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» To validate design performance on one of the first DDR4-3200 FPGA memory controllers as well
as verify whether the design's electrical performance meets the JEDEC specifications through
power aware simulations and measurements. These power aware simulations will look at the
effects of SSN/SSO while including the effects of probe loading and a memory component
interposer that is present during the measurement.

» This effort will look at EM extracted models from a 3D solver and show considerations to
properly simulate with these models. While concluding with actual measurement correlation
being done on the same simulated DDR4-3200 model.
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= Big Data Evolution

= Background on Interposers

» Measurement Setup with Interposer

» DDR4-3200 Measurement Results

= Simulation Setup

= Simulation Results

= DDRS5 Channel Reflections and DFE Considerations
= DDR5 Golden Channel

= Next Steps

= Conclusion

= Questions
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* The era of “Big Data”

» Global “Big Data” consumption increased 5000% between 2010 and
2020

= Data usage increased from 1.2 trillion GB to ~60 trillion GB

= By 2025, estimated that over 463 Exabytes (463,000 Petabytes) of
data created each day (212,765,957 DVDs)

» Memory bandwidth continues performance scaling to meet
requirements of the next-generation data center, loT, and other high-
speed applications

Source: The Evolution of Big Data

13 H LH] H
* Increased pressure from “Big Data” means Sl engineers need to hitps.//www.qubole. com/blog/big-data-evolution/

ensure high-speed memory designs will work
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Measurement Platform

XILINX VCK190

= Xilinx Versal ACAP

= Validate DDR4-3200 Speed

= Hardened integrated DDR Memory Controller
(DDRMC) + soft memory interface IP options

= AXI Traffic Generator used to exercise memory IP
in both simulation and post-synthesis for hardware
analysis

Source: Xilinx.com

DesignConeza MW
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» Parallel single-ended signaling always suffers from Simultaneous Switching Noise (SSN)

o On Die and on package power delivery is never perfect, and will introduce VDD/GND dips/bounces that will be seen on the signals, as
the driver is supplied by VDD and GND

o Single ended push/pull drivers will cause a significant % where any impedance (usually defined by inductance) will cause noise on the
voltage rail that supplies a set of e. g. 11 output drivers (8* DQ, 1*DM/DBI, 2*DQS)

« Differential interfaces (e. g. CML) usually are loading the power rails with more DC like current

» Itis not just switching all TX outputs (SSO), but also when receiving and terminating many parallel
signals this can introduce significant on-die noise, potentially disturbing internal circuitry.

» Experience shows, that quite often the Controller package is the limiting factor, as it is difficult to
provide low inductive power planes, as an example:

o 11 signals per byte lane (DQ/DM/DQS) * 9-byte lanes * 2 channels = 198 output drivers that might switch
in parallel!

DesicnCon'Ezr
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Pl Modeling requires [Composite
Current], [ISSO PU], [ISSO PD], & IBIS

» Simultaneous switching output noise, in single-ended ISS on-die decoupling circuit model
signaling, is one of the major performance limiters as data-
rates scale higher This is defined in the IBIS Model

= Output drivers are major contributors of noise in the system

o Power Supply noise and current profile are important in SSO simulations

\
E re-driver l ‘ f | POWER Clamp
= Latest generation DDR4 and next-generation DDR5 solutions, h S (oL 5
simulations need to include SSN, and therefore power-aware Sl L by voa R
simulation modeling is necessary. :
‘ " "~ GND Clamp
J 1 l VL Zﬁ
I_byp ‘ C_p+b I_pre I_cb J

» Today’s Sl engineers need to be able to do both Sl and Pl when
it comes to modeling DDR interfaces

L_GND [—R_GND

s @]
Source: ibis.org GND
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= BGA component interposer for signal access

= Interposer model EyeKnowHow Interposer

Solder Pad for Target DRAM Embedded

o 2-or 4-port for simulation loading

Scope Probe SMD Resistor Scope port

o 3- or 6-port for oscilloscope de-embedding /

» Probing side includes series resistor to — o -
minimize reflections %7 - 0.7\ L e

o Different types of active scope probes will react differently

(e.g. due to the change of source impedance of the DUT) D Campapent

DIMM De-embedding port
o Dependent on the type of probe a modification of the input

. . . . Source: EyeKnowHow.de
resistors is required (see next slide)

DesicnConeza
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Measurement Setup with Interposer

Modified resistors on RT-ZMA14 J

probe to be 230 Q
a 100 Q embedded resistor

[ EyeKnowHow interposer has

On interposer
single-ended DQ
signal return
connects to “-”

P> RT-ZMA14 probe
P> RT-ZMA14 probe
RT-ZMA14 probe

230 Ohm .

Clock

On interposer,
single-ended DQ

“u,n

Interposer

Source: “Deembedding of DDR Interposer” by Guido Schulze, April 2020 Rohde & Schwarz
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Measurement Setup with Interposer

