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Design Assumptions

Simulation Temp: Room Temp (25°C)
Not Power Aware Sl - Power Integrity is not included in any of these models
No DFE or EQ enabled

Simulation Setup

Unless otherwise stated, all Models will include 2% RANDOM JITTER (RJ) => 0.02 Ul
— At the memory controller for WRITE cycle — RJ = 8.333 ps for DQ, 4.17 ps for all other nets
— At the SDRAM for READ cycle - RJ = 8.333 ps for DQ, 4.17 ps for all other nets

All Simulations shown were done in ADS using Memory Designer

Using ADS Memory Designer — Statistic based simulation and bit-by-bit simulations
— Unless otherwise stated

IBIS Corner setting = MAX
— Unless stated otherwise models shown are for MAX IBIS corner type

Unlesséﬁ:t)herwise stated, all EM extractions for Project X CCA, UDIMM CCA, and MCM model were done
using ro

Simulation models as shown include crosstalk as part of simulation as per MCM, Project X CCA, UDIMM
CCA EM extraction configurations. Any included crosstalk is limited per connector and socket models.
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Project X CCA to UDIMM Model
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CADENCE SOC

— Package Model WL
N - _g il

PROJECT X CCA

PROJECT X CCA EM extracted Byte Lane
Pnnted Circuit Board

Combined MCM and
Ironwood Socket Model

DM Comecian

' DDR4 UDIMM - MTASASF1G72AZ - 8GB

UDIMM EM extracted Byte Lane
Printed Circuit Board

DOR_Packagel

AMPHENOL DDR4

CONN MPN:10124677

— MT40A1G8PM
@ UDMM PCB 1Gb - 78-ball FPGA

R/C D1 FORMAT

PROJECT X CCA with DIMM CONNECTOR

UDIMM
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System Models - IBIS Models — CADENCE ASIC

CADENCE MCM (ASIC) MPN: 828RA72

|************************************************************************

| IBIS file created by T2B Version 17.2.9.04121.123020 009
| Cadence Design Systems, Inc. 2011

|************************************************************************

[IBIS ver] 5.1

[Flle Rev] 1.0

multiple additional pins for simulation
[Date] December 4, 2019

NORTHROP
GRUMMAN

|************************************************************************

| IBIS file created by T2B Version 17.2.9.04121.123020 009
| Cadence Design Systems, Inc. 2011

|************************************************************************

[IBIS verl 5.1

| [File name] gf 12Ip ddr4 edited 1v2.ibs ]— Model used for simulation

[File Rev] 1.2
[Date] January 25, 2021

PROJECT X CCA . DDR4 UDIMM - MTASASF1G72AZ - 8GB
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System Models — Socket Model

Ironwood_ Differential_09-15-2020.s4p Ironwood_Socket SSS 07-09-2020.s6p

an i)

db sij)
L ——
5] B
el
Ironwood_Socket SGS 07-09-2020.s4p
db( sij )

- « 3 lronwood Socket Models were used in combination with the

RN respective MCM model for the Package Model

//
1 =>MCM model + Socket model = Package Model
*This is shown later




Approved for Public Release; Distribution is Unlimited; #21-0573; Dated 04/13/21

NORTHROP
GRUMMAN

System Models - DDR4 288-pin DIMM Connector Model

1:1 S/G Model 2:1 S/G Model

AMPHENOL MPN: 10124677

Model Name:
SPa_DDR4 SMT 10124677 v4

DIMM Connector Model extracted from:
SPa DDR4 SMT 10124677 v4.zip

2 DIMM connector Models were used in
combination to form a complete DIMM
connector model

@ Terminated
to 50o0hm



Approved for Public Release; Distribution is Unlimited; #21-0573; Dated 04/13/21

NORTHROP
GRUMMAN

System Models - UDIMM R/C D1 Model & PCB Stack-Up

MICRON UDIMM MPN: MTASASF1G72AZ — 8GB
288-pin UDIMM (MO-309 R/C D1)

AIR

—
P
» /PDLYIMIDE(SA)

(0.015+0.045) millime...

(
UDIMM Total PCB thickness: 1.43 mm = 56.3 mils i e

(0.07+0.015) millimeter

DRILL__TOP_ BOTTOM rg_ﬁ%
-  FRa(a2)
1.285 ' 0.1 millimeter
1.185 7 FR-4_1(45)
’ ?ﬁ@ ' (0.15+0.03) millimeter
- T FR4(42)
1.005 0.08 millimeter
0.925 7 FR-4_1(45)
. %Sj (0.39+0.03) millimeter
= o FR4(4.2)
0303 . 0.08 millimeter
U FR4(42)
0423 T TETCH_P7 : (0.15+0.03) millimeter
s T ER4(42)
0-245 : 0.1 millimeter
0.145 7 FR4(42)
’ T ETCH_ PO (0.07+0.015) millimeter
SIPro Imported model 0.06 7 POLIMIDE(34)
[ T-ETCH_BOTTOM (0.015+0.045) millime...

>
0 millimeter - AIR

JEDEC UDIMM R/C D1 (imported DIMM)

10L Stack-up


https://www.micron.com/products/dram-modules/udimm/part-catalog/mta9asf1g72az-2g3
https://www.jedec.org/standards-documents/focus/memory-module-designs-dimms/DDR4/all
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System Models - UDIMM R/C D1 Model & PCB Stack-Up

PROJECT X CCA

NORTHROP
GRUMMAN

F1G72AZ - 8GB JEDEC Standard No. 21C
Page 4.20.26-27

6.7 Reference Stackups

SRR R err R,c’m FORMAT - This section defines the preferred stackup for 8, 8, and 10 layer UDIMMs. Stackup for specific cards may be

different from the preferred stackups in the tables below.

Table 15 — Preferred 10 Layer Stackup for UDIMMs

Solder Mask 15 pmi
1 Cu 45 pm Signal 3/8 oz + Plating

UDIMM Total Model thickness . e em wovss  1ze
= 1.43 mm — Solder mask (0.015*2) = 1.4 mm : = T5im 2o

Prepreg 150 pm

4 Cu 15 pmi VDDWSS 12 oz

=> Meets JEDEC DDR4 SDRAM UDIMM Design : o 2o 20
Specification (Rev. 1.10 Aug 2015) for 10L stack-up: Prepes
1400 Um +/' 100 Um ] Cu 15 pm Signal 112 oz

Core 30 pm

T Cu 15 pm VDDWSS 12 oz
Prepreg 150 pm

B Cu 15 pm Signal 12 oz
Core 100 pm

a Cu 15 pm VDDWSS 12 oz
Prepreg 70 pm

10 Cu 45 pm Signal 3/E oz + Plating

Solder Mask 15 pm

[T01ZI| Thickness: 1400 + 100 pm as measwred across connector contact fingers (without solder mask) ]



https://www.jedec.org/sites/default/files/docs/4_20_26R25A.pdf
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System Models - IBIS Models — UDIMM MICRON SDRAM

MICRON SDRAM MPN: MT40A1G8

| z91b.ibs * IBIS 4.2 Model

| 8Gb DDR4 SDRAM - Die Revision "A"

| This Model is valid for Commercial Temperature Range 0C<=Tc<=95C

|

| Valid for DDR4-1600/1866/2133/2400/2666 operation

| Models *_2666 are applicable for speed grade 2666 Mbps (-075) and below

|
| Part Number VDD/VDDQ Architecture Package

_LMT40A2GAPNM 12\ 2\ 2Gh x4  738-Rall FRGA
| MT40A1G8PM 1.2v/1.2V 1Gb x8 78-Ball FBGA — Model used for simulation
| MT4A0A512M16HA  1.2V/1.2V 512Mbx 16 96-Ball FBGA
| MT40A2G4Z791B  1.2V/1.2V 2Gb x4  Bare Die
| MTA0A1G8791B  1.2V/1.2V 1Gb x8 Bare Die
| MT40A512M16291B 1.2V/1.2V 512Mb x 16 Bare Die
[IBIS Ver] 4.2
[File Name] z91b.ibs
[Date] 09/22/2014
[File Rev] 1.0
[Source]  From silicon level SPICE model at Micron Technology, Inc.

