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Accelerating High-Speed Digital Design
Workflow with Keysight ADS
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» Keysight Advanced Design System Software — High Speed Digital Solutions
 ADS Memory Design Workflow — Memory Designer

* ADS SerDes Design Workflow — System Designer for PCle®

« Conclusion
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High Speed Digital Designs Are Already Complex!

The challenge of today’s hardware designer

» Design margins continue to shrink and speed
increases, there is less room for error in your
design

» Hard to collate results, gather insights into the
design and optimize the design

 After a small production run, it can be difficult to
troubleshoot issues found

* Uncertainty for product reliability leads to
significant risk to design schedules

» Hours of setup time before the first simulation

» Topology and configuration changes require
multiple schematics and many parameter values
to sweep through
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ADS HSD Design Flow

ADS accelerate High-Speed Digital Workflows

Pre-Layout Post-Layout / Verification/Measurement
Pre-investigation of channel EM simulation of Design for Signal Verification of Design with Compliance
performance and Power Integrity Test Benches and Instrument
measurements
e FlexDCA
N1000-Series

System Software

Software:  A.06.01
Hardware: Remote DCA

1. Board A Channel Fm e

SNP3

M‘ ISE\:SIGF!T

DDR4 Test Report
Pass

I..\

Tl
T AMI

Package Board

‘_mr .V ;; :;““ lllllllllll
Connector - F5
e
Channes =
. ChannelSim 1 3 C

- NumesOfBits=100000
Tolerancehlode=Auta
EnforePassiyyes
Mode=Bittiyot
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Memory Design Workflow



What Matters in Memory Simulations?

Simulator, Chipset Models, Channel models Simulation Technologies:
« Transient Convolution
________ « DDR Bus Sim

”¢”‘—— ~~~~~~\ d Blt'by'BIt
IBIS Models g AN

_ p o - Statistical
(Input/Output Buffer Information)

For TX and RX

IBIS-AMI Models
(Algorithmic Modeling Interface)

HSPICE Models

DRAM
Chipset
(Memory
Controller)
\\\ /// Pre- and Post-Layout

AVKEYSIGHT T Channel Models




What Are Typical Methods Used for Modeling the Channels?

i _KCU105

System Design (Pre-Layout) Workflow vs. Verification (Post-Layout) Workflow

— —

. . Substrate stack-up of | ° ==
System Design - Pre-Layout Workflow (no layout is done...) High-Speed Digital Board| - ==

- Rule of thumb Speed m =

» Equation-based circuit models —

» Static cross-sectional models

High-Speed Digital Board * B
for Simulation e
(only showing on Memory)

» Quasi-static electro-magnetic models

» Full-wave 3D electro-magnetic models
* FEM, FDTD, FIT, MoM, etc.

Accuracy

y

Verification - Post-Layout (layout is done and available)

Chipset
(Memory Controller)

=== e ‘ o ,
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SIPro Electromagnetic PCB Extraction

Layout to results in less than 20 clicks

File Edit View Tools Help | |‘{}——x3
Project Il
(RN Sk

4 [0 Design
4
4P Nets | ® DQ |
3l MCB1_DRAM_DQOO0
L 1ICB1 DRAM DQUL. |
L ICB1 DRAM DQ02 |
[ 1iCBL DRAM DQU3 |
3 1V(CB1 DRAM DQO4 |
g 1CB1_DRAM DQO5 |
) 1ICB1_DRAM DU |
R 1ICB1 DRAM DQU7 |
R \ICEL DRAM DQU8 |
el MCB1_DRAM_DQ09
) 1ICB1 DRAM DQ10 |
e 1iCB1 DRAM DQ11 |
[ CBL DRAM DQ12 |
[ \ICB1 DRAM DO13 |
[ MCB1_DRAM DQ14 |
P IVETEY ST

[ it 3

* No layout simplification required!
* Net-driven
» Guided port creation
* Quickly plot all crosstalk elements
from the same component
 Easily plot
TDR/TDT g
* Mixed-mode S-parameters
* One-click schematic
generation

Add Transmission
Add Return Loss
Add Near End Crosstalk
Add Far End Crosstalk

Specify Reference Impedance
Remove All Plots
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How SIPro Performs (Fast & Accurate) Analysis?
Hybrid Approach — FEM + Momentum

Variation along
Z-axis:
FEM Domain

Variation along
Z-axis:
FEM Domain

Key Takeaway
Keysight SIPro EM-Hybrid approach
provides faster simulation results
while maintain good accuracy as
compared to traditional FEM EM
engines

No Variation along Z-axis:
Momentum Domain
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What Matters in Memory Simulations?

Simulator, Chipset Models, Channel models Simulation Technologies:

 Transient Convolution
_________ e DDR Bus Sim

”¢”‘—— ~~~~~~\ d Blt'by'BIt
IBIS Models g AN

_ p o - Statistical
(Input/Output Buffer Information)

For Controller and DRAM

IBIS-AMI Models
(Algorithmic Modeling Interface)

HSPICE Models

DRAM
Chipset
(Memory
Controller)
\\\ /// Pre- and Post-Layout
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A . e,

4
IBIS: Input/output Buffer Information Specification "31§

 IBIS is an industry-standard model for characterizing inputs and outputs of Integrated Circuits
» Supplied in a data file written in text format (.ibs)

* Only the operation of the IO buffer is described

* Primary use for designing chip-to-chip serial links like Memory Modules and Boards.

