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Outline - HFSS 3D Layout Solvers and Meshing

. HFSS Solvers
Meshed volume solution space
- Adaptive FEM (finite element method) solver
- Planar EM (MoM) solver
- Slwave Solver
- DCIR not covered here

* Cosim Options
- Simulation options area
- Automatic solution selection
- Solution selection override
- Invalidate solution and force simulation

The document "An Introduction to HFSS", Chapter 3
"HFSS Excitations" is available in the online help.
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HFSS 3D Layout Solvers - Fully Arbitrary 3D and Planar MoM

The most common solvers chosen in HFSS 3D Layout are the HFSS fully arbitrary 3D finite element Method (FEM) solver and the
Slwave solver. A third type of EM formulation is planar EM method-of-moments (MoM).
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Paste v [:I Adding a Solution Setup for HFSS 3D Layout

Add HFSS Solution Setup .. <— HFSS 3D FEM solver— > [] HFSs Solution Setup
Add HFSS Custom Setup ...

[:I Slwave Solution Setup
Add Planar EM Solution Setup ... / i H _
Add Slwave Solution Setup .. «—— S]lwave solver I:I anar EM Solution Setup

Add Nexxim Solution Setup... [ Add LNA Solution Setup

Add Nexxim Solution Options ... [d Setting Up a Transient Analysis in HFSS 3D
Analyze Layout

Invalidate Solutions [:I AMI Analysis in HFSS 3D Layout

Browse Solutions... [1 Eye Sources and Probes in HFSS 3D Layout
Clean Up Solutions.. > [ QuickEye and VerifEye Setup in HFSS 3D
Import Solution... | ayout

Update Menu

The above-right description comes from the document HFSS.pdf An
Introduction to HFSS, chapter on HFSS 3D Layout table of contents.
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HFSS Fully Arbitrary 3D FEM Meshes the Entire Simulation Space

HFSS finite element method (FEM)
simulates the mesh.

FEM solves for fields in a volume.

Extents are the boundaries in which
HFSS meshes.

HFSS mesh is fully arbitrary 3D. The
geometry in HFSS 3D Layout is layered.

Transition_Microstrip_Stripline.aedt
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Classic Meshing Method in HFSS 3D Layout

This is a zoomed in view on a portion of the
Transition_Microstrip_Stripline.aedt
Example project.
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HFSS Meshing Method in HFSS 3D Layout

Phi mesh is a layout-based meshing technology, available in the
HFSS 3D Layout interface. This advanced meshing technology is
capable of rapidly generating an initial mesh ensuring faster Lossy Dielectrics HFSS Meshing Method | Nesxaim Options | Export S Parameters
simulations that can be further accelerated and enhanced by using
high performance computing.

Design Settings ; diffViaNominal >

Initial Mesh Method

(® Phimesh
. . Fast meshing for planar structures. Designs thatinclude bond wires and other
Classic mesh uses a Bowyer algorithm to create compact meshes non-planar geometry will revertto Classic mesh
for the model with very large length scales. It represents the _
model very accurately. e

General purpose meshing for all geometries

How to access Meshing Method: HFSS 3D Layout > Design Settings
[ Save as default

QK Cancel

B File Edit View Project Draw Layout HFSS 3D Layout Tools Window

?) Undo  EEEE i Design Settings..
H (4 =
' O B | Agd subdirit

Save HF55 Slwave Pl

Port Excitations...

See also HFSS.pdf, the section on HFSS 3D
Layout Design Settings.
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HFSS 3D Layout Meshing Comparison

Phi

Approach: From a layout, generate layer by layer 2D triangular mesh. Sweep mesh in stackup (+z) direction to generate
tetrahedral mesh elements

Advantage: Skips heavyweight ACIS and 3D surface mesh generation
Pro: Extremely fast relative to classic 3D mesh approach
Con: Only works for stack-up or ‘swept in Z’ geometries. IC components and packages, PCBs. etc.