For support e-mail modelsupport@micron.com

PROJECT X

DIMM - MTASASF1G72AZ - 8GB

MPHENOL DDR4.
[ 24677 | R/IC D1 F AT

10
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DDR4-2400 DQ AND DQS ANALYSIS
1 Byte Lane
(Write Only)
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Total Channel S-Parameter Simulation Model — 1 byte Lane - DQ[7:0] + DQSO

12

PROJECT X - MCM/SOCKET MODEL TO JEDEC UDIMM PCB S-Parameter Analysis - DQ[7:0] + DQSO

£

SPARAMETERS I

S_Param .
Pt Combined MCM and PRJOECT X PCB UDIMM PCB
; . AMPHENOL DDR4
Start=0 GHz Ironwood Socket Model File Name: CONN MPN-10124677 JEDEC
Stopmt0 Gz P 39ds172_dec_18 ML RIC D1 FORMAT
Step= SnP1 SnP3
File="MCM_and_lronwood_Sockst_1byte_lanes20p” Fils="DDR 4_DIMM_CONN_1byts_lans.s20p"
DQo WA : B v
= TermG TermG
DQ1 |~—’W\:| BT TermEE VA
- Mum=1 Num=2 -
DQ2 0—’\.;"\.-’\;[ le:rml: Z=ED Chm Z=E0.Chm T::r' -
TermG LS ¥ = TermG
DQ3 TarmGS Z=50 Ohm | 4AMA AN | 2500 o ce
Num=5 - TrmG TrmG ALI=3
DQ4 Z=50 Ohm |q_/vv\,l mooem = Z=50 Chm
= Mum=7 Mum=8
¥ TermG Term
DQ5 '—M’\[ BTmED Z=50Chen Z=00hm ey {'\"V\"’I
DQ6 TermG11 m ! = ™ TarmE12
Num=11 - TrmG BrmG phsmots
DQ7 ==L |‘_'\"'V\"I BT BrmGTE le ==t
TermG A= Num=14 o
mG1s 2 o0 Ohm 7=50 Ohm 1,16
Num=15 ke D2
Z=50 Ohm = = = - - | Z=50 Ohm
D1 @.— PR = TermG
— B 2 1wl I_T I I __!_— Balun4Fort TermG18
Srmis [ CMP2 Num=18
TermG17 BalundPort Z=50 Oh
Das0 ey ST 5
= ] o
C1 @_ File="DDR4_PC4_UDIMM_compilsd_1bytslanes20p"
= - TermG20
armG Num=20
;B'"'G]‘: Z:;l-!:(}hm
um=

PROJECT X CCA

Total Channel >

DDR4 UDIMM - MTASASF1G72AZ - 8GB

A oRs
o 124677 RIC D1 FORMAT
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Total Channel S-parameter — 1 byte Lane - DQ[7:0] + DQSO — Insertion Loss & Return Loss - Results

TOTAL CHANNEL - PROJECT X MCM to UDIMM INSERTION LOSS (RED) and RETURN LOSS (BLUE) - DQ[0:7] + DQSO0

DQO CHANNEL INSERTION LOSS (RED) & RETURN LOSS(BLUE) DQ1CHANNEL INSERTION LOSS (RED) & RETURN LOSS (BLUE) DQ2 CHANMEL INSERTION LOSS (RED) & RETURN LOSS (BLUE) DQ3 CHANMNEL INSERTION LOSS (RED) & RETURN LOSS (BLUE)
2 4
Lt

t

L qmi '
“freq=1.212GHz
dBIS(21)=2 714

;ng 1.212GH mé
req=1. 25
dBi{S(1,1))=-12.020 Treq=1210GHZ

dB(S(8,7)=-2.708

m3 mit
req=1 2‘]2GLZ N

Jreq req=1.212GHz
25 JdB{S(6,5))=-2 727

m12
req=1.212GHz
dB(S(7.7))=-11.947

4
dB(S(5,5))=-11.541

freq, BHz fraq, GHz

freq, GHz

DQ4 CHANNEL INSERTION LOSS (RED) &RETURN LOSS (BLUE) DQSCHANNEL INSERTION LOSS (RED) & RETURN LOSS (BLUE) Das CHANN?E_ INSERTION LOSS (RED) & RETURN LOSS (BLUE) DQ7 CHANMEL INSERTION LOSS (RED) & RETURN LOSS (BLUE) DQSOCHANMEL DIFFERENTIAL INSERTION LOSS (RED) & RETURN LOSS (BLUE)
m

c me a
ik} ik

m15
freq=1, 212GH;

] r =1.212(5Hz.
g ] dBtS[141 J=-2.699

m5 OB (13,13 12.990 B 2 i
5 e R Tt 2 ER —
a0 e dB{S(16, 5)) 2771 dEl[S[1515)) -15.969 e freq=1.212GHz freq=1 212GHz
B dB(S(18,17))=-3.852| |dB(S( 1717}} -6/623
"DQ total chgnnel_insertion loss =~ (:2.7dB) @ 1.2GHz *DQSO0 total channel insertion loss = ~ (-3.8 dB) @ 1.2GHz
*Worst case insertion loss for DQ4 @ (-2.89dB) @ 1.2GHz *DQSO total channel return loss = ~ (-6.6 dB) @ 1.2GHz

*DQ total channel return loss = ~(-11.5dB) @ 1.2GHz
*Worst case return loss for DQ4 @ (-11.3dB) @ 1.2GHz

13 *Markers shown are placed at DDR4-2400 Nyquist frequency = 1.2GHz
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Simulation Model — DDR4-2400 Write — 1 byte Lane — DQJ[7:0] + DQSO
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PROJECT X DDR4-2400 WRITE - 1 BYTE LANE - DQ[7:0] + DQSO0

CADENCE SOC

DOR_Damal
CADENCE 200

PROJECT X CCA

PROJECT X CCA EM extracted Byte Lane
Printed Circuit Board

Combined MCM and
Iromw ood Socket Model

Package Model

DDR4 UDIMM - MTA9ASF1G72AZ - 8GB

UDIMM EM extracted Byte Lane
Printed Circuit Board

AMPHENOL DDR4
CONN MPN:10124677

MT40A1G8PM
1Gb - 78-ball FPGA

UDMM PCB

R/C D1 FORMAT

PROJECT X CCA with DIMM CONNECTOR

UDIMM



Simulation Model — DDR4-2400 Write — with SIPro EM EXTRACTED MCM Model

Approved for Public Release; Distribution is Unlimited; #21-0573; Dated 04/13/21

NORTHROP
GRUMMAN

ey e
o e o)

D Petm

PROJECT X DDR4-2400 WRITE - 1 BYTE LANE - DQ[7:0] + DQSO0

15

CADENCE SOC

PROJECT X CCA

PROJECT X CCA EM extracted Byte Lane

Combined MCM and

Irorw ood Socket Model

Printed Circuit Board

Package Model : H‘| ‘ | ‘Im‘ |

DIAY_Comec
o Camesart

UDIMM EM extracted Byte Lane

Printed Circuit Board

oR_Paxme
D Fesma

AMPHENOL DDR4

CONN MPN:10124677

UDMM PCB

R/C D1 FORMAT

DDR4 UDIMM - MTASASF1G72AZ - 8GB

Memory Devices

MT40A1G8PM
1Gb - 78-ball FPGA

=3

Memory. Designer Setup l

MD_Setup

MD_Setup
dramType=DDR4
dataCycle=Write
dataGycleMode=Continuous:
caCtriTiming=1T
speedGrade=2400
UseCustom SpeedGrade=0
Custom SpeedGrade=1000