INTERPOSER PROBE SETUP WITH UDIMM

Micron R/C A2
UDIMM
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Provided from R&S

. : DQS Interposer

De-embedding DQS requires g Customized RT-ZM probe F)scilloscope
2 models (red arrows) probe tip file input channel

sap a S4P

Provided from EKH

EyeKnowHow Interposer

Solder Pad for
Scope Probe

/

SMD Component

Embedded

Target BRAM SMD Resistor Scope port

What is being de-embedded during measurement

De-embedding port

DIMM

Provided from EKH Provided from R&S

szlp4:‘
De-embedding DQ requires mm - Customized RT-ZM probe PSCllloscope
KM probe tip file g input channel

3 models (blue arrows) Short.S2P
Interposer S4P S Short.S2p

Source: “Deembedding of DDR Interposer” by Guido Schulze, April 2020 Rohde & Schwarz
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*Both measurement results shown are without Probe Loading

I BY DE-EMBEDDING THE CORRECT EYE SHAPE CAN BE CAPTURED DURING MEASUREMENT! I

Rising/Falling edges are slower | e v

mm Diagraml: C1,C3,581 X DQ1:Eyel X

2022-01-0%
20:18:00

20220121
20:34:47

oved - EKH Interposer and ZMA12 Probe Deembedded -D@1: Eyel X

T mmmjmmmﬁmﬂﬂm;f L

o)

INTERPOSER NOT DE-EMBEDDED I I INTERPOSER DE-EMBEDDED

DesicnConezm [N
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Measurement Setup with Interposer

MEASUREMENT PLATFORM WITH R&S RTP164 SCOPE

= R&S RTP164 16GHz BW Oscilloscope
» RT-ZM160 — 16GHz Modular Probe

* RT-ZMA14 Probe Tip (modified w/230Q resistor)

DesicnConezm [N
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Eye Width and Eye Height Measurements

» R&S RTP164 and Keysight PathWave Memory Designer use the same equations to calculate Eye
Width and Eye Height

Eye Width = (tz -3 0'2) - (tl +3- 0'1)

Eye Height = (Levell -3 aLEVELl) - (LevelO +3- O-LEVELZ)

One level 40-60% Region
histogram ;
mean |
|
4
= Upper half
gl
2 = @
-amplitude ==
<| 8
AR
j‘ - _ y # -t
T-”:::::::::"“ | == — - | Lower half
n

; it : Zero level ® L T I
N—Eye Width -y\ histogram | .o
PN f mean

SOURCE: http://literature.cdn.keysight.com/litweb/pdf/5989-9453EN. pdf

. o
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*Results shown are exact same measurement with and without
Probe Loading

Eye Height: 376 mV
Eye Width: 222 ps

Eye Height: 326 mV
Eye Width: 223 ps

Probe loading reduces
signal amplitude by 13%

2022:0121
20:30:11

376.28 m
22271 ps

Wl

Probe Loading Included Probe Loading Removed

DesignConez A
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Average Eye Height: 348 mV
Average Eye Width: 228 ps

*Multiple measurements captured. Lowest, Medium
and Highest Eye Height result was averaged

Eye Height: 315 mV
Eye Width: 226 ps

PELE R R

DesicnCon'Ezr
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Eye Height: 354 mV
Eye Width: 226 ps

Eye Height: 376 mV
Eye Width: 232 ps

20220121
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DAQ[7-0] + DMO + DQSO

i DQI15:8] + DM1 + DQS1
SRR i
iy

DQ{31:24] + DM3 + DQS3
DQI47:40] + DM5 + DQSS

DQI63:56] + DMT + DQST

MICRON DRAM IBIS Model: z11b.ibs #

SDRAM MPN: MT40A1G8SA

SI ONLY - DDR4-3200 WRITE - DQ[63:0] + DM[7:0] + DQS[7:0]

Simulation Settings
= DDR4-3200 Speed Grade

DQ[23:16] + DM2 + DQS2

MICRON DDR4 UDIMM R/C A2
8GB 288-pin

Xilinx Versal VCK190

=  Pattern: 64-bit PRBS pattern Xl versal IS Modsl | __VCK150 PCB

Printed Circuit Board

Printed Circuit Board

across all 64 data bits

= SIM Duration: 1.3usec = 4160 bits |
aCross t h eC h anne | SRR 7 wooi ke MTABATF1GE4AZ-3G2

R/C A2 UDIMM PCB
Custom s202p Model

= Transient time step = 20ps R e e

DQ[39:32] + DM4 + DQS4

Memory Probe

DesicnCon'Ezr
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= SIPro used to create EM extracted models for Sl nets

o ALL 8-byte lanes for DQ, DM, DQS nets were co-extracted
together, on the VCK190 and UDIMM PCBs, to account for the N —
net-to-net coupling =