Classic

Approach: Starts with a 3D surface triangular mesh on all objects and generate a 3D volume mesh throughout simulation
domain

Availability: HFSS (MCAD - arbitrary geometries) and HFSS 3D Layout
Pro: Works for any arbitrary 3D geometry

* Con: For complex, many layered geometries can require a long time to generate

The document HFSS.pdf, which can be found in the HFSS online Help, has a
section on Meshing in HFSS.
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HFSS FEM Automated Solution Adaptive Meshing Process

0.k

{| Freq. Sweep

,\\.{T.' ‘_ ‘; :i
Initial Mesh » |~ “ =1 - | |Refine Mesh )|

S
___Ezi__

| o
R > -20.00
| //I .
Geometry .~ Initial Mesh
Initial Mesh Initial Mesh Electrical Mesh Adaptive Port The HFSS setting used

Geometric Mesh Seeding/Lambda Refinement Refinement

in the decision
diamond is called Delta

;
HFSS tunes the FEM mesh to y
accurately capture the device’s Adaptive

electrical performance. Mesh
Creation

Quantify Mesh ]
Accuracy F

Frequency Sweep
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HFSS Solver in HFSS 3D Layout

FEM meshing in HFSS 3D Layout relates to the HFSS Solution Setup. Most of the
tabs in the HFSS Setup dialog box include meshing options.

Information is available in the HFSS Getting Started course and in the
documentation about the adaptive meshing used in the HFSS finite element

solver.

HFSS Setup #

Circle and arc approximation

Arc step size: |3Ddeg
Starting azimuth for circles: |DdEEI
Maximum number of arc points: |B

| Use arc to chord error approximation technique for arcs

Maximum arc to chord error: |Em-‘:t-‘:r

Project Manager 1

= EH Transition_Microstrip_Stripline
-4 Transition

~{3F] Circuit Elements

-{&7] Boundaries

&-{E3] Excitations

- Analysis

% Cosim Options (Planar EM)

——————— -y

r
15 f& HFSS Setup

|
B ——_—— J

- }wr HFSS_DCExtrapolation

------ ber Q3D_forDC
=-#9 PEM Setup

------ bur Swieep 1
- Design Verification

@ Optimetrics
+-F# Results

-Tigg Field Overlays
-{Igg Far Fields

----- |E Motes

-3 Definitions
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HFSS Solver Solution Setup Advanced Tab Vias

Simulation efficiency is important, especially for larger complex structures... ———
General] Optionsl Advanced ’Advanced Meshing] Solverl DCR l Defaults]
Vias may be modeled as faceted cylinders. Defeaturing
. [v Form polygon unions before meshing
Mesh as a 3D via:
[v Use polygon defeaturing
* Number of sides: number of sides to use when creating the 3D representation; & Tolorance as 4 ratio of f1e data extont. (T —
if less than 3, the via is modeled as a flat ribbon. _
i Absolute distance: 0.00000muil
Via field: it may be possible to reduce the density of via fields and model them [ Remove voids vith an area smaller than ne
using wirebonds without significant loss in accuracy. (e T T T T T TS T T T T \
* Relative min. via spacing: defines a radius around a via; any via that falls : I
within that radius is eliminated. _ _ _ I
| (@ Mesh as a 30 via (only permited for no-load vias) |
: Mumber of sides: |B :‘ |
& L = |l
: l
| Via material default copper ‘ I
: Used when no other material is specified for a via |
S —— y
Use Defaults
Most of this text comes from HFSS.pdf ", Chapter 15 section ok | cance |

on "HFSS Solution Setup" and "HFSS Setup: Advanced Tab".
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HFSS 3D Layout Meshing: Thin Metal

Project Manager p x

These message only appears the first time the validation is =B Transition_Microstrip_Stripine1