DDRSim

DDRSim1
AntiAliasingWindow=1
EnforcePassivity=yes
Enforc éStrictPassivity=
ImpMaxFreq=
LowBERFloor=yes
Maxim pulseLength=100
Mode=Statistical
NumberTimePtPerUI=32
SaveToDataset=
StatusLevel=2
ToleranceMode=Auto
NumberOfBits=100

BlockSize=1024
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DDR4 MCM + Socket Model — 1 byte lane

NORTHROP
GRUMMAN

T e e e e
SP1
Start=D GHz,
Stop=10 GHz.
Sfep=2.0004 MHz [
T TermG
TarmGe
Sr o Ironwood_Socket_SSS_07-09-2020.s6p ‘:‘r:e: =
=
[FilaName="MCM-_and_konwood_Sock st_ibyts_lane” LTJ
MCM_and_Ironwood_Socket_1byte_lane.s20p FileType=touchs e ]
format=va L L L DaQ3 . . . .. A
................. =
....... DQ4 . . . .. = W
................. i o R
....... DQ5 - - - [Cuwh—eeam
................ = o L
SR D e e s fumeiz
Bm: 2 Z=50 Chm
................ 2-500hm L T SRS
DQ6 WA <
TermG
pDQ7 TamGta *J—_—@l
Num=13 ==
2=500hm A —a—t - b Ann L BrhG18
DQ Si nals m=15 Totm _“SingleEnded Tarm_SingleEndsd SnP Num=18
50 Ohm i]||—AAn, - - AnA—]Jlt SnP2 Z=50 Ohm-
.............. g .. et 5l L 2RE50.00m boad=0 0N 1 5jrgiemndes File="ronwopd_Socket_SGS_07-D8-20205 4p"
R | d Lead=50.0hm Loagd=50 Ohm
DM Slgna S nOt use S0§ ) Ironwood_Socket_SGS_07-09-2020.s4p
-_— H Te G [
=> terminated to 50Q TmeiT
um=17 =
DQS0- ¢ z=eanm [
Terme
r:rrrmsm AAA—
Num=18 = TormG
................. Z=800hm . . . . . . . . . . o Tam[-‘l;!]
PROJECT X CCA DDR4 UDIMM - MTASASFIGT2AZ-8GB =+« = « = « = =« « o b SnF o -+ cNumE2De - - - -
ROJECT X CCAEM esrocted Byis Lane. - vosms T L SnP4 . . .Z=500hm . . .

Ta0A1GEPM
1G5-78 531 FPGA

—— =" uowm pce

AMPHENOL DORS
CoNN weN 0124677 | |R/C D1 FORMAT

16

SnP

File="Fonwopd_Socke!_Djfferertial_0B-15:2020345"
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DDR4 DIMM Connector Model — 1 byte lane
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DDR4 Connector Model for 1-byte lane

2 —
m DQo —w A 1:1S/G
SP1

TermG TarmG
Start=D GHz DQ1 TermG1 @‘—* *—"@I TermG2
Stop=200 GHz

4 Term TermG Num=2
‘Stap=4.0008 MHz DQ2 ,_,MI ~s00hm e 2500 [\
~ Num=3 Num=4 ~
TermG - TermG
SPOutput DQ3 Termas |V EETEE ErEs A TermGe
Num=5

BmG TarmG Hum=g
SPOutput DQ4 Z=500hm oo @.—_ i __.@ TamGE Z=50 Chm
Soutou

FilsNams="00R#_DIMM_CONN_teyte lens” | D5 Hum=7 Term& . TermG Hum=2
DDR4_DIMM_CONN_1byte_lane.s20p B R EE——wm—v—r'-um "_I_rmm_‘@um

~ Num=8 Num=10 ~
TermG T TermG
TermG11 2=50Chm Z=50 Chm TermG12
Num=11 SnP Num=12
Z=500hm SnP1 Z=500hm

File="DDR4_SMT_10124677 v4 SG11_woren.s 125"

DQ6 [ . vy 1:1 S/IG
TrmG Tarm
bar Bmors [Pp—t ] s
Num=13 = = Num=14
o TermG TermG wsiptosy
If—— TrmET TermETE AN ——|
R Num=15 Num=18 R
R1 ‘l AAN =50 Oy =50 Ch I“ RS
R=50 Ohm i = " R=spohm
I——vwv B . Ee AAN——I
R R=50 Chm R=50 Chm R
R3 ‘l AAA JI‘ RT
R=50 Ohm i = " R=soohm
R4 ¥ RB
R=50 Chm SnP R=50 Chm
SnP2

File="DDR4_SMT _10124877_v4_SG11_warens 12"

DQ signals (unsed ports are terminated)

PROJECT X CCA

— DDR4 UDIMM - MTA9ASF1G72AZ - 8GB

PRosCT xcontu sarces orellee

[=wd v
DQS0

e — TermG17 =W A TermG18
(5] =" o e PSclreyiy
AuprENoL DoRe

P ) TermG I TermG =
A28l Ric D1 FORMAT Z=500hm TermEiE . Z=50Chm
Num=18 Num=20
2=50 Chm SnP 2=50 Ohm 2:1S/G
SnP3

Fils="DDR4_SMT_10124677_v4_SG21_woren_subsst s4p”

DQS signals
17




Approved for Public Release; Distribution is Unlimited; #21-0573; Dated 04/13/21

NORTHROP
GRUMMAN

UDIMM EM Extracted Model — 1 byte lane — DQ[7:0] + DQSO

X
Do o
- bat B

TamG e
ooz o [C— o200t 4
= DQ2 e
e e

7 Bms Mm=s
DQ4 e

24 DDR4_PC4 UDIMM_V101_RC_D1 _toytelans_J1_to_RES=is"

ADS 2020 — prevented complete EM extraction model with in-line component — this is
resolved in ADS 2021. => This model consist is two compiled models.

Z
" A

PROJECT X CCA

et
Con 7

F1G72AZ - 8GB

EM Extraction based on UDIMM Layout Data:
PC4-UDIMM_V191 RC_Al D1 20150424.zip

18
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DDR4-2400 Write — DQJ[7:0] + DQSO0 — Results — No Random Jitter Added

19

DQA AT U1 SDRAM

DDR4-2400 WRITE - DQ[0:7] + DQSO0
WITH SIPRO EM EXTRACTED MCM MODEL

DQ1 DQ2

CADENCE SOC IBIS CORNER = MAX
CADENCE SOC DRIVER STRENGTH = 48 OHM
ALL DQ/DQS QDT = 48 OHM

DQ1 AT U1 SDRAM
D@2 AT U1 SCRAM
DQ3 AT U1 SDRAM

T T T T T T
200 W0 40 SO0 e0 0D 80D o 0 100 200 300 400 SO0 €00 70 200 o 0 10 200 300 40 SO0 600 7O 00 0 10 200 W0 400 00 600 o0 GO0

100
time, psec time, psec time, psec time, psec

[[Meas wement | sightAtBER | [ . .igthAtEER [[Measwrement | _.sight“tEER | Measursment | ..idthAtBER [[Meas wement | .sightAtBER | [ igthAtEER [[Meas wement | sightAtBER | [ . .igthAtEER

‘ HeightAtBER ‘ 0.308 ‘ W idthAtBER ‘ 3.312E-10 ‘ HaightAtBER ‘ 0.375 ‘ W idthAtBER ‘ 32TE-10 ‘ HeightAtBER ‘ 0.377 ‘ WidthAtBER ‘ 3.146E-10 ‘ HeightAtBER ‘ 0.389 ‘ W idthAtBER ‘ 3.220E-10