* In digital circuits, from the viewpoint that it is good to consider the effects of reflection and crosstalk,
a solution is sought based on the characteristic impedance of the 10 buffer and wiring (reflection
analysis method)

* |IBIS Open Forum
e http://www.eda-stds.org/ibis/

 IBIS 5.0 was approved in August 2008, and an Algorithmic Modeling Interface (AMI) was added to
the existing specification

AV KEYSIGHT


http://www.eda-stds.org/ibis/

IBIS model

Example

Fu F1i
r 5 L_pka Fi_pig
O Clie i Chig
e 1 I
Tiigger [ C_pkg
oo I C_comg I g
Fd G = =
— ADS 60 £DS 14 .
| L ] I
+| srei w0 — T | 1.2
— Vdc=Vce V 4
_ E 1.0
< 20 7
1 € 0.8
) ] . > o
& = E 0 ‘E’ 06
) T 06
= " 0 Vpin, o 4 o B
e 1 |_Probe +V7DC a > o4
& ol pe I_Probe1 SRC2 — 2 1
+] srcs 90 - = Vdc=Vin V ] 02
= Vdc=1.0V - 40 -
- | 0.0
L = = 60 0.2 T T T T T T T
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Vin time, nsec
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iBIs

* Pullup, Pulldown, Protection Diode Power Clamp, Ground Clamp, Die Capacitance (C_comp) and Package RLC

[Model] IO_40
Model_type I/O

C_comp 0.4pF 0.39pF

Vinl = 0.1V

Vinh = 0.2V

|

[Temperature Range] 25.0000
[Voltage Range] 0.3V
[Pulldown]

IVoltage I(typ) I(min)
-0.8V —-20mA —20mA —-20mA
-0.4V -10mA —10mA -10mA

ov 0.0mA 0.0mA 0.0mA
0.4V 10mA 10mA 10mA
0.8V 20mA 20mA 20mA

I

[Pullup]

IVoltage I(typ) I(min)
-0.8V 20mA 20mA 20mA

-0.4V 10mA 10mA 10mA

ov 0.0mA 0.0mA 0.0mA
0.4V —10mA —-10mA —-10mA
0.8V —20mA —-20mA —20mA

I

[GND_clamp]

|Voltage I(typ) I(min)
-1.2V —-2mA —2mA
-0.2v 0.0R 0.0&
0.0V 0.0R 0.o0n
1.2000V 0.0A 0.0n

|

[POWER_clamp]

|Voltage I(typ) I(min)
-1.2v 2mA ZmA
-0.2V 0.0A 0.0A
0.0V 0.0A 0.0A
1.2000V 0.0R o.on

|

[ISSC PD]

|Voltage I(typ) I(min)
-0.2700V 15.0mA 13.5mA
0.2700V 0.0mA 0.0mA
0.3700V 0.0mA 0.0mA
|

[ISSO PU)

|Voltage I(typ) I(min)
-0.2700V —-15.0mA —-13.5mA
0.2700V 0.0mA 0.0mA
0.3700V 0.0OmA 0.0mA

0.41pF

120.0000
0.27Vv

I (max)

0.0Aa
0.0A
0.o0a
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Overview of IBIS-AMI Models ,’3’1§

Algorithmic Modeling Interface (AMI)

Modeling interface for Memory/SerDes behavioural Models — such as Equalization and Clock Data Recovery
(CDR)

Added alongside with traditional IBIS flow in IBIS version 5.0

Acts as a Digital Signal Processing block — takes input signal waveform and outputs a modified waveform

Developed by SerDes vendors to match and represent the actual chip behaviour

Data Out
>

Clock Out

Algorithms: Driver: Termination:

I
1 1
1 1 :
1 I
I - silicon routing ! . ]
- Gain - voltage swing ! - package ! : - impedance A'I:glzc)élthms.
- FFE - rise/fall time | - connector , 1 -clamps B CTLE
- impedance . - PCB ! ) DEE
I -
: - cables : X -CDR
|

e m e e e e = = = = — - eem o Em e o Em Em Em o Em Em Em Em Em s o Em e e e s = = = = = = = = = = = = = = e
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Memory Interface IBIS-AMI Model Builder
DDR5/LPDDR5 and PAM-n IBIS-AMI Model building wizard

Don’t have AMI model for DDR5/LPDDR5? No problem!
You can build your own AMI models easily and quickly!

E Memory Interface AMI Model Builder

Setup
Create a new AMI Model Folder or edit an existing one.