-4 Transition
performed, because HFSS changes the thickness of the - cirut Elemen
--{&] Boundaries Validation Check: Transition_Microstrip_Stripline? - Transition >
metal to zero. . & B Excrations
""" © FortL & Stackup
----- @ Port2 Q'f? Transition 7 Materials
..... @ Part3 & Mesh
..... @ Part4 o Vias

In this case, the layer is being converted to a sheet body as a oo Analyss | Yelston Check completec Ewore:0 Wamings:2  Circut Elements

. S [ S S % Cosim Opti & Cavities
result of thickness thresholds in the HFSS setup. For more .49 Hrss Setug # Excitaions

=-A] PEM Setup « Solve Setups

control, the thickness can also be explicitly set to 0 in the ol Desgn veriied 522 Message Window fordetais 7 optmetics
stackup editor. - optimetrics

= Results ‘
- Wi Field Overlays
-{Ij§ Far Fields
----- B Notes

i I ]ﬂi H'Hnn

Properties r X

Modeling this layers as sheet bodies can greatly simplify the
mesh process and initial mesh size, ultimately resulting in
faster simulations. For many geometries, the impact on
solution accuracy is minimal.

Name |Va|...| Unit |Eva|uatedV...

Variables

Message Manager I x

- Transition_Microstrip_Stripline1 (C:/Usersfrorourke/Documents/SimsHFSS_19.1_3DLayout/ExCanned/)
- Transition

A Metal on layer MicrostripTrace has been reduced to zero thickness and placed at elevaton .UV 1524. This may affectthe results of your
simulation. (0717 AM Apr 18, 2018)

A Metal on layer Stripline Trace has been reduced to zero thickness and placed at elevation 0.0003581. This may affect the results of your simulation.
(9:07:17 AM Apr 18, 2018)

1) Mesh pre-processing took: 0.295 sec (cpu: 0.297) (3:07:17 AM Apr 18, 2018)

A1) Mesh pre-processing took: 0.236 sec (cpu: 0.219) (3:07:17 AM Apr 18, 2018)
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Q3D for DC in HFSS 3D Layout Frequency Sweep Setup

Project Manager Edit Frequency Sweep Y

EHEJ Transition_Microstrip_Striplinel*
=& Transition*

~[3F] Circuit Elements = > Sweep Name:

~1gf] Boundaries

=-{£J] Excitations

- Analysis

‘"3'1 Cosim Options (Planar EM)

=P HFSS Setup

. }r HFSS_DCExtrapolation

Edit Frequency Sweep Ilnterpolation

[v Enabled
[v Use Q3D to solve DC point

|Q3D_forDC

Sweep Type: |Interpo|ating ﬂ

Frequency Sweeps [101 points defined]

Distribution Start | End
Linear Step 0GHz 10GHz Step size

0.1GHz

© ohr Q3D_forDC € ====mmmmmm e -
-4 PEM Setup

-l Design Verification

@ Optimetrics

=-EF Results

2 S-Parameters HFSS

----- # dB(S(Portl,Portl

HFSS 3D Layout offers the
choice of using the ANSYS

Preview ...

),
..... # dB(S(Port2,Portl))
----- # dB(S(Port3,Port1))
----- # dB(S(Port4,Port1))
- $-Parameters HFSS - Q3D SoD
----- # dB(S(Port1,Port1))

Q3D quasi-static solver to
generate the DC behavior
of the structure.

Time Domain Calculation. .

Q3D does not work with HFSS 3D Layout wave ports.

----- # dB(S(Port2,Portl)) OK | Cancel
----- # dB(S(Port3,Port1))
----- # dB(S(Port4,Port1))

The example Transition_Microstrip_Stripline.aedt has HFSS solution setups both with Q3D and without Q3D.
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View HFSS Mesh from Field Overlays

Creating a view of the HFSS mesh is done in the Project Manager from Field Overlays. Mesh is specified on geometry, and the
third menu in the sequence allows specific choice of geometric objects by layer.