DQ4 AT U1 SDRAM

DQ5 DQ6 DQ7 DQsSO0

DQ5 AT U1 SDRAM
DQA AT U1 SDRAM
DQT AT U1 SDRAM
DQSOAT U1 SDRAM
ot
o

RARANRARANRRRAS AR AY ARAY AR RSy ey a L RAAANRAARNRAA RS ARy Rnan LA ay RN Ay naa L RAANARARRNRA ANy S Rn Rn Ay A h RN ARy naa O~ T T QeI T
0 W0 2m W0 400 s00 e0 7 G0 S 0 Wm0 2 00 40 W E0 W W0 W 0 Wm0 20 300 40 SW 0 7W wW0 W 20 W0 4@ S0 e W W0 0 W0 W W 40 S0 e0 7w s00 0
time, psec tima, psec tims, psec time, psse tims. pssc
[[Maas urement | ..sightAtBER | Msas wement | ..idthAtBER Mess wement | ..sightAEER | Measursment | ...idthAtBER [Massurement | ..sightAtBER | Masswement | ..idthAtBER [[Maas wement | ..sightAtBER | Msaswement | ..idthAtBER [m t | .8ightAtBER | M t | ...idthAtBER
| HeightAtBER ‘ 0386 ‘ ‘WidthAtBER ‘ 3271E-10 HeightAtBER 0382 ‘WidthAtBER 3.188E-10 | HeightAtBER ‘ 0.380 | WidthAtBER | 3271E-10 ‘ HeightAtBER | 0360 ‘ WidthAtBER ‘ 3.148E-10 ‘ HeightAtBER ‘ 0.884 ‘ W idthAtBER ‘ 4.083E-10

PROJECT X CCA DDR4 UDIMM - MTASASF1G72AZ - 8GB

Probe Point

= rioucann

1G5 - 7803l FPGA

*DQ eye mask shown is for JEDEC DDR4-2400 to achieve BER 1E-16.

“" UDMM PCB

R/C D1 FORMAT

AMPHENOL DDR4
CONN MPN: 10124877

*Results shown are for ODT = 48Q on all DQ signals.

All signals pass Eye mask compliance for DDR4-2400
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DDR4-2400 Write — DQ[15:8] + DQS1 — Results — No Random Jitter Added

DDR4-2400 WRITE - 1 BYTE LANE - DQ[8:15] + DQS1
WITH SIPRO EM EXTRACTED MCM MODEL

CADENCE SOC IBIS CORNER = MAX
CADENCE S0OC DRIVER STRENGTH = 45 OHM
ALL DQ/DQS ODT = 48 OHM

DQB AT SDRAM (U1)
CQa AT SDRAM (U1)
DQ10 AT SDRAM {U1)
DQ11 AT SDRAM (U1)

T T T T T T T T T T T T T T T T T T T
0 10 00 300 400 S00 60 700 S00 0 0 10 W0 M 40 00 600 700 S0 900 0 1@ W0 M0 400 S0 600 700 S0 900 0 10 200 W0 400 S0 0 700 S0 900

time, psec time, psec time, pssc time, psec

CQ12ATSDRAM (UT)
D@14 AT SCRAM (U1)
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All signals pass Eye mask compliance for DDR4-2400

20



Approved for Public Release; Distribution is Unlimited; #21-0573; Dated 04/13/21

NORTHROP
GRUMMAN

DDR4-2400 Write — DQJ[31:24] + DQS3 — Results — No Random Jitter Added

21
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ADS 2020 — prevented complete EM extraction model with in-line component — this is S
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P EM Extraction based on UDIMM Layout Data:

PC4-UDIMM_V191 RC_A1 D1 20150424.zip
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DDR4-2400 Write — 2 byte lane Results — DQ[15:0] + DM[1:0] + DQSO0 + DQS1
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DDR4-2400 Read — 2 byte lane Results — DQ[15:0] + DM[1:0] + DQSO0 + DQS1

SDRAM IBIS CORNER = MAX

DDR4-2400 READ - RESULTS DQ[15:0] + DM[1:0] + DQS0 + DQS1 AL DADOS/DM ODT ~ 43 OFM g Sjm settings
A O o o

DQt DQ2 DQ3 DMO
TOK | SO | KK DU | s e
ALY | LALAN | AANLAN | LLJANS AN injected at Memory

D05 Das P DOSO

3
P\(
9
9
o
S
H
S
0
A

C Wm I 3 Mm sw 0 W A @ 0 o W xm om0 s an 7D en 0 W m MW n s e T 0 S0 0 @ W X0 M0 s e 70 en 0 fm W a0 sm o s0 7o em

T . |} b~ | BER is passing Eye Mask

%
L
N
N
O
4
N
%
| 34
A
M
0
b-4
A
N
9

G 1o W 0 40 w0 ma M D % 6 W D WM un s s0 O W o b :m Mo 40 o @0 70 sb G 1o m I 40 so s T sm %

Daig DQ14 D(?]a1§ ) DE§1 Probe Point

DDR4 UDIMM - MTASASF1GT72AZ - BGB

>
¢
>
@.

+
a
N
0

4
o

0 o W xm om0 s an 7D en 0 W m MW n s e T 0 S0 0 @ W X0 M0 s e 70 en 0 fm W a0 sm o s0 7o em

e. psec
o s UDMM PCB

AMENENOL DDRe
28 R 134677 | |RIC D1 FORMAT




Approved for Public Release; Distribution is Unlimited; #21-0573; Dated 04/13/21

NORTHROP
GRUMMAN

29

DDR4-2400 Write DQ[31:0] + DM[3:0] +DQS[3:0] Results



Approved for Public Release; Distribution is Unlimited; #21-0573; Dated 04/13/21

NORTHROP
GRUMMAN

Simulation Model — DDR4-2400 Write — DQJ[31:0] + DM[3:0] + DQS[3:0]
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DDR4 MCM + Socket Model — 4 byte lanes
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UDIMM EM Extracted Model — DQ[31:0] + DM[3:0] + DQS[3:0]

EM Extraction based on UDIMM Layout Data: { I
PC4-UDIMM V191 RC_Al D1 20150424.zip I
ol
P B
B i
.
o
33
In SIPro, EM extraction would output incorrect results for random !
DQ nets. The solution was to break up the extraction from 4 byte

lanes into 2 byte lanes. This could have been a convergence issue
in SIPro with ADS 2020U1.

o R T A e

*ADS 2020 — prevented complete EM extraction model with in-line
component — this is resolved in ADS 2021. => This model consist is two
compiled models.

PROJECT X CCA DDR4 UDIMM - MTASASF1G7:
[P ——

33

RIC D1 FORMAT



Approved for Public Release; Distribution is Unlimited; #21-0573; Dated 04/13/21

NORTHROP
GRUMMAN

DDR4-2400 Write — 4 byte lane Results — DQ[31:0] + DM[3:0] + DQS[3:0]
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DDR4-2400 Write — 4 byte lane Results — DQ[31:0] + DM[3:0] + DQS[3:0]

DDR4-2400 - 4 Byte Lane Simulation
- - CADENCE SOC IBIS CORMNER = MAX - .
DDR4-2400 WRITE - RESULTS|DQ[31:16] + DM[3:2] + DQS2 + DQS3| ciomncesoc orver st - on | <l Sim settings
IR ADDEDAL MEMORY CONTROULER =002 UL
DQ16 DQ17
=2y - <iEa v <
DXL

DQ19

*Includes 2% Random Jitter
injected at Memory Controller

=
F
&
@
3
e
g,

D16 AT U3 SORAM

Pf’cq
PN
N

21 ATUI STRAM
DQIZATUI SDRAM
DGZIATUI STRAM

T

Probe Point

P 4
> 1P

DQ28 DQ30 DQ31
=y = e .f—i.f:'} COZd "y = ) DDR@ UDIMM - MTA

o dii

>
a@{
. ’ | ‘
2N
© {
.-1’/\‘ﬁ

e C e e

8" ' '

