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High Frequency Requirements

» There has been a significant increase in the
performance requirements for signal and 2- 26T
communication.

- PCle Gen 5 operating at 32 GT/s
- Testing and simulation required up to 50 GHz

» Simulation is an essential part of component and

2-

16GT/s*

Theoretical Maximum Speed
o

system design.
» Components and systems should be validated early " 86T
in the design process. 56T I
25GT/s*
» Can only be achieved through simulation. .| N —
PCleGenl PCleGen2 PCleGen3 PCleGen4 PCleGen5

https://www.intel.com/content/www/us/en/gaming/resources/what-is-pcie-4-and-why-
does-it-matter.html
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What are the challenges in high frequency simulation?

PCle

» Components to consider: PCle Riser Cable PCB
, Connector PCle Riser

- PCB

. Connector g Cable
« Riser cable /

- Connector PCle

- PCB Connector

https://www.samtec.com/products/pciec-g5 PCB

» To perform the full simulation we need detailed information about all components and properties. Often not
available — need to use datasheet or test data.

» How can we address these challenges?
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What are the challenges in high frequency simulation?

» What information do we need for accurate » Geometry
simulation? » Material properties

Connector Riser cable « Complex, frequency dependent

» Ports (many)
|| Geometry Geometry | Cable » Mesh for accurate simulation
(EDA file) definitions/geometry
» Solver
. . Material properties Cable material .
— Material rt - . -
aterial properties roperties High frequency — 50 GHz
« Broadband simulation
—1 Surface roughness [PCB for edge card | > Post-processing

+ Geometry
+ Material properties
+ Solder

N y

— Connector
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CST STUDIO SUITE®

. SIMUTECH LT8B#&

Time Domain Solver

E Frequency Domain Solver
ﬁ Integral Equation Solver

@ Asymptotic Solhver

E Eigenmode Salver

Eﬂ Multilayer Solver

@ E-Static Solver

@ M-5tatic Solver

E Stationary Current Solver

LF Frequency Domain Solver

By LF Time Domain Solver

Complete Technology

Offer the most appropriate
simulation technique for each type
of application

4 general purpose solvers +20
application-specific solvers

» Covering EM + circuit +
multiphysics

» Seamlessly integrated in the same
intuitive user interface

* High performance computing
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CST STUDIO SUITE Products

 CSTMICROWAVE STUDIO
Our Flagship Product for 30 EM

Simulations for high frequencies

CSTEMSTUDIO
’ 3D EM Simulation for statics and low
frequencies

CSTPARTICLE STUDIO

e |nteraction of EM Fields with Free
i Moving Charges

CSTCABLESTUDIO
For signal integrity and EMC/EMI
analysis of cable harnesses

CSTPCBSTUDIO
For signal and power integrity and
EMC/EMI analysis of PCBs

CSTBOARDCHECK
For signal integrity and rule-checking
of PCB layouts

?E}‘ . CSTMPHYSICSSTUDIO CSTDESIGN STUDIO
# = Thermal and Mechanical Effects of lml Circuit Simulator, Coupling of 3D
B EMFields —== 4 \odels, System Assembly Modeling
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Geometry

» What do we need?
» What do we have?
» What can we get?
» What is important?

» Import from CAD, EDA

» What to do if we don’t have the geometry?

- Use Touchstone or SPICE model in system simulation
- Get protected model from the supplier?

» How can the Riser cable be included in the simulation?

« 3D model — how much to include?
- Is the bending and twisting of the cable important/significant?
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Geometry

CST Studio Suite

» EDA import function — build 3D PCB model

» Import from CAD

« Any 3D geometry
« Import from 3DEXPERIENCE

» CST Protected Model

¢ L BRI QO m@ > F A

> CST Cable Studio Import Cable New Cable Cable  Junctions Connect i Single Twisted Ribbon Coaxial Cable 2D(TY)  Impedance
Harness Node~ Topology~ Bundles~ - to3D @ EditMaterials  Wires Cables Cables Cables Groups Modeling  Calculator
H H Import Cabling Edit Cabling Cable Types Modeling
» CST Design Studio -
— . . o A
- Circuit — 3D co-simulation ; ;
- Multiple 3D models . e i i
- Touchstone or SPICE files . - x.;::‘:\::::?_ ,‘x -
P
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Geometry
Riser Cable

» Connector and/or edge cards

- 3D geometry
» Cables

- Start and end of cable — could be 3D for greater detail

- Use cable studio representation for more efficient modelling
- Co-simulation between cable model and 3D model
- Consider twisting or bending of the cables?

https://lwww.samtec.com/products/pciec-gd

o SIMUTECH TR

connector connector
Input Output
e S ]
’4_1 @ 4 4 \E—E
USB 3.0
cable
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Example: Full Channel Simulation