L‘—J'ﬂ' Analysis Create Mesh Plot X Select Geometry
-8y Cosim Options (HFSS) Nete and Layers
- fF HFSS Setup 1
ﬁ. . |:|. Mame:  |heshi Mets and layers
1!"' Design Verification —r T
= el 2=
@ Optimetrics Design Name:  hfss_layout_bga_cutout] 5 g g g g Q| w
=-F% Results o gl1g18(818|2|8
T onte ]
&-41 S Parameter Plot 1 _ sotaper> (LILIL L LT
Salution: |HFSSSetup1:LastAdapthﬂ TOP o
#-17 S Parameter Plot 2 UNNAMED_002 [
= Field Overlays - . [F = vop.cl N
] Field Type: |FIE|dS J
-[I§|§ Far Fields Plot Fields EZ3UNNAMED 004 | -
- N vs5_C1 [
I';'II:I Definitions Plot Mesh... — Cancel | UNNAMEDDDS B
#-(_] Components g 2OTTOM e
#1-E2 Symbols Ta Modify Plots... 1

Clicking the layer on the left column checks
all the boxes for that layer.
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Slwave Solver Sl versus Pl

‘ General Advanced]DC ]DCAdvancedl
The Slwave solver, available in HFSS 3D Layout and shared

with the Slwave simulation product, offers a dynamic SetpName:  [Swave SYZ1
combination of solver techniques including 2.5D method- ¥ Enabled
of-moments (MoM), 2D finite element method (FEM), & SISimulation
and 3D MoM for parameter extraction. |

L

Optimum speed Balanced Optimum accuracy

The Slwave solver also has proprietary trace, split plane, C Pl Simulation
via, cavity and fringing models, which come into play with I

the settings in the General tab of the Slwave solver
Solution Setup.

[ Custom (selecting this option allows you to configure advanced settings)

HPC and Analysis Options...

0K Cancel

See also HFSS.pdf, Chapter 15. Search on
Slwave Solution Setup.
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Cosim Options Used for Circuits Calling EM Blocks

Co-Simulation Options apply to Nexxim circuit simulations
that include EM (electromagnetic) designs.

In an HFSS 3D Layout project that contains no circuit
schematic within a 3D Layout, the Co-Simulation Options do
not affect anything.

When there is a circuit simulation calling an EM simulation
design, the simulator indicated under Automatic solution
selection will be used to simulate the EM model block. It will
create a new solution setup under Analysis.

=38 Analysis

----- B Cosim Options (Shwave SYZ 1 : Sweep 1)
-] Shwave SYZ 1

e Sweep 1
Transient Setup 1

Co-Simulation Options

=imulation aptions

(@ Simulate missing solution data

(" Interpolate fram existing solution data

[ Automatically align ports hefore analysis

Automatic solution selection

Simulatar; i HFZS o Shvave

Sweep Type: (@ Interpolating (" Discrete

Solution selection overtide

" Planar EM

i Lse Default

[ Setup override: |HFSS setup 1

[ |Sweep 1

Ok

Cancel

E
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Cosim Option - Simulate missing solution data

In the Co-Simulation Options dialog box, in the Simulation Co-Simulation Options %
options area at the top, the Simulate missing solution data
radio button choice tells HFSS to run an EM simulation Simulation options

when the Nexxim circuit simulator needs EM simulation
data that is not already simulated and available. In some
cases these simulations can become very long.