[} i)
ey g <E

1 — S—
RS
time. gses tme. ges time. gses
35 Note: Results shown are for MCM model which was generated by Cadence Sigrity

10




Approved for Public Release; Distribution is Unlimited; #21-0573; Dated 04/13/21

NORTHROP
GRUMMAN

36

DDR4-2400 Write ADD|[7:0] + CLKO Results
with UDIMM (R/C D1)



Simulation Model — DDR4-2400 Write — ADD[7:0] + CLKO

Approved for Public Release; Distribution is Unlimited; #21-0573; Dated 04/13/21

NORTHROP
GRUMMAN

PROJECT X DDR4-2400 WRITE - ADD[7:0] + CLKO

CADENCE S0C

PROJECT X CCA

SIPro_MCM_and_lronwood_Socket ADDD_ADD15 CLKD.s36p

Combined MCM and

Idemory oo
Controller |

Iromw ood Socket Model

Pac ka? Model

“on_reaag
DOR_Pakege!
CACENCE =0
% | corsm I ﬂllemoq Deslqnersen.pl
oRam 2sun
ATl T Oram Tpe=00R4
ErforcaPsmijejes

demCyce-irne

gl e

Sroormrez
U mimpeie. e D

SeCxTemirg=1T
szmenGrme=200
S

Surizer T PR D
SmeRosmsne

Simummvenl

Toler s commiatn
BumzerCHERs=1000
S Sz=m103t

PROQJECT X CCA EM extracted data
Printed Circuit Board

g J

DI _Cannector
DR _Canesiort

UDIMM_\181_RC_D1_AO_AT_CLK_J1_to_U1_to_U9_vi.sio

UDIMM EM extracted data
Printed Circuit Board

T

oom_roE
FROECTA_FCE

Memary Probe

(] @@@@

Ny Frabe

AMPHENOL DDR4
CONN MPN:10124677

DDR4 UDIMM - MTASASF1G72AZ - 8GB

Memory Devices

Memory Devices

=T

uDIMM PCB

Teminations

DOR_Rrminain
DOR_Terminiant

R/C D1 FORMAT

Memory Devices

B

N

Memory Devices

MT40A1G8PM
1Gb - 78-ball FPGA
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DDR4 Memory Controller Package Delay Settings - ADDJ[7:0] + CLKO

Select IBIS/ EBD File |C:,ﬂJsers,’M?ZEZB)NorihropGrumman,{ADS,.'Projeds_DDR4_wrdeata,’gf_121p_ddr4_EDlTED_1v2.ibs | I Browse... I View
Component | DDR4 W
Assign signal property by: | IBIS Signal Name ¥ | [_] Enable Channel ID Matching Collapse Power Mode
[Juse Delay File Browse... WView. ..
Enable DBI () DBIdc () DBlac (@) MNone
Assign Signal Property and Enable Pins for Simulation
Reference Designator and IBIS Table Signal Property Table |
Search Search Search Search Search ¥ —_— Search |
RefDes IBIS Fin Mame IBIS Signal Mame Signal Type Signal Index Simulate Delay (zec) Channel ID |
U8_ADS_DIE 48 ADDOD A Y 115e-12 0
UB_ADS_DIE 9 ADD1 A Y 96e-12 0
U8_ADS_DIE 50 ADD2 A Y 105.6e-12 0
UB_ADS_DIE 51 ADD3 A Y 100.7e-12 0
U8_ADS_DIE 52 ADD4 A Y 111.6e-12 0
Ug8_ADS_DIE 53 ADD3 A Y 118.8e-12 0
UB_ADS_DIE 54 ADDE& A Y 122.6e-12 0
UB_ADS_DIE 535 ADDT7 A Y 124.4e-12 0
U8_ADS_DIE 63 CLKNO CK_c Y 99.6e-12 0
PROJECT X DDRA 2400 WRIE -AODIT1 - CLXD
o . UB_ADS_DIE 64 CLKPD CK_t Y 98.9e-12 0

R 01 FoRNAT
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DDR4 MCM + Socket Model — ADD[15:0] + CLKO

MCM and Ironwood Socket Model -ADD[15:0] + CLKO - SIPro Generated Model

W] sParaverers | [ sFoupst |
S Famm
o1 1
sar-age FllsNam2="SP R _MCM 3% _Irnwoad_Socket ADD_ADDTS_CLK

Skp-10 GHe FllTye=tauchsione
SH9-2 0004 MFZ T

ADD signals
ADDO
ADD1
ADD2
ADD3

Ironwood_Socket_SSS_07-09-2020.s6p

Ironwood_Socket_SSS_07-09-2020.s6p

SIPro_MCM_and_Ilronwood_Socket_ADDO_ADD15_CLKO0.s36p :gg‘;

ADD&

ADD7

ADDB  Zmgs Shem  [vn
&L

ADDY  mmowm [P

Ironwood_Socket_SSS_07-09-2020.56p

e Ironwood_Socket_SSS_07-09-2020.s6p
ADD10 vy ML =
ADDH [y aoe
TEmTCET
mmg  fumeg! ]
ADD12  emezs ZS00m A
T e
ADD13  zwcm = Ironwood_Socket_SSS_07-09-2020.56p
e ] T N2 Tomnc
ADD14 A mi e 2SO
 mme  Nme? S5 =24
ADD15 Sgnp RIS Flle="Inmio0d_Socked_S55_07-05-2020 855" 2-50 Oten
A
ClKot mmew 2900m  [owd——p
=t met = [
z-s0.0nm i
CLKO ¢ IWI Lt L = Ironwood_Socket_SGS_07-09-2020.s4p
: e Z-50 Onm = z-s00mm
CLK signals o = e
=& z-s0cnm Fk-ronwosd_Socket SGS_OMBImOstyt  Z-A0MM
Flle="beman_849_gi102_Rar.12_22_20_0a0jon_ICEMAN_MCM_AD_A15_CLKL 5K =]
Type-ShEMID
Ironwood_Socket_SGS_07-09-2020.s4p
PROJECT X DORK-2400 WRITE -ADDI7 01+ CLKD m
PRoETRGoA oo o HTAGASFIGTIAZ 38 F= =
- | St
TmG Ironwood_Socket_Differential_09-15-2020.s4p

smP10
FlE="IDm00d_Sacket Dferential 03152020545 250 OO

e D1 ForuaT

MCM Model: projectX_MCM_AO_A15_CLKO.sio
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DDR4 DIMM Connector Model — ADDJ[15:0] + CLKO

DDR4 Connector Model for ADD[15:0] + CLKO

E}] S-PARAMETERS

g =]
T AD pyws | A
=) RMG ®RmME
San=0 GHz AI MG L3
Shp=200 GHz um-1 -y Y num-2
SATETE A2 s 2085 EreT acnm—frn 1:1S/G
Nm=3 Num=4
=mG 8 Teme
'SP Cuput A3 Rmes -'W‘} 0onm GESEE Y PN [
Mm-5 T === Num—5
me— Ad z50om o @_— p._.@ e 7-50 o
ot TermG7 RS
Filehame="DDR4_DIMM_CONN_ADDO_ADD1S_CLK0| A5 = BME
Fike Type-toucnstane
Fomat=MA
DDR4_DIMM_CONN_ADDO_ADD15_CLKO0.s36p
AB
AT
- Mm=13  T%ms Bms a1 .
Al A 2085y e e 1:1S/IG
o Nam=15 Num=16 c
RMG ) Tem&
A3 RmGIT ’-’W‘\rl LI e e Tema1s
Num=17 TemG =me Num=15
MO e T [ f ] e e
g =7 =S =mS i
Al AN I - S AN+
= Nm=21 Nm=-z2 =
'MG T Tem&
EmEsn Z=500nm N 2=500nm Temazd
Num=23 e Hum-24
Z-50Chm S5nP2 2Z=50 Chm
Fle~"DDRL_SMT_10124677_v4_SG11_woren s12p"
g =]
A12/BC_n [=wad- -fnes|
MG ®'mME
A13 amez [ve—ep efo] ame
Mm=25 e ®mS et
AMWE n [ovwd 25000 —fmmerr—f 4= mzs— 2500 ~fyy 1:1 SIG
s Nam=2T Num=25 = N
—MG TemG
ATBICAS N amos [Evw-—ssechm ook Encis
Mam=s T = Num=30
=AM AT s = T
Tem_s Num=31 num-=:2
e A e 20 G Zs00e i
PROJECT X DDRA-2400 WRITE - ADDI70] + CLKO Load=50 Ohm - L e ; Load=50 Onm
PPROJECT X CCA R4 UDIMM - MTASASF1GT2AZ - 8GB. =

