 33
Note: MID3_L4_ Metal Plane 12 | <huto> 16 264
1. The XTALK have include nets with coupled voltage greater DIE_003 Dielectric | Substrate 4 3.35
. . . . . MID4_L5_ Metal Plane 1.2 Ao 16 28
than 120mV, and considered in waveform simulation with DIE_ 011 Diclectic | Substais 13 301
sensitive aggressors. BOTTOM Metal Signal 1.8 <futos 3599 b5
DIE_013 Diglectic | Solder Mask 04 42

2. The simulation are from die-to-die (include package) results.
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JEDEC standard for DDR4

« ADD and CMD AC/DC threshold :

DDR4-1600/1866/2133/2400
Symbol Parameter
Min. Max.

ViH.ca(DCT5) DC input logic high Vrerca+ 0.075 VoD
ViLca(DCT5) DC input logic low Vss WRrerca-0.075
ViH.ca(AC100) AC input logic high VrRer+ 0.1 Note 2
ViLca(AC100) AC input logic low Note 2 Vrer-0.1
Vrerca(DC) Reference Voltage for ADD, CMD inputs 0.49"Vop 0.51"VoD

* DATA timing analysis :
The DQ input receiver compliance mask for voltage

and timing is shown in the figure. The receiver

mask (Rx Mask) defines area the input signal must
not encroach in order for the DRAM input receiver
to be expected to be able to successfully capture a

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

tD(margin) = [tD - Initial Delay Delta] — [tD(base) + d(tD)

ADD/CMD timing margin Setup time Hold time
tD From simulation
Initial Delay Delta 6 6
tD(base), Base Setup/Hold Time 55 80
d(tD), max derate time delta 0 0

1600/1866/2133 2400
Symbol Parameter = = Unit
min max min max
ValVW Rx Mask voltage - pk-pk 138 130 my
o 02 .
TdIvVw Rx timing window 0.2 Ul
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Post-Layout Simulation

e CKv.s CA Write

— Simulation Waveform & Timing Margin Analysis

e DQS v.s DQ Write

— Simulation Waveform & Timing Margin Analysis

e DQS v.s DQ Read

— Simulation Waveform & Timing Margin Analysis
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ADD/CMD/CTRL Simulation Waveform(typ)

U1 Driver = DDR U503 Received @die: U1 Driver - DDR U505 Received @die:
CLK vs. ADD, CMD, CTRL CLK vs. ADD, CMD, CTRL

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

edge) setup time to the associated clock crossing edge is within the conformance limits as specified in the
JEDEC Specification
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ADD/CMD/CTRL Simulation Waveform(typ)

U1 Driver = DDR U504 Received @die: U1 Driver - DDR U506 Received @die:
CLK vs. ADD, CMD, CTRL CLK vs. ADD, CMD, CTRL

ertical: 5p0 mY{div| offset: -G00mY
Harizontal: 100 psfdiv [delay: 2.100nsec

-Aw- abeyga

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

edge) setup time to the associated clock crossing edge is within the conformance limits as specified in the
JEDEC Specification
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Time [ps]

CK vs. ADD/CMD/CTRL Timing Budget

Setup Time Margin (tIS)

@DDR U503
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Time [ps]
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1. Based on CPU drive strength “mal4drv20_d4_30”, and DDR “ADDR_PIN” on die termination.
2. Both setup/hold time margin should be positive and within specification limit to have enough margin in each nets
for pass condition.
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CK vs. ADD/CMD/CTRL Timing Budget
@DDR U505

Setup Time Margin (tIS)

Time [ps]

Pass| * A
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0 Nets
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Note:
.

Time [ps]

£, 5§

Hold Time Margin (tIH)

Pass

Fail

A

700
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500
400
—Typ
Hold time crite
300
y \/\/\_/\/\/.\/\
Criteria —
100
o Nets
“““““““““““““““
S DO DA D DO LD DX DAL LOR
QQ‘YQQ‘Y%?Q-?% Tefefale Y’}’QQ"YQQ“YQQ"Y%?VQ%YQ%YQ%YQ%YQ%?Q*%Z?@ &
FFFFTIFTI TSI s

1. Based on CPU drive strength “mal4drv20_d4_30", and DDR “ADDR_PIN” on die termination.
2. Both setup/hold time margin should be positive and within specification limit to have enough margin in each nets
for pass condition.
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CK vs. ADD/CMD/CTRL Timing Budget
@DDR U504

Setup Time Margin (tIS)
Time [ps]

Pass,

500

. A

AN A A /
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—Typ

Setup time criteria

Note:

£, 5§

Hold Time Margin (tIH)

Time [ps]

Pass SmA

700
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400
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Hold time criteria

REAVANRA- Ve

Criteria

Fail *
0 -+ T T T T T

/////

1. Based on CPU drive strength “mal4drv20_d4_30”, and DDR “ADDR_PIN” on die termination.
2. Both setup/hold time margin should be positive and within specification limit to have enough margin in each nets

for pass condition.

h FOXCOnn°



Time [ps]

CK vs. ADD/CMD/CTRL Timing Budget
@DDR U506

Setup Time Margin (tIS)

Pass GOOA
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100

Fail

—Typ

Setup time criteria

Note:

Time [ps]

£, 5§

Hold Time Margin (tIH)