Xilinx VCK190 PCB Stack-up

= PIPro used to create EM extracted models for PDN
on VCK190 and UDIMM

UDIMM PC4-3200 R/C A2 PCB

e Stack-u
= All EM extracted models were fully passive and only - . p
some models had minor causality violations - D
= VCK190 PCB stack-up total thickness is 70.98 mil . e
o 18 total layers T
= UDIMM R/C A2 PCB stack-up total thickness is 1.442

mm (meets JEDEC UDIMM standard for thickness)

o 8totallayers
NOTE: JEDEC UDIMM standard thicknessis 1.4 +/-0.1 mm without solder mask

DesicnCon'Ezr
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DDR4 Connector Model All Byte Lanes and CLK - DO[T1-0] + DM[2:0] + DQS[8:0] + CLKO

= Amphenol provides 12-port SG & 24-port SS
touchstone models for DDR4 288-pin DIMM
connector

o 202-port custom model generated for 9-byte lanes with CLK

= A limitation is simulated crosstalk between byte
lanes is limited at the connector to only signals
within 12-port SG and 24-port SS model.

Urused ports are teminated TS L, TR

Subset of
SMT_110224677_v4_SG11_woren.s24p

SMT_110224677_v4_SG11 woren.s12p

DesicnConeza
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Simulation Settings

= DDR4-3200 Speed Grade

= Pattern: 64-bit PRBS pattern across
all 64 data bits

= SIM Duration: 1.3usec = 4160 bits
across the channel

Transient time step = 20ps

DesicnCon'Ezr
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POWER AWARE S| - DDR4-3200 WRITE - DQ[63:0] + DM[7:0] + DQS[7:0]

Xilinx Versal VCK190
Xilinx Versal IB1S Mode!
PKG: VSVA2187

8GB 288-pin

VCK190 PCB

Printed Circuit Board Printed Circuit Board

MICRON DDR4 UDIMM R/C A2

Q0] + DM + DAS0

DO{23:18] + DM2 + DOS2

g

MME&;

R/C A2 UDIMM PCB
Custom s202p Model

DDR4 Connector 288-pin
Amphenol MPN: 10124677

Marmory Probe

0000

VRM + Xilinx VCK190 PDN
+ MICRON UDIMM PDN

Memory Pre-Layout

“2 MTABATF1GB4AZ-3G2

DQ[30:32] + DM4 + DOS4.

o
‘{‘2
®
o
o
o
8

DO[47:40] + DMS + DASE

DQ[55:48] + DME + DASE

[

A
L

MICRON DRAM IBIS Model: z11b.ibs
SDRAM MPN: MT40A1G8SA

. 9
g \ g
¥ = &
|

s

3

5

o

g
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Simulation Model Setup

=  Omicron Lab Bode 100

= Picotest P2102A-1X 2-port Probe

" Picotest J2102B Common Mode Transformer
= Picotest PDN Cable — BNC-BNC 0.25m

= DUT - Infineon PS5401 EVAL Kit

(
PS5401 VRM Spice Fitted Model Infineon PS5401 VRM Ou% 180 mQ peak @55kHZ
. 2E-1 = -

~lS
2 R2 2 1E-1
R1 L=305.2 nH ‘[ R=610 mOhm J LT::: =
R=0.0845 R= SRLCT 2=50 Ohm % +
SRC1 E R=5 mOhm g SRLC3 SRLCH 238
R=0316 Ohm : L=0T4 nH SRLC2 R=0.041 Ohm R=2.64 mObm =9
: o §oter LEREA | G2 § Lame Pl
00 n T4 Y i@
D-:whgz'sH R=200 uChms Pl - C=10.95 uF os 1E-2—
l mﬂg
I
83
SRC2 ==
2§ e Fitted VRM Spice Model
='s Itte pice iviode
e ez
< =
= Measured VRM
eas | .
Measured_VRM_Model=mag(Z(1,1)) 1E T I T I ]
s VRS_Finied_Spica_Modal=mag(2(2.2)) 1E2 1E3 1E4 1E5 1E6 1E7  4ET
Stan=100 Hz
g::g;‘“ e freq, Hz

DesicnConezm [N
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VCK190 - VRM U175 . ~ VCK190 PDN UDIMM CONN R/C A2 UDIMM FDN To SDRAMSs

! | i‘ el ey R | Bep e e T
| gt = = I e [l I - | e e -

= e e

- I marp— — —
5 s = —F]
— ! J——{i| :|_'_|. — e l-——._ 5
™ - v — =t B —
ES "5
e w2 - ——
To VERSAL | ° E=T=y et
re Murata spice me ) | il e N L - r
2 1 thiu measurement ) - = - It
3 W ........... - ——t
5 - |_'|—" —