@ Create a new A

[demd
Create in: @

(O) Edit existing AMI

MName: AMI Model Type

Choose the type of model

E Memory Interface AMI Model Builder

ﬁ Memory Interface AMI Model Builder

Define AMI Parameters for Rx Controller
Define model parameter values or use default values,

E Memory Interface AMI Model Builder

Define AMI Parameters for Rx Controller
Define model parameter values or use default values,

E Memory Interface AMI Model Builder

Define AMI Parameters for Rx Controller
Define model parameter values or use default values,

Key Takeaway
Keysight ADS provided quick an easy
generation of IBIS-AMI models to
kick-start your simulation

(® Rx Controller
Name of model fo

@® Farmat Value [ Hide from .ami file . al I l I

(dll or .so
.Ibs

O RxDRAM Delay  Vrefcalbraton  CTLE  AGC  Compression  DFE Delay  VrefCalioraton  CTIE  AGC  Compresson  DFE  Clocking wrefcalbraton  CTIE  AGC | Compresson  OFE  Clocking  Reserved Parameters |4
O Enable CTLE Enable DFE Imaginary COR: [ ] This is a DQS/CK model
(®) Pole-zero individual values () Pole-zero preset () Step response d DFE_tap: Use crossing times as dock
mat Increment () Format List Enable forwarded dock waveform (GetWaved)
Wizard based IBIS-AMI model building process s et [ S
(O Format Corner typ: slow: 1002 PI_number_phase_step: |32 =
O FormatList >>Add>> 2 001 PI_parasitic_cutoff_freq:
<<Delete<< 3 -0.005 O Format Corner  +yp: slow: fast:
O Format List SoAdd>>
4002
pole2:
@ FormatValue  |-3en
i f r e e n C slow: Apply delay to forwarded dack
q o y p >>Add>> Delay unit:  ® inseconds (O inuI
Hs) = gy
5~ w5 — waa)
<<Delete<< Delay depends on signal index
Foetinti Fok2imti sccannd
CEP) EETY @
;j: Signal Index | Delay
_gain_ds:
0 2e-12
Format Value 50
FormatComer  yp: slow: 1 3e-12
poentd o=a o exd fean et Format List >>Add>> 2 4e-12
[ == ]
Frequency Response <<Delete<<
o . x 7
o o
8 *{H—— 8 ]
_5_,0 g min: max: add Delete Selecteq
- q
g 15 + \ E . HH .| Add Delete Selected
. View CTLE Frequency Response
o0 DFE_alpha value for DFE adaptation: |0.01 \ o]
as == 10— e m—
o1 H o o i o
Frequency GHz Frequency GHz
e 158 00, D 3 Wl 1L, o 38 5 30, 130, o 7
= =9 = ] [oma e oz | o | [

AN KEYSIGHT

+ Delay
* Vref Calibration
e CTLE

« AGC
+ Compression
 DFE

* Forward clocking (GetWave?2)

.conf (re-usable)

Extensive standard model features:



What Matters in Memory Simulations?

Simulation Technologies:

Simulator, Chipset Models, Channel models : :
« Transient Convolution

For TX and RX  DDR Bus Sim
T ~—~ » Bit-by-Bit
IBIS Models " i « Statistical

(Input/Output Buffer Information)

IBIS-AMI Models
(Algorithmic Modeling Interface)

HSPICE Models

DRAM
Chipset
(Memory
Controller)
RN _--~" Pre- and Post-Layout

AVKEYSIGHT T Channel Models



PathWave ADS Memory Designer

« Simulation Environment designed with the
Memory Design Engineer in mind

« Smart bus, components, and Memory Eye
Probe

* Multiple Simulation Engines
 Transient Convolution

 DDR BUS Sim
* Bit-by-Bit Simulation
+ Statistical Simulation

« Compliance Report Generation

» Single-Ended PAM-4 simulation capability
* IBIS-AMI model generation wizard

» CA Data Bus Designer

* DDR extraction wizard in SIPro

and much more...

DRAM

DD'R_Memary
3020 _DRAMI

DRAM

Memory S Viemory

0as
et |

DDR_Memary DDR_Wemory DDR_Memary
U2021_DRAMZ ua018_DRAMZ U201 7_DRAMS

Memory

Smart Bus Wires

Printed Circuit Board
) ) ) Teminations
CK+ VTT

—_—
)

il

Controller [

Controller

‘m,‘lrdemory DesignerSetup'
MD Setup

Key Takeaway
mart workflow to be efficient i
your design setup and
simulation results analysis

AV KEYSIGHT

MD Sstup
diamType=DD R4
Cycle=W rits

dat:

Contin
Bur: Mode=DDRE_ZICHK
Bur: ahode=DDRE_1.5tCK
call

s

o CA
Termination

Smart Components

Memory Probe

DR_FreLayout

E}B;!:Pv;l_;v;;ﬁ VRM & PDN



Example — Bytel (DQO~DQ7,DQS0 and DMO) on Platform Board

Simulation Structure, Setup, and Results

With 3D EM Model (SIPro)

...surement | ..ht.Height | ..surement | ..th.Width

EyeHeight 404.0m EyeWidth 2938p
Vias around BGA ans

A > |
B
c
[
o]
o
>
in]
™
g
O, 0.8
[=)
EI B
S Lot
o

04 1 T 1 T 1 I
0.0 625 1250 187.5 250.0 3125 375.0 437.5 500.0 562.5 6250
1 time, psec
x Printed Circuit Board " I e
1 - B
3 i’i !!_i i = @000

Vias around DIMM

k.