Bm_ShgeEndeds Bm_SngeEndeds
Lcad=30 Gam Load=500nm

=

5P3
Fle~"DDRL_SMT_101 24677 _v4_SG11_worens12p”

Unsed ports are terminated

CLKD_t i A
S CLKD ¢ Temg @_u_@ =2, 2:1S/G
Num=33 e T e um=34

25000  pmess T Z=s0cem
Rum=35 um=38
z=500nm 5P Z=5000m

40 CLK si gn als ﬁ:d“uum,stmusar,vA,smeom,wmewp"
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UDIMM EM Extracted Model — ADD[7:0] + CLKO

**mportant Note: All CAC nets & CLKO had
return port set to VDD on UDIMM.

41 = T EM Extraction based on UDIMM Layout Data: PC4-UDIMM_V191 RC_A1l D1 20150424.zip
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DDR4 ADD & CLK Termination Settings — ADD[7:0] + CLKO

j.ﬂ Edit DDR Termination Parameters:5 «

ads_simulation:DDOR_Termination Instance Name

|DDR_Term|nahun1 |

Termination for CA and Control Signals

VIT (Volts) [0.6 | R_ca (ohms) [35.0 Rs_Control {Ohms) [38.0 |

Termination for Clock Signals
O Termination Topalogy 1
R_CK_diff (Ohms) |73
O Termination Topalogy 2
R_CK_SE (Chms) |50.0 WTT_CK (volts) 1.0

@ Termination Topology 3

R_CK_SE (Chms) [39.0 | c_cx ors) [10 | v _cx (volts) [o.6 |

Search Search Search Search W |

Port Name RefDes Signal Type Signal Index Channel ID Simulate |
CLKO_B_RM4T RN47 CKc 0 0 Y
CLKO_RN4T RN47 CKt 0 0 Y
AT RN31 RN31 A 7 0 Y
AB_RN49 RN49 A ] 0 Y
A5 RN33 RN33 A 5 0 Y
A4 RN33 RN53 A 4 0 Y
A3_RMN33 RN53 A 3 0 Y
A2_RN31 RN51 A 2 0 Y
| e AT_RN49 RN4g A 1 0 v
AQ_RN49 RN49 A 0 0 Y

o | [ iests cocd || b
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MICRON UDIMM MPN: MTA9ASF1G72AZ — 8GB
288-pin UDIMM (MO-309 R/C D1)

Analysis shown will only include analysis at the following SDRAMs at the
UDIMM for A[7:0] + CLKO due to fly-by topology on UDIMM for CAC nets
« This allows analysis to be done at each end of the DIMM and
middle points on DIMM

Results shown include 2% Random Jitter injected at Memory Controller
with BER = 1E-16

SIPro Imported model

43
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Results DDR4-2400 ADDJ[7:0] at SDRAM (U1) on UDIMM - TYP IBIS Corner

DDR4-2400 WRITE -ADDJ[7:0] AT SDRAM (U1)
Simulation l%ype: Statisfical CADENCE SQOC 18IS CORNER =TYP
Number of Bits: NA . . CADENCE SOC DRIVER STRENGTH =40 OHM
CaCtrl Timing: 1T Timing ; RJADDEDAT MEMORY CONTROLLER =0.02 UI

AD AT SDRAM (U1} A1ATSDRAM (U1} ] A2 AT SDRAM (UT) A3 AT SDRAM (UT) CKO at SDRAM {U1)
]

PROJECT X DORA-2400 WRITE -ADDI7 0] + CLKD
oA

PROECTX o0Rs UDMM vaoAs-

44 = RIC 01 FORMAT
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Results DDR4-2400 ADDJ[7:0] at SDRAM (U4) on UDIMM - TYP IBIS Corner

St ses g DDR4-2400 WRITE -ADD[T:0]AT SDRAW (U4) CLOBISE SERRERERIIE oy

CaCtrl Timing: 1T Timing RJ ADDEDAT MEMORY CONTROLLER =0.02U1 &
AD AT SORAM (U4) A3 AT SDRAM (U4)

A1 AT SDRAM (Ud) AZ AT SDRAM (U4) CKO at SDRAM (U4)

AT AT SDRAM (L4}
1

M
. - ?'_- =1 -::(
) : . <
°‘____)L~:T_3L 5

o=

L R NN AL NN NN SR N
oo 0z 04 0O 08 10 1z 14 16 18

time, nsec

PROJECT X DDRA-2400 WRITE -ADDI70] + CLKO

|
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Results DDR4-2400 ADDJ[7:0] at SDRAM (U5) on UDIMM - TYP IBIS Corner

NORTHROP
GRUMMAN

Number of Bits: NA CADENCE SOC DRIVER STRENGTH = 4

Simulation type: Statistical DDR4-2400 WRITE - ADD[7:0] AT SDRAM (U5) CADENCE SO IBIS CORNER =TYP o oH
CaCr Timing. 11 Timing . RJ ADDEDAT MEMORY CONTROLLER =002 Ul

ADAT SDRAM (US) ] A1 AT SDRAM (US) k: AZAT SDRAM (US) ] ALAT SDRAM (US)

CKOat SDRAM [UE)

PROJECT X DORA-2400 WRITE -ADDI70] + CLKD
PROJECT X CCA DORS UDWIM - MTASASF 1GT2AZ - 8GB
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Results DDR4-2400 ADDJ[7:0] at SDRAM (U8) on UDIMM - TYP IBIS Corner

Simulation type: Statistical CADENCE SOC IBIS CORNER = TYP
Numbar of Bt NA DDR4-2400 WRITE - ADD[7:0] AT SDRAM (U8) CADENCE SOC DRIVER STRENGTH =40 OHM |
CaCtrl Timing: 1T Timing ” EDAT MEMORY CONTROLLER = 0.02 Ul &

.| ryADD

ADAT SDRAM (UB) A1 AT SDRAM (USB) A2 AT SDRAM (U8} A2 AT SDRAM (US) CHKO at SDRAM (UE)

A4 AT SDRAM (UB)

PROJECT X DORA-2400 WRITE -ADDI7 0] + CLKD
PROECTX CCA OR4 UDIM - MTASASF GT2AZ - 8GB
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Results DDR4-2400 ADDJ[7:0] at SDRAM (U1) on UDIMM — FAST IBIS Corner

— — DDR4-2400 WRITE -ADD[7:0] AT SDRAM (U1)
Simulation ty pe: Statistical CADEMNCE SOC |BIS CORMNER = FAST

MNumnber of Bits: NA CADENCE S0C DRIVER STRENGTH = 40 OHM
CaCtrl Timing: 1T Timing FJADDEDAT MEMORY CONTROLLER = 0.02 UI

A1 AT SDRAM (U1} AZ AT SDRAM [U1) =T - CK0 3t SDRAM (U1}

A4 AT SDRAM (U1)