(@ Simulate missing solution data

(" Interpolate from existing solution data,

| Automatically align ports before analysis

Selecting Simulate missing solution data enables users to Automatic solution selection

invoke only the circuit simulation and automatically get EM Simulatar: ® HFSS (" Shwave (" Planar EM
simulations as needed. Sweep Type: (@ Interpolating ( Discrete (" Use Default

Solution selection owverride

| Setup override: |Siwave

=]
_ [ |S“|’Esweep J
-5 Analysis
----- %% Cosim Options (Slwave SYZ 1 : Sweep 1) QK. Cancel
B Siwave SYZ 1
. IH Sweep 1
[ Transient Setup 1
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Cosim Option - Interpolate from existing solution data

In the Co-Simulation Options dialog box, in the Simulation Co-Simulation Options X
options area at the top, the Interpolate from existing solution

data radio button choice tells HFSS to use EM simulation data Simulation options

already simulated and available. No new EM simulation will get ¢ Simulate missing solution deta

automatically started in order to fill in missing data. - _ _
i@ Interpolate from existing solution data Advanced Settings...

| Autornatically align ports before analysis

For new HFSS 3D Layout projects, using Interpolate from
existing solution data, one can run the HFSS/EM simulation and
then the circuit simulation in separate steps. Simulator:

Sweep Type: (s

Automatic solution selection

=

Solution selection owetrride

v Setup override: |HFSS Setup

L] e

v Sweep override: |Sweep 1

8];4 Cancel ‘
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Cosim Automatic solution selection Creates a New Solution Setup

In cosimulation, the Automatic solution selection
creates a new EM solution setup. It does not use any
simulation setup already defined.

In the situation shown on this slide, because the
Automatic solution selection indicates Siwave, running
the Nexxim transient (under the circuit design) invokes
HFSS 3D Layout to create a new Slwave solution setup
and run a simulation with the Slwave solver.

In your HFSS 3D Layout work, if you notice new, additional
solution setups appearing under Analysis, those solution
setups might be coming from this Automatic solution creating
new setups.

-3 Analysis
----- % Cosim Options (Slwave)
=P HFSS Setup 1
~ht Sweep 1
1}" Design Verification

-

-5 Analysis
----- % Cosim Options (SIwave)
- f8 HFSS Setup 1

i

| B Slwave SYZ 1

....‘m;r

Design Verification

Co-Simulation Options

Simulation options

—

Simulator:

Sweep Type: (.

[ Setup override:
-

(@ Simulate missing solution data

(" Interpolate from existing solution data

[~ Automatically align ports before analysis

Automatic solution selection

Solution selection override

X

o — = =
HFSS l (@ Slwave (— Planar EM
Interpolating (" Discrete (" Use Default
|}-_-—- S etuy _l
Cancel |

o]
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Cosim Option - override to Simulate a Specified Setup in Analysis

In the Co-Simulation Options dialog box, in the Solution
selection override area at the bottom, checking the Setup
override and Sweep override gets HFSS 3D Layout to
simulate a specific setup (HFSS Setup 1 in this case). Co-Simulation Options X

Without selecting these two overrides, even setting the Simulation options
Automatic solution selection to HFSS will not get HFSS 3D

Layout to use the specified HFSS Setup 1 if there is a circuit N , _
. . . (@ Interpolate from existing solution data Advanced Setftings..
simulation involved.

(" Simulate missing solution data

| Automatically align ports before analysis

Automatic solution selection

Simulator; (o &
Sweep Type: (= .
L——_I'ﬂ' Analysis |I Solution selection awverride )
----- s Cosim Options ESIWE"E] I [+ Setup override: : |HFSS Setup 1 ﬂ
EI}E HF55 Setup 1 I v Sweep override: | |5WEEF'1 j
“br Sweep 1 , l
-4 Shwave SYZ 1 AEEEEEEE T T ok Cancel |
-l Design Verification
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Solution Setup Matching Auto Select Makes New Solution Setup

Even though the Automatic
solution selection of HFSS
matches solver with the HFSS
Setup 1, starting the Nexxim
Transient analysis will cause
the creation of a new HFSS
Solution Setup (e.g. HFSS
Setup 2).