Verification Post-Layout
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Investigate Pre-Compliance for Sign-Off

Industry proven measurement science

Memory Probe

¥ DDR4 Test -- DDR4 Device 1

File View Tools Help
Set Up | Select Tests | Configure | Connect | Run | Automate |Results

lesthame [Actual value

@ VSEH(Clock Plus) 842.762500000 mV Information Only 4
VIH.CA(AC) 764.681000000 mV 5.2 VALUE vrefCA_Volt+0.1 V 68
Overshoot amplitude (Address, Control)|-523.389000000 mV 972.3 VALUE <= 60.000000000 mV |68
tIS(base) 460.5 ps 642.7 |VALUE >= 62.0 ps (]

©OO0

Memory_Probe
Memory_Probe

KEYSIGHT

TECHNOLOGIES

DDR4 Test Report

kel
m
w Pass
1= r T
™ Trial Summary Actual Value Test Configuration Details
; Completed: Mean 798.2 mv 14.03 % 798.2 mvV Device Description
Passed: 68 StdDev 9.627 mv 1.375 % 9.627 mV Custom Data Rate [NT/s] | 2400
—— o Range 54.92mV 7.846 % 54.93 mV Test Mode Custom
alled: Min 764.7 mV 9.240 % 764.7 mV ?ur‘ﬂ. Trl“erlng Method :: or Wrt ONLY
= PODRE o
WETEE 18 |Max  819.6 mV 17.09 % 819.6 mV P 5
Max Displayed: 1 | sum 54.28 953.8 % 54.28 V . Test Session Details
Trial 18 764.681000000 mV 9.2% 764.680981636 r Fiun Wode ADS_Automation
Infiniiun SW Version €.308.516.0

Compliance
Probe

Infiniium Model Number HEGFBRA
Infiniium Serial Mumber | ho Serial
lication SH Version 2.99.0048.8

Debug Mode Used No
Compliance Limits DOR4-2400 Test Limit (official)
ADS Version hpeesofsin (*) 518.gdevelop
ibis_type 4.8
bit_rate ghps 2.4
Messages Last Test Date 2019-91-10 12:07:16 UTC -@6:08 | | | | ’ | | | | ’ | | | | | ‘
Summaries (click for details) | | | | | | | | | | | | | | |
2019-01-24 11:49:58:408 AM Ready Summary of Results
2019-01-24 11:49:59:025 AM Concord Mode Enabled i TR T
A Aea . Test Statistics Margin Thresholds | |
2019-01-24 11:50:04:463 AM Automation Started TR e -
2019-01-24 11:50:04:582 AM Automation Ended Passad <0 % Com p| iance_Probe
-01- -50:04: 1 Total | 18 . -
2019-01-24 11:50:04:691 AM Run Started Compllance probe
2019-01-24 11:57:54:608 AM Run ended -
Pass | # Failed |# Trials | Test Mame {click to jump) Actual Value Margin | Pass Limits
i 8 4 WSEH(Clock Plus) 930916000000 my 168.8 Informaticn Only
& (e [] Owershoot smplitude (Address, Control) ~120.844700000 mv | 301.4 | VALUE <= GO.000000000 mv |
i @ 4 tCE(abs) Rising Edge Measurements 828 ps 10898 Information Only
B . o |e 4 1Jit(CC) Bising Edge Measuremsnts B ps 98,4 VALUE <= 83 ps
A t t “ k d d ® [e a £CK(avg) Alsing Edge Measurements 833 ps 2.0 833 ps <= VALUE <= 937 ps
U OI I Ia ICa y |nVO e an (@ [® @ tjitleer} Hising Edge Messurements 8 ps 48.5 | -42 ps <= VALUE <= 42 ps
& [e a crizper) Risin Measyr 7 ps 44.3 -61 ps <= VALUE <= 61 ps
[ & (e ] terr(3per) Rizing Fdge Measurements -6 ps 45,9 -73 ps <= VALUE <= 73 ps
Controlled by ADS & [e 3 rridper) Rigin Measuremen 6 ps 46,3 -81 ps <= VALUE <= 81 ps
(@ e 4 terr(Sper) Rising Edge 5 -7 ps 46.8 87 ps <= VALUE <= 87 ps
[ & (e ] r) Bis Measur P -7 ps 46.2 -92 ps <= VALUE <= 92 ps
& |e 4 terr(Zper) Rizing Edge Measursments S ps a7.4 87 ps <= VALUE <= 97 ps
& (e 4 terr(Bper) Rising Edge Measurements -5 ps 47.5 181 ps <= VALUE <= 181 ps
M‘ KEYS'GHT (@ [® a ferc(Sper) Rising Edge Pessurements S ps 47.6 -184 ps <= VALUE <= 104 ps
& (e 4 terr{léger) Rizing Fdge Measurements -5 ps 47.7 -187 ps <= VALUE <= 107 ps




Design Exploration with HTML Report

Pass/Fail & Eye, Waveform, Bathtub plots

* Design Exploration in Memory Probe now supports HTML report

Memory Probe

Memory_Probe
Memeory_Probe

« Pass/Fail for scalar measurements, otherwise output only plots (eye density, waveform data, bathtub, etc)