PROJECT X DORA-2400 WRITE -ADDI70] + CLKD

PROJECT X CCA o0Rs UDMM vaoAsr
- [ - ‘

48 = c 01 FoRVAT



Approved for Public Release; Distribution is Unlimited; #21-0573; Dated 04/13/21

NORTHROP
GRUMMAN

Results DDR4-2400 ADDJ[7:0] at SDRAM (U4) on UDIMM — FAST IBIS Corner

Number of CADENCE SOC DRIVER STRENGTH 40 OHM 5
CaCtrl Timing: 1TT\mlng b RJADDEDAT MEMORY CONTROLLER =0.02U1 =

As AT SORAM (U4

Simulation fpe: Statistcal DDR4-2400 WRITE - ADD[7 :0] AT SDRAM (U4) CADENCE 50C IBIS CORNER =

A1ATSDRAM U4) AZAT SDRAM (4) CKO 2t SDRAM (L4)

T T T T T T
Tog! oo oz o4 05 08 40 42 44 15 48 To ) o0 02 o4 05 @5 40 42 W 15 1s T 00 0z o4 05 03 10 12 14 15 18 0o o2 a4 a5 03 10 12 14 16 18 o o 1m 2 M 400
a5 o5 5 : 29
~, me, nsec M tme, nsec time, rsec time, rsec ol ftime, pEec
T T B !

AT AT SDRAM (UL

AL AT SDRAM [U4) AS AT SDRAM U4}

PROJECT X DDRA-2400 WRITE - ADDIT0] + CLKO.
PROJECT X CCA DORS UDIMM -MTASASF 1GT2AZ - 868
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Results DDR4-2400 ADDJ[7:0] at SDRAM (U5) on UDIMM — FAST IBIS Corner

Approved for Public Release; Distribution is Unlimited; #21-0573; Dated 04/13/21

AZAT SDRAM (U5)

DDR4-2400 WRITE -ADD[7:0] AT SDRAM (U5)

NORTHROP

GRUMMAN

CADENCE 50C IBIS CORMNER = FAST
40 OHM

A3 AT SDRAM (US)

CKO at SDRAM {US)

Simulation ty pe: Statistical

Number of Bits:
CaCtrl Timing: 1T Timing

AQ AT SDRAM (US)

A1AT SDRAM (US)

R LR L L e e R SRR e
00 S0 6D O

tme psec

=0

50

PROJECT X DDRA-2400 WRITE -ADDI7.0] + CLKD n
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Results DDR4-2400 ADDJ[7:0] at SDRAM (U8) on UDIMM — FAST IBIS Corner

Simulation type: Statistical CADENCE SOC IBIS CORNER = FAST
Number of Bt NA DDR4-2400 WRITE - ADD[7:0] AT SDRAM (U8) CADENCE SOC DRIVER STRENGTH = 40 OHM
CaCtr Timing: 1T Timing . RJADDEDAT MEMORY CONTROLLER = 0.02 Ul 3

AJAT SDRAM (US)

n CX0 at SDRAM (U5}
A s

A1AT SDRAM (US) AZAT SDRAM (US)

ADAT SDRAM (Ug)

L S o e e IS N e e =g T T T T
00 02 Q4 05 03 10 1 14 15 13 @O, 0 40 200 D 01 00 6D 7D 0 0

(e o e e ML L s o S LIS L s S S s e e I
ao az o4 as as 10 1z 14 18 18 az o4 as as 10 1z 14 16 18

tme, nses [=13] tme psc

time, nssc tme nssc

ASAT SDRAM (US) AT AT SDRAM (US)

A4 AT SDRAM (US)

LR LA L N N L N
g4 06 03 10 1z 14 15 13

13

time, nssc tme, nses

PROJECT X DORA-2400 WRITE -ADDI70] + CLKD
PROJECT X CCA DORS UDIM - MTASASF 1GT2AZ - 8GB —
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DDR4-2400 Write ADDJ[7:0] + CLKO Results
with RDIMM (R/C D1)
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Simulation Model — DDR4-2400 Write — ADD[7:0] + CLKO with RDIMM

PROJECT X CCA

SIPre_MCM_and_lronwood_Socket ADDO_ADD15_CLK0.s36p

PROJECT X CCA EM extracted data

CADENCE sOC

Combined MCM and Printed Circuit Board
Ironwood Socket Model

D Camzctort

DDR4 RDIMM - MTASASF1G72PZ - 8GB

DDR4_PC4 RC D1_RDIMM_compiled A0D_A7 CLKOs20p

\J DODR4RCDO02 simulated with edited MT40A1G8PM

RDIMM EM extracted data IBIS model to include C_comp = 1pF for silicon
pad I/O as per JESD82-31A

Printed Circuit Board

Memory Devices

Pac ka?e Model II”\” | MJ

CDR_Package

DDA Package!

il
DDR_PCE
PROJECT_X_PCB

|@-| DOR Sim | |m|uemrynesamr5empl
DORS MO_setup

DORSM WD S

ARATLES QN Indow=1 dmmType-COR4

El 7=y Y 2

E i ¥ mous
ImphEEErEg- caCammng=1T
LowEERFhamjes speed GRde=2400

Mzl pu lse Lengin=1 00 UseCustomSpeet Gade=0
Mode=Statistical ‘CustomSpeedGrade-1000
R D2 MimeP P iim32

SaveTolataset=

SEtusleveiel

ToleranceMode=Auto
R D2 1O Rg=1 00
BlockSize=1024

AMPHENOL DDR4
CONN MPN:10124677

s MT40A1G8PM
1Gb - 78-ball FPGA

RDIMM PCB
R/C D1 FORMAT 2 oo0s
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System Models - IBIS Models — RDIMM RCD
MICRON SDRAM MPN: MT40A1GS MICRON SDRAM ibis model (z91b.ibs) was edited by
setting the C_comp = 1pF as per the min, typ, & max
| z91b.ibs * IBIS 4.2 Model allowed input/output pad capacitance for CAC and CLK
| 8Gb DDR4 SDRAM - Die Revision "A” pins, this is defined in the JEDEC JESD82-31A
I This Model is valid for Commercial Temperature Range 0C<=Tc<=95C standard, Table 139

| Valid for DDR4-1600/1866/2133/2400/2666 operation
| Models *_2666 are applicable for speed grade 2666 Mbps (-075) and below

|
| Part Number VDD/VDDQ Architecture Package

_LMT40A2GAPNM 12\ 2\ 2Gh x4  738-Rall FRGA
| MT40A1G8PM 1.2v/1.2V 1Gb x8 78-Ball FBGA — Model used for simulation
| MT4A0A512M16HA  1.2V/1.2V 512Mbx 16 96-Ball FBGA
| MT40A2G4Z791B  1.2V/1.2V 2Gb x4  Bare Die
| MTA0A1G8791B  1.2V/1.2V 1Gb x8 Bare Die
| MT40A512M16291B 1.2V/1.2V 512Mb x 16 Bare Die
[IBIS Ver] 4.2
[File Name] z91b.ibs
[Date] 09/22/2014
[File Rev] 1.0
[Source]  From silicon level SPICE model at Micron Technology, Inc.