2197 PKG, banks 700, 701, 702 VERSAL PACKAGE

= All capacitor models are Murata spice models
=  \ersal VCCO PKG Model included for banks 700, 701, 702 — used for DDR4

=  UDIMM Connector model includes 26 VDD pins to ensure accurate spreading inductance
= UDIMM connector model is assumed to include GND losses

DES’GNCONM ‘.‘ -w‘v APRIL 5 - 7, 2022 #DesignCOn 23 @ informamarkets

WHERE THE CHIP MEETS THE BOARD




PDN - VCK190 with R/C A2 UDIMM - Looking from Versal Die

5E-1

-1
-
Lo

MAX IMPEDANCE PEAK 85 mQ @ 11kHz 7

S - treq=11.07 kHz
(| TN Z PDN_VERSAL_die=85.27 m

- Versal PKG m3 Peak
m2 freq=5.395 MHz

Z PDN_VERSAL_die=14.70 m
Peak

m3
“ freq=66.68 MHz
VCK190 PDN l%él;EN_VERSAL_dIe—S'I 94 m

1E-2—

Z PDN_VERSAL_die

1E-3—

1E2 1E3 1E4 1ES 1E6 1E7 1E8 1E9

freq, Hz

DesicnCon'Ezr
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» |n Versal IBIS model, capacitance per power pin (AJ42, AT43, AV39) are all about 50 pF, which is unusually high for the C_pkg

Versal XCVC1902 PKG VCCO 700, 701, 702 Impedance, VRM Side Shorted ZOOMED IN VIEW
. . . 4E-1 i 4E-1 m&
Durlng DDR4 write CyC|e there is voo e Lpkg_700 = 570.960 pH
Y I S “oil=
~440 pF/DQ/DM/DQS available o Cdie = 17609 nF 835 Lpkg_701/= 805,801 pH
225 ., | Rdie=7.918 mOhm 282 | Lpkg_702=797.780 pH
11 111
558 558
'\Il\lr‘l I\Ihll\l
1 0Q0 000
[GRS 18] [GXSNS]
Caie = 53— w22 288, 1
l‘e - EI_IEI EI_IEI BEiZ
2nfXc
>>> (o] >>> gE2
I I I I I I 5E2 I
1E3 1E4 1E5 1E6 1E7 1E8 1E9 1E10 1E7 1E8 2E8
freq, Hz freq, Hz
From Micron IBIS/HSPICE Model Quality Report: Z11B As a comparison Micron SDRAM MPN:

VDDQ/VS5(Q Decoupling Capacitance (Approximate value at 10MHz) - Full Die: 6.7nF MT40A1G8SA provides 304.4 pF/ DQ/ DM/ DQS

Included in HSPICE DQ/DQS/DM models? Yes Amount per DQ/DQS/DM model: 304.4pF

Ensures a reasonable amount of on-die decoupling has been included in Memory CTL to support SSO

u I
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Background on ODT Levels

oDT
* On-Die Termination (ODT) for reducing reflections from discontinuities }

Source: micron.com

(_channel ]
= Source (driver) + Load — voltage divider network with pseudo-open drain —

ODT =40 ohms ODT =80 ohms ODT =120 ohms ODT = 240 ohms

0DT34 0oDT48 0DTE0 0DT240 0DT34 oDT48 oDTeo 0ODT240 0DT34 0DT48 0DT80 0DT240 0DT34 QDT48 0DTE0 QDT240

Rl | - — i T

L e e e \"‘lé‘---;‘--“\‘-H‘g--‘-éw‘w SR e e | L e

1 3 T

oDT40 oDTB0 0DT120
batchNumber

2 3 4 5 6
0ODT40 0DT60 oDT120
batchNumber

2 3 4 5 6
oDT40 oDT80 0DT120
batchNumber

2 4 5 6
oDT40 0DT60 0oDT120
batchNumber

08

06

04—

~ e N

= Y U T T
00 625 1250/ 075 2500 3125 3750 4375 5000 5625 6250

Eye Density and Mask @ DQ49 of U7 SDRAM

02

Eye Density and Mask @ DQ48 of U7 SDRAM
Eye Density and Mask @ DQ49 of U7 SDRAM
Eye Density and Mask @ DQ48 of U7 SDRAM

time, psec

. b P o ‘HV S| g 3
L T — L L S ! T — ! T | A IR A
00 625 12 2500 3125 3750 4375 5000 5625 6250 00 625 125, 2200 21227 31007 1300/, 00.) 0626), 225, 00 625 125 5 2500 3125 3750 4375 5000 5625 6250
time, psec time, psec time, psec
LEVELO= 0.65V LEVELO= 0.4V LEVELO= 0.3V