» Requires “Datalink” installation

KEYSIGHT

Memory Designer Report

Configuration Detai

Design Nasme DesignExpioration_DOR

Simulation Mods DORSM
Dram Typa DOR4

Data Rate 1600 MEps
Dala Cycle iite

Data Cycle Mode Contensous

Nurrsser of Bateh Points 3

Batch Index = 1, X=1.0

Summary of Scalar Results

€h0_U1_RxOutput_AD
Woasuroment Value Doviation{%) Pass o Fall
Eye Height [ 420 015V inin v Pass
6 0000010 506 (0
Eye Width 119975008 50c (0955 UT)| B89GB3 [infsec (048 Ultomt|  Pass
un
SiewRate Rise Min 47164 34 5093 04t07 Pass
SlowRatn Rise Max 479631 333882 0at7 Pass
Sawhate Fal Mn 456749 % 8562 0aw7 Pass
SiewRate Fal Max 473781 342787 0dto7 Pass
HeIgN AL BER = 1616 187V =) TV )
[RER] 628 0BV iV Pass
i 02510510 560 (0 522088 e 1o I sec (0 U1

MasK Margin Thming Margin UL o NA oy Pass
aak Marom Trming Margin UR_| 87380810 506 (0.317612 Osec to it sec 001 g

WMask Margin Timing Margin UR i NA o e P
sk Morgin g Margrn LL_|-901106-10 8¢ (0372038 o B
e ™ oo e 01,
Mask Margin Voliage Margn UL 033075V NA OV int v Pass
Mask Margin Valtage Margn UR 050175 A oy Pass
Wask Margin Voltage Margin L 0A0125 v NA OV itV Pass
Mask Margn Vollage Margn LR 053825V NA DV min v Pass
— T o ™ m
R 256778610 s0c (0 237422 - - -
e i o T ™ ™
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* Smart memory

Summary of Supported Memory Interfaces

Best design platform for Memory Systems

Forwarded clocking (GetWave2)

: IBIS-AMI
» Jitter tracki
e Nov2019 March 2021 Nov 2022
Nov 2021

design environment
« Compliance solution

Pathfinding
Interfaces

HBM3/

LPDDRS
LPDDR>5Xx

GDDRG6x/

Jllly 2021 + Single ended PAM4 for GDDR6x/7 EﬁM?’G
and DDR6
March 2019 « Memory Interface AMI Model Builder * Advanced Memory Interface AMI
Model Builder with PAM4 modulation

One Tool, Multiple Standards Covered! )

AN KEYSIGHT



SerDes Design Workflow



SerDes Design Workflow Key Takeaway
_ _ _ _ o _ Keysight ADS covers multiple
High-Speed Channel Simulation enables Chip-to-Chip Link Analysis SerDes applications

= PCle_channel 1 [HSD_video_lib:PCle_channel_Lischematic] (Schematic)17 =8| F58 =X

« ADS’s Channel simulation NEHA b HHX 90T +680B% &2 Rn BEA
A — T - R AN O Yok
enables complete chip-to- :
chip link analysis

PCI Express Channel Simulation at 2.5Gpbs using IBIS AMI Models

Built-in and EM Models Interface to other tools

package_model PICe_via_breakout P Cle_cannect tor PICe_via_breakaut package_madel
X1 %12 %13 %14 X15

== Eye_Probe
e prones

* IBIS-AMI Modelin SL
Tx@
-
TH_AMI RX
TR AMIT x
IbisFile="EE saf_| i "EEsof
IBIS-AMI | g n
= Pt Pi
o outn
Modeler, USB4 AMI Modeler o
_ cLin7 CLing
) ] M Ode IS Batf:pfse‘mm’wp Subst="Subst1" Subst="Subst1" Ba TS
ey - - Length=4000 0 mil Length=12000.0mil " © © sePkg=yes
= - P W(1]=5.0 mil W{1]=5.0 mil R4 R EQQDM__ gazupp
., S[1]=7.0 mil S[1]=7.0 mil R=50 Ohm &l = =
etC ‘‘‘‘‘‘‘‘ W[2]=5.0 mil W[21=5.0 mil R=500hn
g S[2]=20.0 mil S[2]=20.0 mil
'''''''''''' W(31=5.0 mil WI(3J=5.0 mil = =
£ S[3]=7.0 mil S[al=7.0 mil
Hertan W(41=5.0 mil Widl=5.0 mil
Layer{1]=1 Layer{1j=1
Layer(2]=1 Layer(2l=1
Layer(a]=1 Layer(3j1
Channelsim 1 Caveriai=1 Coveridi-1
MUGEETEEIE=0 RLGC_File= RLGC_File=
- - - - ToleranceMade=Auta oo = MLSUBSTRATE2
° ErforcePasshityeyes ReuseRLGC=no ReuseRLGC=no e
eri I spee Igita
H=3.8 mil

TanD=0.02
THI=1.2 mil

signal and power integrity pTII—————= e
design for standards like PCI : B
Express®, Ethernet, DDR,

HDMI, USB and SATA.

