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Transitioning from PCle Gen6 to Gen7

MODSIM for Connectors

System Level Simulation — Connector plus Cable
Multiphysics Simulation for Connectors and Cables
Measurement and Data Processing with IdEM

Inspector — Connector Assessment Tool
PCle 5.0 M.2
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Simulation for PCle Gen7

» Example paper: Navigating Signal Integrity Challenges: Transitioning from PCle
Genb6 to Gen7 by Amphenol FCI

« Key Challenges for PCle Gen?7:
- 128 GT/s data rate using PAM-4 modulation.

- A pad-to-pad channel loss budget shift from
32 dB @ 16 GHz to 36 dB at 32 GHz.

- Card Electromechanical (CEM) Connector must
accommodate increasing frequency range whilst
maintaining current form factors.

Connector

Baseboard

https://www.signalintegrityjournal.com/articles/3462-navigating-signal-integrity-challenges-
transitioning-from-pcie-gen6-to-gen?
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PCle Gen7 Simulation Requirements

PCle - Differential Inpedance
Rlsetlme 10 ps (20—80%)

» Impedance
» Return Loss ' /\ J
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» Eye Diagram
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https://www.signalintegrityjournal.com/articles/3462-navigating-signal-integrity-challenges- Skipped valies less or equal 0 Ve fe

transitioning-from-pcie-gen6-to-gen7 Eye diagram for reference only
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Eye-diagram in CST

» Different types of encoding available:

« 8b/10b: encoding of 8 bits by using 10 bits.

e 64b/66b: encoding of 64 bits by using 66 bits.

¢ 128b/130b: encoding of 128 bits by using 130 bits.
« 128b/132b: encoding of 128 bits by using 132 bits.
« PAMA4: Pulse amplitude modulation with 4 levels.

e PAM_N: Pulse amplitude modulation with N levels.
 DBI8: 8-bit Data Bus Inversion

Eye

Skipped values less or equal 0 Time / ns

A typical PAM4 eye diagram
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PCle Gen7 Design Options: Add-In Card

» Solutions:

¢ Reduce wipe length
 Position of inner ground plane layers — reduce NEXT
« Blind vias —improve IL

» Signal Integrity vs Mechanical Requirements

» Reduced wipe length improves SI, but challenge for mechanical integrity
« Multiphysics considerations

Signal layers: Blind via structure connecting
Layer 2 and Layer 5 Layer1 GND layer to Layer3 GND Sy

|- | o N /

https://www.signalintegrityjournal.com/articles/3462-navigating-signal-integrity-challenges-
transitioning-from-pcie-gen6-to-gen7
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AIC design of PCle Gen7 CEM connector
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MODSIM: Modeling + Simulation

LA tyg
Class 4 Project Management o—l_.
Requirements : oo s cumese @
Class 3 “ e
Architecture

V+R Test & Validation
Modeling Simulation
Class 1

Reqemert

el el o 2 e e el

B &

Design Space Exploration

Processes & Democratization

Change Management

Collaboration & Analytics
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MODSIM: Modeling + Simulation

SolidWorks Parametric CAD CST STUDIO Suite Electromagnetic Simulation

. SIMUTECH T8##% 55 simuLIA



Electrical Design — Socket Line Impedance Calculation

Impedance Calculation X
Setup
| Ditferential Stipline ~ | Length unit mm

Frequency: GHz
Ge umelry Data
* m -
Line length: 99996 -01
Permittivi ly
Include Disper
Impedance static
eps_eff = 480 Phase shift = 3147 +01

[Calcuiate || Buid30 | Eit || Hep |

Structural considerations — stiffness of board, pin seating and retention

SIMUTECH 18#l#%; 55 simuLIA



Electrical Design — Line Impedance Optimization

10

Pin card relative permittivity optimization
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Socket Signal Integrity Design

-

Right angle connection to PCB Design transition for minimal reflection

v SIMUTECH TBfE 55 simuLIA
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Socket Signal Integrity — S Parameters

e b e b e e e
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Plug / Socket Transition Design

Structural considerations —sliding parts, insertion force, fatigue

Plug inserted into socket Plug springs in contact with socket pins

» SIMUTECH $18%l#: 55 simuLIA
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Plug / Socket Signal Integrity — S Parameters