DesicnConezm [N
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Background on ODT Levels

* During measurement Versal register settings reported ODT = 40Q

DDR4 POD Configuration % 1

VDDQ = 1.2V T T g

Versal DRV = R,y = 40Q) Aj([ % oo i

ODT = 40Q L e |:> 3

VX pvero = 0.6V g E% i

LEVELD A{E)N (et ?; “uc 825 1D WPS 200 N2 IO 4TS WA 25 KD
vSource: micron.com e L
Ron
Vx = VDDQ -
LEVELO RON n ODT
Measurement with Xilinx Versal during DDR4 write shows Vx =~400 mV

For simulation correlation to measurement a minimum ODT setting of 80Q is required
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Results shown with optimized eye Micron DQ49 -

Interposer DQ1

using ODT = 80Q) e

Versal distributed SP model
included

SDRAM IBIS model v2.4
=  DRAM PKG model not included

DQ49 on Interposer at SDRAM (U7)

0.2 T T

1.3us duration, 20ps time step

0.0 625 1250 187.5 250.0 3125 3750 437.5 500.0 562.5 625.0fM

time, psec
)
Measurement ...emory_Probe.EyeWidth
'H EyeWidth 256.2 p
‘ Measurement ...mory_Probe.EyeHeight
EyeHeight 301.0m

ER ER WEm

PROBE POINT [ 5|

DesionConea PV o o .00

e Diagran: (13581 X Probe Loading Removed X nerpaserand ZMAT2ProbeDeembedded -0 ye! X [
] |

| |
| |

s B o
Average Eye Height: 348 mV u

Average Eye Width: 228 ps

Simulation Summary:

Bit Sequence = 64bit random
CONT_ODT =40 Ohm
DRAM_ODT = 80 Ohm
Controller pkg model = S-Para
DRAM pkg model = no

PWR Aware Sim = No

Ideal PWR Supply = Yes

Result shown is with Versal S-parameter Distributed PKG Model
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= Results are shown with optimized 3 Micron DQA49 - Interposer DQ1
eye using ODT = 80Q v

= Versal sparse matrix PKG model
included

= SDRAM IBIS model v2.4
=  DRAM PKG model not included

S Disgran C1,C581 X Probe LoadingRemoved -EXH nteposer and ZMAT2 Proe Deembedded -0Q1:ye! X [N
' |
|
|

1 iy ‘-‘ywz‘-»w:1‘4-\63@'”'““%!“:M;

DQ49 on Interposer at SDRAM (U7)

[ I
02 | | 1.3‘us durat‘lon, ZUF‘IStIme s‘atep | | | s o 2 R ——

00 625 1250 187.5 250.0 3125 3750 437.5 500.0 562.5 625.00. Average Eye Height; 348 mV -
time, psec o
Average Eye Width: 228 ps
Measurement ...emory_Probe .EyeWidth
; Simulation S :
EyeWIdth 265.6 p B:thue:LIJ%rr]lceuTgn4abri‘{ random
CONT_ODT =40 Ohm
- DRAM_ODT = 80 Oh
Measurement ...mory_Probe.EyeHeight Controller pkg modelr2x0\m1902_vsva2197
R DRAM pkg model = no
EyeHeight 339.0m PWR Aware Sim = No
Ideal PWR Supply = Yes

13% (38 mV) increase in Eye Height by using Versal Sparse Matrix PKG Model

DesicnCon'Ezr
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Results are shown with optimized Micron DQ49 -

Interposer DQ1

eye using ODT = 80Q
Versal sparse matrix PKG model
included

SDRAM IBIS model v2.8.2
=  DRAM PKG model not included

DQ49\on Interposer at SDRAM (UT)

S Disgran: 1 C3581 X Probe ouding maved - EXH ikspates and IMAT] Pote Desrbedded -0G1: e % [N

= = = 1.31s durafion, 20ps time step 2]
LevelO point Is lower in measurement 02 I I | I I I I I I = "ﬁl“" “‘E" e L O
. . 0.0 625 1250 1875 2500 3125 3750 4375 500.0 5625 625.0558 Avera e E e Hel ht 348 mv
vs. simulation e, psec ge tye Helg
: Average Eye Width: 228 ps
Measurement _.emory_Probe EyeWidth
i Simulation Si :
EyeWidth 2656 p E:gﬁu-?:%?::gﬁ{ random
- DRAM_ODT= 80 Ohnljn
Measurement __mory_Probe EyeHeight Bg‘m"‘ollir pkgg\cldel xeve1902_vsva2197
mogel no
EyeHeight 341.0m PWR Aware Sim = No
Keal PWR Supply = Yes