0 items. ads_devicedrawing 8.500, -6.500 11125,0125

e Measured vs. Modeled

Eye Diagrams
M‘ KEYSlGHT SR PRSIV | PN | YL | sEE | HERS | Sbam)

i




What Matters in PCle Simulations?

Simulator, Chipset Models, Channel models

For Root Complex, Retimer, Endpoint

1. IBIS Models
(Input/Output Buffer Information)

2. IBIS-AMI Models
(Algorithmic Modeling Interface)

3. HSPICE Models

Endpoint 1
10 inch RC to Retimer | ‘s_\m‘:
I
A b 4
Connector

I Low-Loss mu[o.g.wq

R e e e

Via
Topology 3 with Retimer on Baseboard using Low-Loss PCB Material

Root Complex Retimer Endpoint
- Interface between CPU, Memory - Compensate loss at high datarate - PCle End Component/Devices
and the rest of PCle Interface - Recovers timing of bits received (E.g SSD, GPU)

and retransmits the bit sequence

AV KEYSIGHT End-to-End System-Level Simulations with Retimers for PCle® 5.0 & CXL: A How-To Guide, DesignCon 2020



What Matters in PCle Simulations?

Simulator, Chipset Models, Channel models

AV KEYSIGHT

RC to Retimer/Retimer to Endpoint Channel

Pre- and Post-Layout Channel Models
1. EM Simulation Models

2. S-Parameter File models

Add-In Card (AIC)
3inch Rlsor A

Card Endpoint ’

10 inch RC to Retimer 2 inch Retimer e

A to Connector |

Root Complex f v \ i
' - timer

Rn
mmmmto.g.w

Topology 3 with Retimer on Baseboard using Low-Loss PCB Material

End-to-End System-Level Simulations with Retimers for PCle® 5.0 & CXL: A How-To Guide, DesignCon 2020



System Designer for PCle®

A smarter design workflow for PCle applications

Add-In Card (AIC)

3inch Riser
Card \ Endpoint

10 inch RC to Retimer 2inch Retimer

A to Connector

Root Complex ]

Retimer
T 0Bl CONRECtOF
[ [ 1 Low-Loss PCB Material (e.. Megtron-4
Via Via

Topology 3 with Retimer on Baseboard using Low-Loss PCB Material

« Supports multi-links and multi-lanes PCle system

* PCle_RootComplex, PCle_EndPoint, PCle_Repeater, PCle_Simulator, PCle_PreLayout, PCle PostLayout, PCle_Tline,
PCle_Probe, PCle_Compliance Probe, and PCle_Setup

» Dedicated PCle simulator
« Supports Seasim Interface
* Included PCle Compliance Tests

* Included PCle AMI model builder

F2fRren 02 D A N0E FOTSHE @ M =50 000000

= | apas
‘_‘W
PCle Probe . XX
(measurements: groups of signals) f * gy
l > o <lF: o <8 FEER
e s e e | S YA\ A
| PCle Probe SORRRDRPUR . o i e i i ———
> & < e _ﬂ’\_{;

Streamlined design and simulation workflow for PCle applications, Gen5 and Gen6 (PAM4)

Smart Components

AN KEYSIGHT

Simulation-PCle Designer

o
PCle_Designer_PostLa | --_ ] PCle Setup
File Edit Select View e
FokEenenston="5"
DEHS &, Cocoshmgameo
== Caarae=a2 EnforeP asshly-yes
U'ﬂ ﬂ'ﬂu L= b Sat-108mz
Sop=100 GH
Parts F x Sepe10 Grz
(O] CpenSparam Too K -y
Search all libraries T

Smart Bus Wire
(One click connectlon) 10 Inch Transmission Lines

PCle Bus T-Line |

PCle Root Complex | T |

(Easy model setup)
10 Inch Transmission Lines /
| [ PCleBus T-Line | PCle End Point | |

P 0e_RoaICompiET! PCie_BusTLRE!

PCie_EngRoint!
25



Example — Bytel (DQO~DQ7,DQS0 and DMO) on Platform Board
With 3D EM Model (SIPro)

Simulation Structure, Setup, and Results

PCle Root Complex

AN KEYSIGHT

PCle End Point

Forward Direction

Transmitter Output

Channel Output

Equalized Output

o
z o A A e n Al e o]
o R R S e | [E o0t
g o2 Ny e\ 02
Z oo ¢ 4 1
2 02 ik It R 3
TN S L b 3 eed
< 06

e

A

yyyyyy
0 % ® ® 101X

Backward Direction ‘

. I 5 ﬂ PCle Setup
T

“““““““

. PCle Root Complex

PCle Post-Layout

=

Verification Post-Layout =

26



Investigate Pre-Compliance for Sign-Off

Industry proven measurement science

¥ DDR4 Test -- DDR4 Device 1

File View Tools Help
Set Up | Select Tests | Configure | Connect | Run | Automate |Results
@ VSEH(Clock Plus) 842.762500000 mV
VIH.CA(AC) 764.681000000 mV 5.2

Overshoot amplitude (Address, Control)|-523.389000000 mV 972.3

tIS(base) 460.5 ps 642.7

Trial Summary
Completed: Mean  798.2 mV
Passed- g | StdDev 9.627 mv
. Range 54.92 mV
::”?‘:: Sa Min 7647 mV
orst: Max  819.6 mV 17.09 % 11.00
Max Displayed: 1 |Sum  54.28 v 953.8 % 611.0
Trial 18 764.681000000 mV 9.2% 7