Connector Interfaced with Test PCBs

SIMUTECH *2E#%

N

S-parameters [Magntude]

\ —
.........
51,1
1 2 4 5 678 10 Pl
Frequency / GHz
Mx 1D [Real Part]
— DR
05 08 09
Time /

DZY SIMULIA



Plug / Socket Signal Integrity — Design Iteration 1

meters [Magntude]
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Socket Signal Pins Shortened
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Plug / Socket Signal Integrity — Design Iteration 2

Gap Between Socket & Plug Gaps Around Plug Pin Springs Side Retention Springs
Housings

Structural considerations — sliding parts, insertion force, retention, fatigue

o SIMUTECH TBfE 55 simuLIA



Plug / Socket Signal Integrity — Design Iteration 2

TDR 51,1
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EMAG Performance not Adversely Affected by Structural Requirements
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Plug / Socket Transition EMC Performance

Radiated Emissions Radiated Emissions — H-Field

Hi

ted Ems...2.5 GHz Sgnal
= Radited Ems...500 MHz Signal
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Plug / Socket Transition EMC Performance

Plug / Socket EMC — Radiated Emissions (RE)

Gap (Shield / PCB)

o SIMUTECH I2BE#&

RE (Class B) |
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Full System Simulation

Simulate Full Channel Sl

Performance Electrostatic Discharge

https://simutech.com.tw/article/content/370

. . Add Cable to Connector | 5
» SIMUTECH TEBE#l DS SIMULIA
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System Level Simulation — Connector plus Cable

-———

” o

Differential mode with 90Q impedance

S

» Mated connector
» Fmax = 11.52GHz for 50ps Trise (20% - 80%)

» T-solver hexahedral mesh (22M mesh)

» Energy decay -40dB

» Open boundary in all directions

» Copper 100% IACS and LCP for plastic component

SIMUTECH TEBf# 55 simuLIA

Simplified 3D cable cross
section



System Level Simulation — Connector plus Cable

» Differential insertion loss -7.5dB @2.5 GHz for mated cable assembly

H = DDII mated cable
i == DIf_IL_Spec

connector connector
Input Output

=P

-30

0 2 4 ] 8 10 12

Frequency / GHz
Circuit simulator 5.3dB loss @2.5GHz
CST DESIGN STUDIO™ ' .
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Creating 3D Cable

Cross Section x
y [mm] UsBr2

a4

14

ot
‘ picks per unit length

aperture

32 A i ] Create 3D Cable

’ Create 3D cable

y
~
;

» SIMUTECH T8##E 55 simuLIA



CST MPHYSICS STUDIO®

Shared GUI
Seamless EM-MPS link

IE

Loss

Y

mii.

Temperature

Deformation

» SIMUTECH *18%E#

Glassic Thermal

=  Steady State and Transient
= Tetand Hex Meshes

= Moving Media

\s__ Bio-heat transfer

@njugate Heat Transfer

= Solve thermal conduction, convection and
radiation using CFD

= Laminar and turbulent flow
= QOctree meshing, GPU support

= Fan, flow resistance, compact IC model,
K automatic altitude correction

e ;
Structural Mechanics
= Tet mesh, displacement, force

'y Thermal stress from temp distribution

20N

DZY SIMULIA
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CST MPHYSICS STUDIO® for Connectors

=-Ea Tasks
=Bl Block1 [EMSSCHEM1]
=& 3D Model Results
E3 1D Results
Ea 2D/3D Results
[72] Cument Port Parameter
[72 Loss Power
{2 Themal Losses
B PP
(=] E{ ThemalSimulation
=-E& 3D Model Results
E3 1D Results
=-EJ 2D/3D Results
[t2] Heat Flow Density [THs]
[E] Temperature [THs]
|t2 Themal Volume Losses (el.)
3 Excitation Signals
72 Heat Flow Values
=8| Mechanic
= 3D Model Results
E3 1D Results
=G 2D/3D Results
@ Displacement
B3 Strain
[-[E@ Stress

@ Temperature change

Automatic update all tasks!