Microstrip to Stripline Stripline to Package Receiver IBIS
stripline traces microstrip parasitics 2
transition transition Eﬁ

miling k7_gix ami rx

iy 3 ,
8T z IBIS
k323t fiv00_Pkg Tis . k/_gti_ami memling Tserles gti m

1|

T

2 1| l\l
"_% 4 22) % 1
_gtx_tu/xilinx_Tgtx | —I\
k7 _gti_ami t
Transmitter Package Microstrip to Stripline with PCle Socket with
IBIS parasitics stripline meander  motherboard and riser

transition card stubs
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Material Properties

Metal
 Conductivity
* Roughness

Dielectric
 Permittivity (f)
 Loss Tangent (f)
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Material Characterization — Data Sheet

Typical Values Table

FR408HR

Lead Free, Mid Loss Laminate and H

Tg 190°C Td 360°C Dk 3.68 Df (

Dk, Permittivity

A Ll P

A @ 100 MHz
B @1GHz
C.@2 GHz
D.@ 5GHz

372
369
368
364

« SIMUTECH TR

h Units E 10 GHz
Property Typical Value Metric (English)
Glass Transition Temperature (Tg) by DSC 190 °C A @' 100 MHz
Decomposition Temperature (Td) by TGA @ 5% weight loss 360 c B @ 1GHz 0.0091
Time to Delaminate by TMA A T260 60 Minutes
(Copper removed) B.T288 »30 Df, Loss Tangent C.@2GHz 0.0092
A Pre-Tg 55 ppm/°C
Z-Axis CTE B. Post-Tg 230 ppm/°C o. @ 3 GHz 0.0098
C. 50 to 260°C, (Total Expansion) 28 % E @ 10 GHz 00095
%/Y-Axis CTE PreTg 16 ppm/°C :
Themmal Conductivity 04 W/mK ASTM E1952
Thermal Stress 10 sec @ 288°C A Unetched " . .
— Material properties on datasheet may not
— —
A @ 100 MHz 372 2553 p p y
B.@1GHz 369 2559 .
Dk, Permittivity C.@2GHz 368 - Bereskin Stripline f | | f d
D.@ 5GHz 364 Bereskin Stripline Cove r u re u e n C ra n e re u I re
E @ 10GHz 365 Bereskin Stripline
A.@ 100 MHz 0.0072 2553
B @1GHz 0.0091 2559
Df, Loss Tangent C.@2GHz 0.0092 - Bereskin Stripline
D.@ 5GHz 0.0098 Bereskin Stripline
i =i ;
i A. After moisture resistance 44x 107 Micm 25171
B. At elevated temperature 9.4x 10
A After moisture resistance 26x 105 . .
AT https://www.isola-group.com/wp-
Dielectric Breakdown >50 kv 2568 ' ' '
st e content/uploads/data-sheets/fr408hr.pdf
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Material Properties
CST Studio Suite

CST STUDIO SUITE® provides a user-friendly and automatic way to extract broadband material
properties from measured data

¥

Macros/Material/Extract complex permittivity from measured S-Parameters (broadband)

+« SIMUTECH T8fH% 55 simuLIA



CST Material Extraction Macro

Macro Features

» 3D EM extraction

- Broadband extraction of complex permittivity

- Broadband extraction of surface impedance

- Removing the effect of connectors from THRU and LINE samples (7 term error model)
- Automatically selected or user defined frequency points

- Extraction from shorter section

» TL5e w/o extraction

- Removing the effect of connectors from THRU and LINE samples (5 term error model)
- Calculate DUT S-parameters
- Calculate error terms

s SIMUTECH T88fH% 55 simuLIA



CST Material Extraction Macro

u H [1] ”
Extraction Process Sy1 i equal to exp(-L) or “eglL
egl [Magnitude in dB] egl [Phase in Degrees]
0.1 T T T T T T T : : ] 200 : : :
: : ! : : ' : @ ool datasheet @ cgl datasheet
L S M St Mt et S B cgl_estimated 150 B cgl_estimated |--
egl_measured egl_measured

4 100 oot ¥

021 A AN S N N N
so e i Ny N

0.3 : : i i i : : | ;
0 [ T U Y NP NPUOUIU U (P Y s U S S

047 : : : : : : : : :
501N b\ e

0.51 : : : : : : : ‘ :
Sl e N T S V1 e N
e\t b N

0.8 : : : : ; ; ; ; 3 200
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Frequency / GHz Frequency / GHz

Macro iteratively changes material properties at each selected frequency until estimated value matches
measured value.
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CST Material Extraction Macro

Example: Substrate Permittivity Extraction

_ _ Material to be extracted
LINE (100 mm long microstrip)

THRU (50 mm long microstrip)

|&] RO_boardl_mstrip_50mm_10GHz.s2p
Measured data & RO_boardl_mstrip_100mm_10GHz.s2p

+ SIMUTECH T8
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CST Material Extraction Macro
CST Model

Substrate material to be extracted

Material RO4350
Type MNormal
Epsilon 3.68
hu 1

Electric tand 0.004 (Const. fit)

Waveguide port
.