EERNEEE]

14.03 % 8.985
1.375 % 1.377
7.846 % 5.000
9.240 % 6.000

Messages
Summaries (click for details)
2019-01-24 11:49:58:408 AM Ready
2019-01-24 11 025 AM Concord Mode Enabled
2019-01-24 11 463 AM Automation Started
2019-01-24 11:50:04:582 AM Automation Ended
2019-01-24 11 691 AM Run Started

:608 AM Run ended

2019-01-24 11:5

Automatically invoked and e

controlled by ADS

AV KEYSIGHT

Actual value NumOfMeas

Information Only 4

VALUE vrefCA_Volt+0.1 V 68
VALUE <= 60.000000000 mV |68
VALUE >= 62.0 ps 68

798.2 mvV
9.627 mV

764.7 mV

819.6 mV

54.28 V
764.680981636 r

wl KEYSIGHT

TECHNOLOGIES

Test Report

Pass

PCle Probe
| e

oo

<

RISER
CARD

Test Configuration Details

Application

Compliance Limits

Name [ D3e5ercIc PCIE
Version [5.1.0.8
Device Description
Device Name [ New Devicel
Test Session Details
Infiniium W version 11.30.86683
Infil Model Number | NE3ges
Infiniium Serial Number | (75353528
Debug Mode Used False

PCI-Express GenS Test Application (official)

Last Test Date

2824-84-3@ 16:36:57 UTC -86:00

Summary of Results

Test Statistics hold:
Failed 0
Passed 4
Incomplete | 0
4
Pass | # Failed | # Trials [ Test Name (click to jump) Actual Value Margin Pass Limits
[:] 1 i 62.50088 ps S@.ea88 % | 62.48125 ps <= VALUE <= UpperLimit s

(@ [e 1 1.247 ps 89.4322 % | VALUE <= TTX_UTJ_Limit s
1 [ 1 0.0000000000000 5 | 180.800 X | VALUE <= 6.250 ps

i a 1 Ix, Data dependent jitter (16.8 GI/s 38 as 1ee.ee8 % | Information Only

PCle_Probe
PCle_Probe

PCle
Compliance
Probe

N/

PCle_Compliance_Probe
PCle_Compliance_Probe



Seasim Interface for System Designer for PCle® (W3651B)

Support Seasim on Linux

PCI >=>
Express

PCle Simulator

PCle_Simulator <
PCle_Simulator1 | G rcie
NumberOfBits=10
ToleranceMode=A

Seasim configuration

B 2.0.88-51G-Edition - C:
File Include Help
Main S Parameters Jitter/Noise Adapt Equalizers Step Responses Configuration Sweep

sea (root_dir: CilseasimiSe...  — u] X

Use touchstone files Statistical Eye
Plot S-parameters Plat IS Intersymbol_Interference
e Thn ] Run with no dfe []
21X [m] PAM4 O
ForTest

relative path |step_responses

step

EnforcePassivity=
Other=
Mode=Bit-by-bit ”jijm T
Start=1.0 GHz

Stop=10.0 GHz

Step=1.0 GHz
Referencelmpeda
OpenSparamTooll

Seasim Setup

0K

[ PCle Simulation:2

AV KEYSIGHT

lative path  [S-parameters
X ichstone files

1e_4_lane_bit_to_bit_new_3_data\Sea

ds_simulation:PCle_Simulator Instance Mame |

"

Seasim Setup Other Setup

Setup Seasim Interface

Seasim location

Seasim executable C:\Program Files\Seasim2-SE_exe Browse...

Seasim config file /Program Files/Seasim2-SE_exe/ForTest.sea Brow:

View/Edit

Open Seasim Dialog

Load setup Save setup

Through Tx/Rx channel setup

Number of lanes 16

Link0_BWDO_TX_AMT ~ ThruTx [Pl 5% Thru Rx Linki_BWDO_RX_AMI

S-Parameter Frequency Plan

Start 50 MHz
Stop 32 GHz
Step size 50 MHz
oK Apply Cancel Help

ADS205

x2_SEASIM_data\Seasim\generatedSParamFile.sl6p

Rx=-Tx ports=[({3,4),(9,10)1,[(3,4),(13,14)],[(3,4),(1,2)],
[(3,4),(5,6)]

AaeEd Q=

1 D:\Projects\PCIe\HSL\PCIe_Designer_GreatDemo2024U2_wrk\data\PCIe

 ozsghtt Tlipe, 1)