SIMUTECH t88#%
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\ deformed structure
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BENEHMRT Cable ZhiE B

» 27 current & 300A - &8 Js solver BI5TE B Z Thermal loss & 7.9W -

» FMIfERA CHT solver ¥ b5 S ET1EEE - TLIFE R 300A ERMIBRT - Cable PO SIRESRE
#Z27 94.6°C - Cable REHYmERIZREI Y 86°C -

Quter surface
86°C

Temperature Field Distribution

CSTERI : BENEHEE R IEFECableZ 5 #E

2% s i M u T E C H i_ﬁ*ﬁlﬁ https://simutech.com.tw/article/content/374 D7S SIMULIA
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System Level Simulation

Motherboard

[r———

Strobe

Sockets

le— + DIMM PCBs

=
a

RERRRRERR

IBIB IBI3 IBI3 IBI3 IBI2|IBI3l|15I2| IBI? I I3 I 2
IEE

(e 8] B o] o] o] o] 8] B

SIMUTECH *88%

» Passivity/causality violations can give
inaccurate models

» Errors from measurement data:

 improper calibration and de-embedding
e human mistakes
¢ measurement noise

» Errors from simulation data:

+ poor meshing

* inaccurate solver

« bad models or assumptions on material properties
¢ human mistakes

 improper use of data interpolation or extrapolation
features of the solver

 putting together results from two solvers

DZY SIMULIA
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CST Boardcheck: Rules

EMC Rules

S| Rules

Auto-Tagging x

[& Losd.. [J) SaveAs.. [ Update differential pins

2 NetClases [3 Signal Specifications [ DDR4 Signal Type  §§ Components

S1gnal Specificabons Net Name

/B8 UsB 1.1 HUSB1* "

2 |[E§ UsB 20 ISEZ*

[ |8 UsB 20 USB3*

|8 FCle L1 *PClel*

= |BE FCle 2.1 *PCle2*

2|8 FCle 30 *PCle3*

[ B8 SATA TSATA*

%] Hypertransport (AGE) *HYPER*; *AGP*

[ |8 DDR DDRI*

[ | DDR2 DDR2*

[ |E8 DDR3 DDR3*

[ |8 DDR4 DDR4*

[ |B8 HSTL CL1 HCLL*

4 |Bg BSTL CLZ HCLI*

[ B8 HSTL CL3 HCL3*

2 |[Bg BSTL CL4 HCL4*

M SSTL_3CLI *SSTL3CLI*

[~ |8 SSTL_3CL I HESTL3CLI*

_E_i SSTL_2CLI *SSTL2CLI* v
ey

|

m
(i)

- [¥] Signal Reference

- [ Net Crossing Split
- [] Net Changing Reference
Met Near Edge of Reference

- [J] Wiring/Crosstalk

- [] Critical Net Near IjO Nat

- || Exposed Critical Trace Length

- [Jf] Critical Net. Isolation

- [ ] Critical Differential Net Isolation
- [] Critical Differential Net Matching
-« || Wide Pawer|Ground Traces

- [¥] Decoupling

- Decoupling Capacitor Density

- || Power Pin Capacitor Distance

- | IC Power|Ground Pin-Via Distance
Decoupling Cap Distance to Via

- || Power|Ground Trace Decoupling
|| Power Via Density

- [¥] Placement

- [¥] 1f0 Filker Distance
- [] Distance From Oscillator ko Clock Driver

= [¥] Net Integrity

Net Length

Net Coupling

- | Exposed Critical Trace Length
- [¥] Net Stub

- [¥] Net Crossing Split

Net Near Edge of Reference
Between Ref Plane Routing
=) [¥] Via Integrity

- [¥] Unconnected Via Pads

- |¥] Via Clearance QOverlap

- [#] Via-=Net Coupling

- [J] Via Stub

(=) [] Power Integrity

- |¥] Wide Power|Ground Traces
= Decoupling Capacitor Density
- Power Pin Capacitor Distance

e Decoupling Cap Diskance to Via
- || Power/Ground Trace Decoupling
- || Power Vias

SIMUTECH t88#%

- || IC Power|Ground Pin-Via Distance
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'Virtual' Calibration

In CST MWS:

SIMUTECH t88#%

[ Modity Waveguide Port
General
— g |
S caxd |
Label: | —
2opy |
¥ oY 02 —
Preview
Orientstion: @ Positve  (/ Negofive ‘
el

Text sze: 0
[¥]Limit text sze o port ares

Positon

Coordnates: ) Free  ()Fdiplane @) Usepicks

Urin: D - 00 Umax: 124366 + 0.0

Umin: D - 00 Umax: D.555 + 10%h

[IFres normal positon  Whas: D

Reference plan=
Distance o ref. plans: -10

Wodk settngs
V] Muitigin port

In laboratory:
Multiline TRL calibration kit

ng SIMULIA



IdEM-Based Simulation Flow @ SiPtanalysis

Motherboard

== =
Tk

IEEEEEE

ai—] |

sssss

v HE=S]
Wit

(6) Circuit solver

|

=R )
i

(1) Electrical interconnects: showcases

@ IdEM output surrogate model

1--111
&

Connectors ‘ ‘
Vias, via fields : S ."
== .

® |dEM

Packages i’

. PDN
T p— 4 = i
f \f/ Backplane links ’ ’
j Y S, S,
- . -/ \ S
m o : f r_/ z;l ‘;?l kAl 2
_"j T [ S, Se S Sy
o | (3) EMAG output
o S-parameters
O Data certification or Touchstone file

O Model generation: passive and causal
U Frequency-time domains: bridge the gap
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Inspector ﬂg

INSPECTOR

» A new tool to aid the signal integrity assessment of connectors.
» Simple to use.

Read S-parameters
(Touchstone)

|dentify port numbering

Developed by Simutech

+ SIMUTECH 88
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Inspector :

INSPECTOR

Specifications

» USB4 Gen3 Mated Connector Signal Integrity.
« In accordance with Table 3-29 USB Type-C Cable and Connector Specification, August 2019.

» PCle 5.0 M.2 Connector Signal Integrity for 32.0 GT/s.
 Inaccordance with Table 6-3 PCl Express M.2 Specification, Rev 5.0, Version 0.7, June 24, 2022.

R ——
AT

i

5

gﬁﬁ
2

|

Victim

I FEXT Aggressor

332.5-3 B.x K‘*IH:G 5.55-5.5.

EEEE E(55|5|8|8
aff:2

(ZEEE Ry s £&

Figure 6-25. Far End Crosstalk Victim and Aggressors for the PCle
Based Pinout

32 SEMUTECH iﬁﬂ? Crosstalk Definition




Inspector
PCle 5.0 M.2 Connector

» The assessment requires the calculation of
component contribute integrated crosstalk
noise (ccICN).

» Inspector can help with the post-processing
required for the assessment.

« SIMUTECH $18%E#

as ARG DY) s

f: m_:%M | PERRO —— FEXT Aggressor
=T -

ad ALERT# (0)(0/1.8V)

42 SMB_DATA (HON0/1 8V) 1 m ‘:?

“0 0

38

] . | victim

* 35
u —hi
3z

30 : kL
28 S

26 27

Y —— FEXT Aggressor

23
21

&|&
ipid

HEHEE]
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Figure 6-25. Far End Crosstalk Victim and Aggressors for the PCle
Based Pinout

Crosstalk Definition

Equation 6-1.Component Contribute Integrated Crosstalk Noise — ccICNnext

[

ccICNygxr = J—d[ Z(—)slr142(k df/fp)10

et (K),
(z_rLﬂ*,[ ] MD"EXTUU

l+(7—)‘“1 +(

Equation 6-2.Component Contribute Integrated Crosstalk Noise — ccICNrext

[

_— 1df’§’(ﬂnz) i df/f)m('lp,.m.m.,...m it ehihast ), 1 1 L0
cclCNpgxr = (5 sinc?(k o, 10 P
2 T, K-df . Kl
J = 1+(7--£l P+ )
27.75.
3 pre-channer () = ~C22) k-4 , Ipose-cnanner(K) = ) k.df
Q fuw = 24 GHz, fur=10 MHz, df = 10 MHz, /b = 32 GHz
Q  Arr= 800 mVpp, Ant= 800 mVpp
Q fr=31.53GHz, fr=24GHz

cclICN Definition

INSPECTOR
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Inspector
PCle 5.0 M.2 Connector

» Complete the connector analysis in CST and
export the TOUCHSTONE file.