Co-Simulation Options

Simulation options
(@ Simulate missing solution data
(" Interpolate from existing solution data,

[ Automatically align pons before analysis

Automatic solution selection

r
| Simulatar: (¢ HFSS [ -

Sweep Type: i@ Interpolating ("

Solution selection owverride

Slwanse

Digcrete

(" Planar EmM

i Use Default

[ Setup overide:

|HFSS Setup 1

[ |Sweep1

Ok

Cancel

=
4

Project Manager
= Diff_cvia_EyeX
- & Diff_CVia

B4 EyeCircuitX
...... Data

-4 U1: Diff_CVia

------ [3F] Circuit Elements

------ Boundaries

=53] Excitations

=8 Analysis
;--‘@h_c%imgptims QFSSJ
& HES ﬂ-}tup_l -

------ %! Optimetrics

&--F5 Results

------ TGy Field Overlays

------ [ Far Fields

...... B Motes

=8 Analysis

L MexximTransient h
------ i Design Verification

------ %, SoD Config
------ Optimetrics
#-F5 Results
B--[Z] Definitions
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Invalidate Solution and Force Analysis (Resimulation)

=4 Ul: Diff_CVia®

Circuit Elements
@ Boundaries
-] Excitations
=8 Analysis
‘“?'a Cosim Options (SIwawve)
P s seup |
M Sweep 1 Cut
@ Optimetrics <2 Copy
#-FE Results Paste
lﬁ Field .Overlays T
E- Far Fields
B Notes X Delete
=8 Analysis Properties...

MexzdmT ransient
-l Design Verification .
% 50D Config . )
o . Mesh Operations...

Disable Setup

arties Validate
Name ‘ ¥ Analyze
ip HFS¢ Submit Job...
ble Revert to Initial Mesh
]
el HFS Pre-Process Geometry
ses 14
- ont Refinement 30 Invalidate Solutions
iy O nna Expor—t

Add Frequency Sweep...

-4 Diff_CVia*

~-{3F] Circuit Elements

--|&f] Boundaries

w-{E3] Excitations

=38 Analysis

----- B Cosim Options (Shwave)
£ 4P HFSS Setup 1

- I:I

. P Cut

-l Design Verificatio )

l@ Optimetrics =2 Copy

=-FF Results Rename

--Wigg Field Overlays X Delete

~-[igg Far Fields

-2 Notes Properties...
B EyeCircuitx Analyze

&[] Definitions Disable Sweep Analysis

Invalidate Solution

H + EyeCircuitX

~{u] Data

-[&] Excitations
E Forts

-4 U1: Diff_CVia™
- Analysis

-l Design Verification
----- % SoD Config

-{fE Optimetrics

-5 Results

+-[_1 Definitions

=2 Copy

Rename
X Delete

Analyze

Submit Job...

Force Analysis

Disable Solution Setup
fE Browse Netlist

Q: What if there is EM simulation data available, but you want to

resimulate anyway?

A: Shown here are several ways to invalidate simulations, sweeps

and force a new analysis.
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Multiple EM Simulations - No Circuit No Cosim

Project Manager 1 x
With no circuit simulation, Cosim Options have = Transition_Microstrip_StriplinesT*
no effect. Both an HFSS and planar EM -4 Transition™
simulation get run, but no Slwave solver. {2 Circuit Elements
Boundaries
Results plots can compare the two different EM m-[E3] Excitations
simulation formulations on this microstrip - Analysis _
transition structure from the HFSS 3D Layout % Cosim Uﬂtiﬂﬂsrfﬂlwaveg
standard examples. B-4P HFSS Setup ~ T T
. i|wa HFSS_DCExtrapolation
. b Q3D_forDC
=-#4 PEM Setup
hobs Sweep 1

II"' Design Verification

Optimetrics

=--F% Results
@ S-Parameters HFSS
B S-Parameters HFSS - Q3D SaD
B S-Parameters PlanarEM

Wiy Field Overlays

";’ Radiation

-8 Notes

[+ Definitions
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