Figure 2 - x
8 Fig
step=D:\Projects\PCle\HSL\PCle_Designer_Great+-+-+M_data\Seasim\generatedSParamFile.s16pX1
= t
Saved to this P UI=31.25ps NRZ v2.0.98-SIG-Edition
pwrj 0.08ps
cR=23 508
° %\L:J 108 pudd] 0.00ps
OlLstep=-7.1dB 1frj ©0.00ps
_10 R AIEq=-0.048 1fddj 6.00ps
utl 0.08ps @le-06
Tx SNDR
lanes 4
aggr align  center
nui 120
adapt_nui 88
precursors 2
Vtxp2p 0.8
curser block 4
preCompTxEQ False
vbin 0.483mV
60 | | | | | | thin 8.156ps
00 o0s 10 15 20 25 30 Adapt FOM  None
Hz lelo Tx FIR [-0.000,1.000,-0.000]
Rx FIR [1.000]
— wict step —allEQ DFE coeff (]
qsiep DEE guant 128
—nict == PSXT O X
i oh3 03my
025 " fe2i0omy. job=ForTest
hil v2.0.98-SIG-Edition
020 eh1s54.3my le-10
dfe0/h0 0.00 T o 0
1 IL=-6.5d8
015 : [\ [CR=24 8B L1
1 [ RxRL=-18.6dB
e ch ! O TxRL=-18.6dB | 5
eh g + ILfit=—6.521dB
005
e —10 1 g
. 0 ER ) pkiL=-6 508 r=3 %
i o f ”\;‘ Nha s ¥ pkiLD=-0.2dB o
S | \AAANAAANA D £
SEdbiiiaseisnnunes pkif g l i”.“i‘\"J\";w"\J\\"*\f“’v,".;“\’} A PKICR=23.3dB F—4 o
{181}
Y —20 v i i i Hf \J HI ‘\f Y SRR BRI [ pkRxRL=-13.4dB b
n | | 1 | LI ! O pkTxRL=-13.4dB L_s &
| 1 cclCN_F=3.279mV =
cclCN_N=10.677mV
cElCN=11,169mV
prelL=0.0dB 7
postiL=0.0dB -
-8
. t
0.0 0.5 1.0 1.5 2.0 2.5 3.0
lel0
Z0=[50.0]1*16
N Touchstone files: —iLD

XTKL (3,4).(13,14)

——XTK2 (3.4),{1.2)
——XTK3 (3.4),(5.6)
K

== PSXTI

—iCR
——RxRL (3,4).(3,4)

TxRL (9,10),(9,10)

— -IL Phase Delay




Conclusion



ADS HSD Design Flow

ADS accelerate High-Speed Digital Workflows

Pre-Layout Post-Layout / Verification/Measurement
Pre-investigation of channel EM simulation of Design for Signal Verification of Design with Compliance
performance and Power Integrity Test Benches and Instrument
measurements
e FlexDCA
N1000-Series

System Software

Software:  A.06.01
Hardware: Remote DCA

1. Board A Channel Fm e

SNP3

M‘ ISE\:SIGF!T

DDR4 Test Report
Pass

I..\

Tl
T AMI

Package Board

‘_mr .V ;; :;““ lllllllllll
Connector - F5
e
Channes =
. ChannelSim 1 3 C

- NumesOfBits=100000
Tolerancehlode=Auta
EnforePassiyyes
Mode=Bittiyot

AN KEYSIGHT T e




Conclusion

Smart Workflow for Efficient and Accurate Designs

PathWave ADS Memory Designer SIPro Electromagnetic PCB Extraction
R DRAM

Layout to results in less than 20 clicks

Simulation Environment designed with the
Memory Design Engineer in mind

+ No layout simplification required!

Smart bus, components, and Memory Eye

Probe + Net-driven

Multiple Simulation Engines + Guided port creation
+ Transient Convolution
« DDR BUS Sim

« Bit-by-Bit Simulation

* Quickly plot all crosstalk elements
from the same component

- Statistical Simulation . Easily plOt
+ Compliance Report Generation : o= CA TDR/TDT
- Single-Ended PAM-4 simulation capability “Mamory Termination * Mixed-mode S-parameters
+ IBIS-AMI model generation wizard Controller Smart Components + One-click schematic
+ CA Data Bus Designer Mermory Pre-Layout — generation
+ DDR extraction wizard in SIPro B omwal] S - S| 14
and much more... i gﬁg gﬂg @ 0006 :
AV KETSIGHT “r== VRM & PDN F—

“Addin Card (AC)

10 inch RC to Retimar.
A

System Designer for PCle®

A smarter design workflow for PCle applications

Via va
Topology 3 with Retimer on Basehoard using Low-Loss PCB Material

« Streamlined design and simulation workflow for PCle applications, Gen5 and Gen6 (PAM4)
« Supports multi-links and multi-lanes PCle system

+ PCle_RootComplex, PCle_EndPoint, PCle_Repeater, PCle_Simulator, PCle_PrelLavout, PCle_PostlLayout, PCle_Tline,
PCle_Probe, PCle_Compliance_Probe, and PCle_Setup

[— e e

« Dedicated PCle simulator
« Supports Seasim Interface PCle Probe [
* |Included PCle Compliance Tests (measurements: groups of signals)

+ Included PCle AMI model builder
5500 Do ot

) = Smart Components
Smart Bus Wire S (Easy model setup)

(One click connection) 49 inch Transmission Lines 10 Inch Transmission Lines
PCle Root Complex |

PCle Bus T-Line PCle Repeater PCle Bus T-Line PCle End Point
- .y /] L

ECE X
12 0 W% PR D Fe

AN KEYSIGHT
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