» Import the TOUCHSTONE file into Inspector
and specify the pin layout.

« SIMUTECH 88
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PCle 5.0 M.2 Connector

INSPECTOR

Differential Insertion Loss Differential Near End Crosstalk
0 0
a1 -10 A
@ -20
g g
E 5 ~30
g —40
-4
o
-5 T T T T T T T —60 T T T T T T T
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Frequency, GHz Frequency, GHz
Differential Return Loss Differential Far End Crosstalk
0
5 -10
1o
—20
3 -151 ®
g 5 301
S 20 E
£ £ o]
2 —25
-50 —/
0]
—35 —60
° All plots and tables are compiled
35 s I M U T Ec H 0 0 5 10 15 20 25 0 3 e 0 5 10 15 20 25 0 35 into a report
Frequency, GHz Frequency, GHz
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e
Inspector :
PCle 5.0 M.2 Connector

Signal Integrity Requirements and Test Procedures for 32.0 GT/s M.2 Connectors

Differential Insertion Loss (DDIL) Pass Pass Pass Pass Pass

Differential Near End Crosstalk (DDNEXT) Pass Fail Pass Fail Pass

Differential Far End Crosstalk (DDFEXT)

All plots and tables are compiled

SIMUTECH t88#% into a report




Inspector

Additional Functions

Combine and normalize
Touchstone files

impedance ] bur
20 O]
(50 or 42.50)
1 NO, ©5
4
Renormalize : '

S-Parameter "% U

Port 1 l
Arbitrary ‘ DUT
impedance D i s)
) (
L ]

» SIMUTECH $18%E#
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INSPECTOR

Auto-report function for
antenna simulations

o| @4
l Report Output: Farfield Plots ﬂg

InNSPECTOR

Farfield 3D - Array 3 Port9 @z7.seuz

Farfield 3D - Arr:yJP rt13 @27.5GHz l

ﬁ

Farfield SDAmyJP 14 @27.5GHz l

Farfield 3D - Amy 3 Port10 gz1 5GHz

'l - &
: Farfield 3D - Arrly! Port 1@2759“2 A 1 Farfield 3D - Amya Poﬂ15g2756"l
Farfield 3D - AH'I13 Pongn S5GHz ‘ {
" » T »
l ; P, | ‘ : ‘
= £ = |
Qﬂ @m ' Gimr @
If

Plots are created for every output
requested, and compiled into a report

» SIMUTECH 188




Inspector Links

» Inspector FRER I EREE
https://simutech.com.tw/article/content/292

» Inspector 2023 K = #1EEIEINEE
https://simutech.com.tw/article/content/324

» Inspector 20233 5 = #7 PCle 5.0 fRsi#81% IN5E
https://simutech.com.tw/article/content/341

> [ R#R]
InspectorffiINAE - AutoReportBl B A ITIREZEA New &

https://simutech.com.tw/article/content/350

SIMUTECH TEBf# 55 simuLIA
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Summary

» PCle Gen 7 will require high speed connectors and add-in cards to enable fast data transfer.

» 3D simulation is essential for high-speed Sl analysis.

» CST Studio Suite provides a suite of solvers for EM and Multiphysics.

» MODSIM approach for modeling and simulation.

» System level simulation enables mixture of 3D and schematic analysis for complicated systems.
» Multiphysics considerations cannot be neglected — MPHYSICS Studio included in CST.

» Enhanced models for system simulation using IdEM.

» Additionally, Inspector is very useful for post-processing PCle connector analysis results.

» SIMUTECH T8##E 55 simuLIA



Contact Us

TAMKRMNABRLE

For more information, contact Simutech Solution Corp.
https://simutech.com.tw/product/index/25



https://docs.google.com/forms/d/e/1FAIpQLSclJiWGSkdBz2f-p6eGS62ZOGaPFhxrExQYko0moHvINSjMEw/viewform?usp=pp_url
https://simutech.com.tw/product/index/25

Contact Us

TAMKRMNABRLE

For more information, contact Simutech Solution Corp.
https://simutech.com.tw/product/index/25
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