DesionConema PV o o o0n

#DesignCon

0.6% (2 mV) increase in Eye Height when using newer DRAM ibis model v2.8.2
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Micron DQA49 - Interposer DQ1

14 S igramC1,CR1 X P oudig RsmevedEEH tspate nd IMATPote Dssbedded -001: 6yl X [

TYP SLOW FAST

82.3Q 92.80Q 71.8Q
*Provided by Micron

Eye Width is 15.7% (36 ps) larger
than Average measurement

gt iif ik

DQ49 on Interposer at SDRAM (UT)

! -
0.2 | 1.3|J5 durafion, 20ps time sl-.tep | F S e L umglw__ L _w‘m PR

[ I [ I [ ==ah
0.0 625 1250 1875 2500 3125 3750 437.5 500.0 5625 625.0[8 Average Eye Height: 348 m 5.

time, psec .
. . . [ ) Average Eye Width: 228 ps
1.8% (6 mV) increase in Eye Height [ WVeasurement —emory_Probe Eyewidin | A P
. EveWwidth 264.1 Simulation Summary:
with SLOW DRAM IBIS CORNER i o Bit Sequence ~ 640t random
— DRAM_ODT = 80 Ohm
e Measurement _.mory_Probe EyeH eight Controller pkg model = xcvel 902_veva2197
R DRAM pkg model = z11b 2.8.2 no package slowcomer
EyeHeight 3470m PWR Aware Sim = No
H Keal PWR Supply= Yes

PROBE POINT = eg

=
=
. Eye Height is 0.3% (1 mV) lower than Average measurement with no injected jitter

DesicnCon'Ezr
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BEST
RESULT

-_— —

Micron DQ49 - Interposer DQ1

= Results shown with optimized eye using ODT =
80Q
= Versal sparse matrix PKG model included
. SDRAM IBIS model v2.8.2
. DRAM PKG model not included

= MEMCTLRJ=0.36ps,P)=234ps @

DQ49 on Interposer at SDRAM (U7)

200MHz ; ,
i i o ns auration, s time sie ' : . . '
Re W'ﬂt';:: —Zfrifa? : :Il::;fer e s e s e s ke oh e wlo o Average Eye Height: 348 mV [
8 u time, psec Average Eye Width: 228 ps
Eye Height is 9.4% (33 mV) lower than Meastrement --emory_Probe. EyeWidth Bi Sequence - i rancom
—_— EyeWidth 2344p Controller TxRj in ps fg'aagga

. . ps = 23
uency in MHz = 200.000

LevelO is higher ;-
in simulation =
—i- ey em== —211b 2.8.2 no package
PWR Aware Sim = No
Ideal PWR Supply = Yes

Average measurement

Measurement ...mory_Probe.EyeHeight

m
el = xcve 1902 _vsva2197

EyeHeight 316.0 m

& Eye Width correlates to Measurement! The SDRAM ODT model prevented
5 us from matching Eye Height measurement with injected Jitter.

PROBE POINT o §

DesicnCon'ezrr
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Measurement model includes SSN
from SSO

= Results are shown with optimized eye Micron DQ49 - Interposer DQ1
using ODT = 80Q he
=  Versal distributed SP model included

" SDRAM IBIS model v2.8.2
= DRAM PKG model not included

0

= Diagrami: C1,C3581 X Probe Loading Removed - EKH Interpaser and ZMA12 Probe Deembedded -DQ1: Eyel X |
| |

B

DQ49 on Interposer at SDRAM (U7)

. s Z0psimessp g | Average Eye Height: 348 mv |__
Eye Width is 12% (28 ps) |arger than 00 625 1250 187.5 2500 3125 3750 4375 500.0 562.5 625.0/M Average Eye Width: 228 ps :
i
Average measurement p— - |
Measurement _.emory_Probe.EyeWidth Bt Sequence = B4bY random
EyeWidth 256.2 p §22§:8ii§?£§ Ej i b= @numerbibs
. Coorthlg_gl'D_F(: J‘Jeg#;ncy in MHz = @ TxJitter_Pj_freq
Measurement ...mory_Probe.EyeHeight gmmﬁgﬂ;rﬁgﬂ s-Para
EyeHeight 296.0 m ERARMAE’I"";;“;%?I:?EZ
Ideal PWR Supply = No
15% (52 mV) decrease in Eye Height 6.3% (20 mV) decrease in Eye Height
vs. Average Measurement vs. Sl only result Jitter

DesicnCon'Ezr
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Simulation Model Results

POWER AWARE S| RESULTS

=  Power Aware S| Model includes 64 bits switching in PRBS pattern

Very little ripple voltage seen where Almost no noise seen at 3.2 Very little SSN superimposed on