Microstrip

» SIMUTECH 18Rl S simuLIA



CST Material Extraction Macro

Macro Dialog

High quality end-launch connectors are
recommended for Extraction from 2 lines in order to
[ [ Eract complex pemitity /51 (roadband) /{ keep constant error model of the transitions
Select extraction technique
© Extract from 2 lines (30 EM] /

() Extract from measured propagation constant (30 EM)

() Calculate DUT and END LAUNCH 5-parameters

Material properties [datasheet]

Er [386 © Er [001464 @ Loss tangent |0.004 =

Select material 04350 - \

ot s it [1OLCHSTONE Initial values for extraction (datasheet)

Prop. const.

RO_bosd_sti_S00m_106Hz 25 Measured data (data from uncalibrated VNA can be used
RO_bosd!_nti,1000m 106Hz:25 €| if Extract from 2 lines is selected)

DuT

Length difference between THRL and LINE |50 mhe |

Transmission line length in 30 EM model 50 mm \
..

[ ) (ol ) (somoi) (s ) [ ) || ™~ Corresponds to CST model

» SIMUTECH T88%H% 55 simuLIA
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CST Material Extraction Macro

Extraction Progress

egl [Magnitude in dB]

0.2 : : : : : |
T . N S A egl_datasheet

' : ! | B egl_estimated

0.2 g i s a0 migasUred
0.4 4-------o- gl - - - b

0.8 freeemmeenhe g "SSP RO— AR

PP S S SO AN U —
14 ........................ .............. ,
: : : : : High Frequency Mesh
46 e b A Tetrahedrons: 82190
: : : : Symmetry Planes: %2
-1.8 i
0 5 10 15 20 25 30

Frequency / GHz
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CST Material Extraction Macro

Extracted Material Small ripple of the dispersion of the extracted material
reflects the ripple in the measured data
Electric dispersion Electric dispersion

3.84 0.007
e ] NN K S N PO S

3.8 - : T --------------- --------------- ---------------
3.78 - 0.0055 f--==--==sno- S N S '

» 5 5 ' —— tgD_datasheet

3.76 4 é 0.005 d--ccmomao ;...............15 _______________ 'r _________ + tgD_estimated

EL 5 : : :
3.74 R e Gt ooneeneee oo oo
3.72 0.004 -

9 S S S S S 005
P S S S S — PO A S S S —
3.60 i 0.0025 t t t t

0 5 10 15 20 25 0 5 10 15 20 25
Frequency / GHz Frequency / GHz
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CST Material Extraction Macro

Verification by Ring Resonator

S21 [Magnitude in dB]

—— 52,1 (Simulaticn)
-#-- 52,1 (Measurement)

6109 (24.29, 64745 ) [-reorooeoreeeeee OO OO S
9 (24.285, -5.4464 ) 1 1 =

0 5 10 15 20 25 30
Frequency / GHz

An excellent agreement between simulation and measurement has been

achieved except for the resonance minima level.

» SIMUTECH LB

Position of the peaks is
extremely sensitive to €’ of the
substrate.

Bandwidth of the resonances as
well as the attenuation between
the resonances is sensitive to
the losses in the structure.
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Surface Roughness

50 mm long stripline model

1D Results\Stripline [Magnitude in dB]

1. ——521 PEC
— 521 TSI H&J

-—— 521 Measured data------------

0 5 10 15 20 25
Frequency (GHz)

E Tabulated Surface Impedance (Broadband)

=

General Settings

Material falder h

eterslmETs TabulatedSurfacelmpedance

Special Settings

= | Restore Settings

Configuration: [D”E layer

-

Surface roughness model: [ Hammerstad-lensen

[ Enforce causality [experimental)

For DC resistance:
‘Width-to-height ratio of total cross section: 2

Coated side walls

Crass Section

e heze Bz

thickness 2

%; ¢ conductivity
1y : relative permeability
A, : RMS of surface roughness

Murnber of frequency samples: 21 [ Log sampling

Errar limit for data fit:

Outer Layer(s)
Thickness1 [mm]:
Conductivityl [S/m]
Mue_r1 [function of 'F);
DelaRMS1 [um]
Sphere radius [um]:

Murber of spheres:

Hexagonal area [um”2];