For support e-mail modelsupport@micron.com

PROJECT X CCA DDR4 RDIMM - MTA9ASF1G72PZ - 8GB

R/C D1 FORMAT
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RDIMM EM Extracted Model — ADD[7:0] + CLKO

*ALL CAC net return ports reference VDD not GND. . e e
CLKO_t/ CLKO_c return port does reference GND E vromr D

55 EM Extraction based on UDIMM Layout Data: PC4-RDIMM_RC_D1_R100_V200_20160408.zip
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RDIMM EM Extracted Model — ADD[7:0] + CLKO

|§3§ S-PARAMETERS l [ spouput |
S_Param SPOQutput
SP1 . . °_° —  SPP
Start=0 Hz FileName="DDR4 PC4 RC -D1- RDIMM comei}ed AQ AT CLKD’I SnP2
Stop=10.21 GHz ile Type=touchstone File="PC4-RDIMM_RC. D1_R100_V200_20150915_RDIMM_RC_D1_ A0 A7_CLKO_RES_U3 sio"
. . Step= Format=MA R _ . L. L. . R . . .
— = =
A0 W ]
3 +
A 1 TermG TermG
-" irc) I A E— ,!"\é" TermG.
g . — . Num=t . [FFEAem Num=2 - e
T TermG S —rEn 70 Ohm EMG
A2 s o FaA Ao e
C TermG Hfgizh = R Nfg\:ﬁ'h o 1ermG
A3 WV TETmGS g%hm TermGeE LV VvV
T TermG E‘ngffmm Nygr]):f)hm TermG
Ad AN TErmGT = H%hm = TermGE [ VWAV
. o—— Num=7 . . . 3 A . . . Num=8 —
TermG —50 Ch T 250 Ch TermG
A5 - e - 00m T[] T o
NEIET[‘):gh = TermG 3 TermG HEEHD:CL:
Ag  FEom [V —memor— W [ et o
AT r T TermG t“f?n:{ll : C : t“sz TermG
TermG L= 3 L= TermG
CKO t ' Egg TG TS L o0 Ohm RPN i ZEENE ermGTE Egg E
== Num=15 REEA G Num=16 -
CKD c 7 ermG ST e 2 —en g 1€MG
—_ VY TErmG 17 - TErmGTE [ Y Vv
. Num=17 —— T Num=18 a
TermG - 1 1 - TermG
TermG1g -~ 2750 Ohm 2750 Ohm ormgap
Num=19 . Num=20
Z=50 Qhm SnP Z=50 Ghm
SnP1

DDR4_PC4_RC_D1_RDIMM_compiled_A0_A7_CLKO0.s20p

PROJECT X CCA

ITA9ASF1G72PZ - 8GB

= W
165 - 78.ball FPGA

56

RIC D1 FORMAT

File="PC4-RDIMM_RC_D1_R100_V/200_20150915_RDIMM_RC_D1_A0_A7_CLK0_J1_RES.sio"

*All CAC nets shown include ideal 22Q series resistors model to RCD
*CLKO include ideal 120Q termination added in this model to RCD

EM Extraction based on UDIMM Layout Data: PC4-RDIMM_RC_D1_R100 V200 20160408.zip
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RDIMM Receiver Eye Mask at Registered Clock Driver (RCD)

TelVW_TOTAL

Velvw 0 0o LR |
_TOTAL

Figure 39 — CA Receiver(Rx) mask

DDR4RCDO02 input receiver to successfully capture
a valid input
signal with BER < 1e-18

*Table 109 is from JEDEC JESD82-31A

57

Table 109 — CA Input Receiver Voltage Margin and AC Timing by Speed Bin for DDR4-1600 -3200

Speed DR avo! | DDR4-2400 | DDR4-2666 | DDR4-2933 | DDR4-3200
Unit | NOTE
Symbol Parameter | Min | Max [ Min | Max | Min | Max | Min | Max | Min | Max
VelVW_TOTAL Rx Mask p-p - | 150 - | 120 - 120 - 110 - mv | 1.2.34
voltage total 100
TclVW_TOTAL | Rxtiming window | - 02 - losf] - Jo1s| - Joas| - ul 1.4
fotal 0.135
VIHL_AC CAAC inputpulse | 180 - [=TETe———1 140 - 130 - - mv 5
amplitude pk-pk 120
TelPW CAinputpulse | 05 - 0.4 - 0.3 - 03 - - ul 6
width 03
1CK2CA CKioCAofiset | 01 | 01 | 01 | 01 | 01 | 01 | 01 | 04 | 01 | 04 ]| 7
1CACA CAto CA offset -~ |ooa| - |ooa| - |o0a| - |o0o0a| - |oo4| w [
SRIN_cIVW Input Slew Rate 1 5 1 5 1 5 1 5 1 5 | Vins 9
over
VelVW_TOTAL

* Ul=tck(avg)min

NOTE 1: CA Rx mask voltage and timing fotal input valid window where VelVW is centered around Veent_CA({midpoint). The data Rx
mask is applied per bit and includes voltage and temperature drift terms. The design specification is BER =1e-18 -

MNOTE 2: Rx mask voltage AC swing peak-peak requirement over TclVW_TOTAL with at least half of VcIVW_TOTAL{max) above
Veent_CA{midpoint) and at least half of VelVW_TOTAL(max) below Veent CA(midpoint).

MOTE 3: The VclVW voltage levels are centered around Veent_CA(midpoint).

NOTE 4: Overshoot and Undershoot Specifications see Table 117 and Figure 50.

MNOTE 5: CA input pulse signal swing into the receiver must meet or exceed VIHL_AC for at least one point over the duration of TclPW for
any Ul during which there is a signal transition. No timing requirement above level. VIHL_AC is the peak to peak voltage centered around
Veent_CA{midpoint), which is defined in Figure 40.

NOTE 6: CA minimum input pulse width defined at the Veant_CA(midpoint).

NOTE 7: CK to CA offset defined within all ADD/CMD and CTRL inputs at DDR4RCD02 balls. Includes all DDR4RCDO2 process, voltage
and temperaiure varnation.

MNOTE 8: CA to CA offset is defined as the magnitude of the difference between the min and max CK to CA offset at DDR4RCDO2 balls
for a given component. Includes all DDR4RCDO02 voltage and temperature variation.

MNOTE 9: Input slew rate over VelV'W Mask centered at Veent_CA(midpoint). . This single-ended slew rate also applies to CK_t and CK_c.
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DDR4-2400 Write Results — A[7:0] + CLKO on RDIMM — MAX IBIS Corner
DDR4-2400 WRITE -ADD[7:0]AT RDIMM RCD (U3) gBEHSE ggg ::?"QSI\‘%%RSNER%%‘TH‘: 34 OHM
Analysis shown is for 1T Timing, with EIER.ICJ:»ntourTarget =1E-18 '. 2% RJ ADDED TO M ODELAT CADENCE SOC

ADAT RCD (U2} a Al AT RCD (U2} 2 AZATRCD{UZ) a AIAT RCD(UZ) ol CKDAT RCD(LUZ)

1=
Jc_.__"‘_?\.___r__#__—=

time, nszc

A4KT RED (U3) E0 =t ABATRCD (U3

Probe Point

DDR4 RDIMM

*Eye mask shown is as per JEDEC JESD82-31A, Table 109 for DDR4-2400 with BER TARGET = 1E-18. Tm—————— ) e ||

GnoeNcE 506

*Results shown include 2% Random Jitter injected at Memory Controller

AMPHENOL 0DRA ROIMM PC3
ORI o7

R/C D1 FORMAT
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DDR4-2400 Write Results —A[7:0] + CLKO on RDIMM — SLOW IBIS Corner

DDR4-2400 WRITE - ADD[7:0] AT RDIMM RCD (U3)

Analysis shown is for 1T Timing, with BER Contour Target = 1E-18

CADENCE SOC IBIS CORNER = SLOW
CADENMCE SOC DRIVER STRENGTH = 34 OHM

2% RJ ADDED TO MODEL AT CADENCE S0C

3_A1.5ERCanw

(4
Es

s C¥0 ATRCD {U3)

AT AT RCD (US)

2 300 4O S0

) time, psec

*Eye mask shown is as per JEDEC JESD82-31A, Table 109 for DDR4-2400 with BER TARGET = 1E-18. PROJECTX e

*Results shown include 2% Random Jitter injected at Memory Controller
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GnoeNcE 506

=5

Woro0d Sock Mode:

DDR4 RDIMM

T MT40A1GEPM
1G5 - 78-ball FPGA

AMPHENOL 0DRA ROIMM PC3
ORI o7

R/C D1 FORMAT
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