1184 1.190

0.4

E
) L2
WVCK190 1.2V Voltage VCK190 1.2V VDD Noise Spectrum % DQA49 at SDRAM U7 vs. VCK190 1.2V VDD Rail
1209 - 35.000 = 14 1.205
£DS Vave = 1.198V D! m9 m10 pe
} freq=2.300 GHz freq=3.200 GHz = r
1.205 m1 _ dB(fs(VCK190_VDDout))=-70.41 | |dB(fs(VCK190_VDDofit))=-80.82 | £ 1203
= | 1.2 -
> 1202 g g 1201 §
2 o E =
a > 2 10 o
g 1198 I = 1199 8
=
>| e E ’| |<
o' 1195 ¥ £ =]
g pk-pk-mk = 7.482 mV 3 2 s s S
s c
g 1.191— Vpk-pk =13.460 mV £ 3 ._| 194
ol =] <
m1 m2 ° ‘Gf 06
1188 time=176.9 nsec time=223.1 nsec la) —1.192
VCK‘IQU _VDDout=1.204 | [VCK190 VDDout-‘i 196 5'
L ] | I I [ | T
S B & 8 8 =2 g @ = B B B = 70
g ¥ 2 2 285 B 58 % & § B S
N % 8 8 g 8 2 Z B § 8 i time, nsec
a
time, nsec freq, GHz

MEMORY ONTROLLER MODEL LIKELY UNDERREPRESENTING NOISE PROFILE

DesicnConezm [N
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= Channel Responses for a higher number of DIMMs per Channel
=  R-DIMM does have a series Resistor on DIMM
= Stub is too long to compensate with 4-tap DFE (blue S21 plot)
- It will be difficult (near impossible) to implement 4 DIMM systems at high speed!

2,1))
1)

===
ADS NN T 0.0000
Ju i = s TermG R R R
DD FH 4 SAPARANIENSRE TermG4 c R16 c R15 c R10
w v : 4 Num=4 C16 R=1200hm  C10 R=80 Ohm o1 R=60 Ohm
©C LY | S_Param +|7=500hm  C=1.0pF C=1.0pF C=1.0 pF
PR s2
E=.2.2 -5.000 — Start=0 GHz
AT R Stop=10 GHz LTLINE1 LTLINE1 LTLINE1 LTLINE1
= © Step=50 MHz TL22 TL20 TL17 TL16
R P
oo © = Length=30 mm Length=30 mm Length=30 mm Length=30 mm
o 4
£ C
== 00 ]
Tz 55 -10.00 R R R R
(,)IUI () 7 R14 R13 R11 R12
23 8 7 R=15 Ohm R=15 Ohm R=15 Ohm R=15 Ohm
ao=g ]
<
0= 500 L L1 L] L]
DO g L T o | © L T 1 @
[N == T LTLINEA c15 LTLINEA c14 LTLINE1 cws LTLINEA c12
S5 = 7 > | TermG3 TL19 C=1pF  TL21 C=1pF TL15 C=1pfF  TL18 C=1pF
o &) Num=3 Length=100 mm Length=10 mm Length=10 mm Length=10 mm
00 == ] 7=50 Ohm
amB8g 00— T T T T = = < =
°e o = ~ w & o > ~ 3 © =
o o o o o =} o o o o o
o (=) o (=) (=] (=) (=] o [=) o (=)
o [=] o [=] (=1 [=] (=1 (=1 [=] o [=]
o @ (] @ o] @ o] ® @ (] @

freq, Hz 4 DIMM slots: 10mm DIMM2DIMM + 30mm DIMM stub
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= Reflections due to 2 DpC configuration

Length for reflected Wave - 10mm + 30mm + 30mm +10mm =80mm
Reflected wave delay = 80 mm X 7% =560 ps Iﬂ I\
6.4Gbps interface with Ul of 156ps - Min DFE taps = i:g zz = 3.59 bits g
Maximum DFE Delay = 4 tap DFE x 156.25 ps = 625 ps delay can be handled 1 3
Remaining DFE Delay = 625 ps — 560 ps = 65 ps

! 10mm

) ﬂ':><::,

Large DRAM subsystems will never get a P2P environment and will therefore always have
to deal with reflections!
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[=EE R ==

=

. =
CPU Driver DRAMO & ODT DRAMO & ODT
— - A . |
™ o
baTy—  e—) = - =]
Lo crs | Busiire i
E —
j'mé
T as MCH Package|
DIMMO Traces DIMMO Traces
1 T T T
il
=
HCC Socket
——
— BEd
= —
1
=
PCB Via
A_[¥ Fa—
= —
——s
PGB DIMM Field Traces Bt DIMM

— CE Brea PCB Open Field
—| —|

Source: Evolution of High-Speed Server and Computing Interfaces - https://keysightevent.com/kw2019/handout/b5
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Next Steps

» Update Versal IBIS model with ISSO PU and PD curves to achieve
correlated power-aware S| model to measurement

= Explore DDR5 paths to do power-aware Sl simulation using AMI
models

= |C vendors and EDA software tools need a suitable solution that
allows power-aware Sl and AMI modeling with equalization

» Explore effects of SSN with State-Space Average VRM model

= Explore effects of this noise generated through the return path at
the UDIMM connector, Versal package, VCK190 PCB, and UDIMM
PCB.