Inner Layer
Thickness2 [mm]:
Conductivity? [5/m].
Mue_r2 [Function of ')
DelaRMS2 [um]
Sphere radius [um]:
Mumber of spheres:

Hexagonal area [um”2];

0.03

——
prr

100

(

oKk [ Apek | [ Ext ][ Hep

]

» SIMUTECH LB

FR4 dielectric substrate —er=3.9, tg 0=0.06
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Other Geometric Uncertainties

Etch Glass Weave

» SIMUTECH TEfE 5S simuLIA




Port Definition

iy
I

Ay

LLIT

il

H—F
-

Waveguide Port + Connector
»  Away from Discontinuity
«  Similar to Measurement

» Not always appropriate (e.g. BGA)
Detailed CAD model of connector normally not available

» SIMUTECH 18BHE#%

Discrete Port + Reference Plane

» Near Discontinuity
» Different from Measurement

* Always feasible

»  General geometry -> Can be automated

2,
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Mesh for accurate simulation

» Must ensure that there is sufficient mesh to capture the electromagnetic fields

« Inthe port regions
- Between the transmission lines and ground

» Make use of adaptive mesh to make sure that the solution is accurate

- Ensure that the adaptive mesh procedure has converged
» Solver

« Must be suitable for wideband simulation up to 32 GHz
- Can we use High Performance Computing to speed up the analysis?

» SIMUTECH 18#l#% 55 simuLIA



Mesh
CST Studio Suite

» Mesh and solver are closely related
» Time domain simulation has an advantage for wide band applications

- Input a time domain pulse which represents a wide band frequency data
- Automatic Fourier Transform to convert to frequency domain

« Time domain solver uses hexahedral mesh

« Further development to use TLM solver technology

o SIMUTECH T8#l#% 55 simuLIA



Hexahedral and TLM Meshing

[
H ‘ 1I IT
Al N
#, =il
Jif 1]
J: 1|
Hexahedral mesh : ] TLM mesh
- Perfect Boundary - - Mesh warping
Approximation - Cell lumping
- Thin Sheet Theory
Significant reduction in
. element number

. SIMUTECH +35I5 S simuLIA



Solver

High frequency, broadband simulation B5 Time Domain Solver

H’ Frequency Domain Solver

» Solver must be suitable for wideband simulation up to 32 GHz . _
ﬁ’ Integral Equation Solver

» CST Studio Suite has a toolbox of different solvers B | Asymptotic Solver
- Always have the right tool for the job B Eigenmode Solver
» Time domain solver is a good a good choice @ Muttilayer Solver
- Well suited to high frequency, broadband simulations B | E-Static Solver
. Excited with a broadband pulse GE | M-Static Solver

E’ Stationary Current Solver

Excttation: defaukt

Eﬁl LF Frequency Domain Solver
Ei] LF Time Domain Sohver

0 0.02 0.04 0.06 0.08 0.1 0.12
Time /[ ns
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Solver Choice

» 25 Q Beatty Standard stepped impedance transformer

* Not to scale

30 2S simuLIA




Solver Choice

Complete Technology
VA A YT [
Lo A WA WA Y
V | LA \} V

30

754_T]

754_T]
35 1754, F]

754_F
-40

0 5 10
\
> \ -
7,
o

. SIMUTECH +3|iE
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Summary

» Increasing demand for throughput in cables, PCBs and connectors
» Simulation is required in the design phase, in order to meet these requirements
» Accurate simulation using 3D models, datasheets, testing, data files

» CST Studio Suite is the ideal tool to realise the simulation
« Time domain simulation
« Hexahedral and TLM meshing
- Cable Studio
- EDAimport
« Circuit and 3D EM co-simulation in Design Studio

. SIMUTECH T53#l#% 55 simuLIA



ELECTRONICS DESIGN ANALYSIS

Circuit-EMAG Simulation EMC Compliance Check

OverVIQW Multi-scale 3D electromagnetic field solver and circuit Compliance and safety - Ensure the product fulfills the required
simulation takes into account the effect of PCB, connectors, electronic certification standards and works in the intended

cables and enclosures as well as switching circuits. environment. =

Power Integrity
Simulate DC Drop and High
Frequency Noise on power supply
nets and optimize decoupling
capacitors for impedance
minimization.

EMAG PCB Losses
Make sure the PCB is working
efficiently and according to the
specifications.

Signal Integrity
Predict the reliability of serial
high-speed (PCle, SATA, ....) -
and parallel data (DDRx) links.

Design Rule Checker
Verify that layout rules to prevent SI, Pl and EMC
interference are properly applied to printed circuit board.

» SIMUTECH 158 ot Import 7S SInMULIA

Circuit Simulation
Rapid and easy prototyping.
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