Pass | A

700

600

500

400

—Typ

Hold time criteria

300

m\/\/\_/\/\/\-/\

Criteria

Nets

1. Based on CPU drive strength “mal4drv20_d4_30", and DDR “ADDR_PIN” on die termination.
2. Both setup/hold time margin should be positive and within specification limit to have enough margin in each nets
for pass condition.
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Post-Layout Simulation

e CKv.s CA Write

— Simulation Waveform & Timing Margin Analysis

e DQS v.s DQ Write

— Simulation Waveform & Timing Margin Analysis

e DQS v.s DQ Read

— Simulation Waveform & Timing Margin Analysis
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DQSO0 vs. DQ[0:7], DMASKO DQS1 vs. DQ[8:15], DMASK1
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Data Write Simulation Waveform(typ)
@DDR U503

ertic I 200 mVfdiv offs t l]l]
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Note :
Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ(

midpoint) after VrefDQ training is completed. These give the margin available at the receiver after taking into
account the worst case eye location, the eye-mask requirement, and the amount of output jitter/uncertainty.
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Data Write Simulation Waveform(typ)
@DDR U505

DQSO0 vs. DQ[0:7], DMASKO DQS1 vs. DQ[8:15], DMASK1

\.1enica|: 200 m¥idiv bffset: 0.0
Horizontal: 5 psidiv delay: 0.000n
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Note :
Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ(

midpoint) after VrefDQ training is completed. These give the margin available at the receiver after taking into
account the worst case eye location, the eye-mask requirement, and the amount of output jitter/uncertainty.
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Data Write Simulation Waveform(typ)
@DDR U504

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

ertical: 200 m¥}ldiv offset: 0.0
rizontal: 60 ps{div d

lay: 0.000ns

00.00 150.00 200.00 250.00 300.00 350.00 400.00
Time (ps

100.00 150.00 200.00 250.00 300.00 350.00 400.00
Time (ps

Note :

Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ(
midpoint) after VrefDQ training is completed. These give the margin available at the receiver after taking into
account the worst case eye location, the eye-mask requirement, and the amount of output jitter/uncertainty.
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Data Write Simulation Waveform(typ)

DQS2 vs. DQ[16:23], DMASK2
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Note :

@DDR U506

DQS3 vs. DQ[24:31], DMASK3

Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ(
midpoint) after VrefDQ training is completed. These give the margin available at the receiver after taking into
account the worst case eye location, the eye-mask requirement, and the amount of output jitter/uncertainty.
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T_60" on die termination.

DQS vs. DQ Write Timing Budget
@U503 & U505
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2. Both setup/hold time margin should be within specification limit to have enough margin in each nets for pass

condition.
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1. Based on CPU drive strength “mal4drv27
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T_60" on die termination.
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2. Both setup/hold time margin should be within specification limit to have enough margin in each nets for pass

condition.
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1. Based on CPU drive strength “mal4drv27
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Post-Layout Simulation

e CKv.s CA Write

— Simulation Waveform & Timing Margin Analysis

e DQS v.s DQ Write

— Simulation Waveform & Timing Margin Analysis

e DQS v.s DQ Read

— Simulation Waveform & Timing Margin Analysis
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DQSO0 vs. DQ[0:7]
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Note :

Data Read Simulation Waveform(typ)

@DDR U503

-pw- abeyop

DQS1 vs. DQ[8:15]

400.00 450.00

Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ( midpoint)
after VrefDQ training is completed. These give the margin available at the receiver after taking into account the
worst case eye location, the eye-mask requirement, and the amount of output jitter/uncertainty.
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Data Read Simulation Waveform(typ)
@DDR U505

DQSO0 vs. DQ[0:7] DQS1 vs. DQ[8:15]
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Note :

Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ( midpoint)
after VrefDQ training is completed. These give the margin available at the receiver after taking into account the
worst case eye location, the eye-mask requirement, and the amount of output jitter/uncertainty.
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Data Read Simulation Waveform(typ)
@DDR U504

DQSO0 vs. DQ[0:7] DQS1 vs. DQ[8:15]

Vertl aI 5I]I] m .-'dlv oﬂs t 0. I]m\r' Vertigal: 500 m¥ldiv Euﬂs et: 0.0mY
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Note :
Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ( midpoint)

after VrefDQ training is completed. These give the margin available at the receiver after taking into account the
worst case eye location, the eye-mask requirement, and the amount of output jitter/uncertainty.
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Data Read Simulation Waveform(typ)
@DDR U506

DQSO0 vs. DQ[0:7] DQS1 vs. DQ[8:15]
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Note :
Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ( midpoint)

after VrefDQ training is completed. These give the margin available at the receiver after taking into account the
worst case eye location, the eye-mask requirement, and the amount of output jitter/uncertainty.
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DQS vs. DQ Read Timing Budget

Setup Time Margin

@U503 & U505
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Note :

1. Based on DRAM drive strength “DQ_RON34_ODT_OFF”, and CPU “mal4drv27_d4_60" on die termination.
2. All setup/hold time margin should be positive and within specification limit to have enough margin in each nets for pass

condition.
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Hold Time Margin
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DQS vs. DQ Read Timing Budget
@U504 & U506
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4 ODT_OFF”, and CPU “mal4drv27_d4_60" on die termination.

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

1. Based on DRAM drive strength “DQ_RON3
condition.

Note
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Conclusion
} The simulation result :

1. The ADD/CMD timing simulation result show enough budget of time margin for pass condition.
2. The Data simulation result show enough budget of time margin for pass condition.

} Summary Table of IC Buffers Selector:

CLK mal4drv20_d4_30
ADD/CMD mal4drv20_d4_30
CPU Qualcomm
DQS malddrv27_d4 34
DQ mal4drv27_d4_34
CLK CLOCK_PIN
ADD/CMD ADDR_PIN
DRAM Micron
DQS DQ_ODT_60
DQ DQ_ODT_60
DQS malddrv27_d4_60
CPU Qualcomm
DQ mal4drv27_d4_60
DQS DQ_RON34_ODT_OFF
DRAM Micron
DQ DQ_RON34_ODT_OFF
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