» Drive industry to implement a Golden reference channel + DFE
(DDRS5)

DesignConeza MW
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POWER AWARE S - DDR4-3200 WRITE - DQ[63:0] + DM[7:0] + DQS[7:0] 1 :B‘

Xilinx Versal VCK190 = MICRON DDR4 UDIMM RIC A2 || | -
Xiine Vorsal s 8GB 288-pii

Validated DDR4-3200 design
= Correlated Sl only simulation with jitter to
measurement

= Power-aware S| models

" |nterposer-based measurement setup
Key learnings
= Must include de-embedding & probe loading effects

= Vendor IBIS model importance
= Vendor package models matter!

= Chip vendors need to work harder to provide more
accurate models
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Thank you!

Subject: URGEN' 3 TECHNOLOGY IS g FIRST ORDER OF
Dilbert, give me vour ¢ AMAZING. T TYPE g D ey e el
» 8 : £ ONE MESSAGE AND Z ALL SPAM E-MAIL
budget numbers as soon g WITHIN MINUTES 8 THAT HAS A SUBJECT
as possible. g T'LL HAVE MY DATA. g OF "URGENT".
£
£ &
2
= -
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Picotest: Steven Sandler

Rohde & Schwarz: Jason Ruffing, Mike Schnecker

Keysight: Stephen Slater, Nacim Bravo

Xilinx: Taylor Maddix, Ryan Arp, Fran Olveri, Jon Schimek, Sam Hendrix, John Rinck
Micron: Justin Butterfield
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o kw0 bd =

10.
1.
12.
13.
14.

Eye Diagram Measurements in Advanced Design System - http://literature.cdn.keysight.com/litweb/pdf/5989-9453EN.pdf
“Deembedding of DDR Interposer” by Guido Schulze, April 2020 Rohde & Schwarz

Evolution of High-Speed Server and Computing Interfaces - https://keysightevent.com/kw2019/handout/b5
Rohde & Schwarz - RTP164, 16GHz Bandwidth Oscilloscope - https://www.rohde-schwarz.com/us/product/rtp-productstartpage 63493-469056.html

Rohde & Schwarz - Probe Amplifier Module 16 GHz Bandwidth - RT-ZM160 - https://www.rohde-schwarz.com/us/product/rt-zm-productstartpage 63493-
326208.html

Rohde & Schwarz - Flex Connect solder-in Probe Tips 16GHz Bandwidth - RT-ZMA14 - https://www.rohde-schwarz.com/us/product/rt-zm-
productstartpage 63493-326208.html

Xilinx VCK190 - https://www.xilinx.com/products/boards-and-kits/vck190.html

Picotest P2102A - 2 Port PDN Transmission Line Probe - https://www.picotest.com/products PDN Probe.html

Picotest J2102B-N — Common Mode Transformer - https://www.picotest.com/products J2102B.html

Picotest PDN Cable® - https://www.picotest.com/pdn-cable.html

Keysight N2787A 3D Probe Positioner - https://www.keysight.com/us/en/product/N2787A/3d-probe-positioner.html

Infineon EVAL_PS5401-INT - https://www.infineon.com/cms/en/product/evaluation-boards/eval ps5401-int/
Amphenol DDR4 DIMM Connector, https://www.amphenol-icc.com/ddr4-101246770221r11I1f.html

Modeling On-Die Power Supply Decoupling - https://ibis.org/summits/feb12/wolff.pdf
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http://literature.cdn.keysight.com/litweb/pdf/5989-9453EN.pdf
https://keysightevent.com/kw2019/handout/b5
https://www.rohde-schwarz.com/us/product/rtp-productstartpage_63493-469056.html
https://www.rohde-schwarz.com/us/product/rt-zm-productstartpage_63493-326208.html
https://www.rohde-schwarz.com/us/product/rt-zm-productstartpage_63493-326208.html
https://www.xilinx.com/products/boards-and-kits/vck190.html
https://www.picotest.com/products_PDN_Probe.html
https://www.picotest.com/products_J2102B.html
https://www.picotest.com/pdn-cable.html
https://www.keysight.com/us/en/product/N2787A/3d-probe-positioner.html
https://www.infineon.com/cms/en/product/evaluation-boards/eval_ps5401-int/
https://www.amphenol-icc.com/ddr4-101246770221r11lf.html
https://ibis.org/summits/feb12/wolff.pdf
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