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o [ntroduction

° Finite Element Method (FEM) Employed by HFSS
° Features of HFSS

° General Design Procedure

o Design Examples:
+ Eigen Mode: Dielectric Resonator
- Driven Mode: Dielectric Resonator Filter
Microstrip Line Structure
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o The Ansoft High Frequency Structure Simulator (HFSS)
Is a full-wave electromagnetic (EM) software package for
calculating the electromagnetic behavior of a 3-D structure.

o Using HFSS, you can compute:
+ Basic electromagnetic field quantities and, for open
boundary problems, radiated near and far fields;
+ The eigenmodes, or resonances, of a structure;
+ Port characteristic impedances and propagation constants;
+ Generalized S-parameters and S-parameters renormalized
to specific port impedance;

University of

Waterloo

I % . ——



FEM

FEM is a numerical method for solving Maxwell Equations.

Meshing Scheme:
« 2D-triangles

+ 3D-tetrahedre The components ofa field that are tangen-
. =l to the edzes of an elemenst are sxplic-
ithy stored ar the vertices.
.
\ * TT'"--T____ The component of a field that 15 tanzential
\ 8, = o the face of an element and normal to 20
R edee is explicitiy stared at the midpoint of
\ '*.'k"mx selacted adzes.
- .*-",.-.ﬁ-j" h”“n_m The value of a vector field at an intenior
- ™ point 15 interpolated from the nodal values.
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o Capabilities:

+ Accurate full-wave EM simulation
« Import/export of 3D structures
+ Automatic adaptive mesh generation and refinement

« Adaptive Lanczos-Pade Sweep for fast frequency sweeps
* Inclusion of skin effect, losses

* Direct and iterative matrix solvers

« Eigen mode matrix solver
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o Solution Data (Visualization):

« S-, Y-, Z-parameter matrix (2D plot, Smith Chart)
Port characteristic impedance

Current, E-field, H-field (3D static and animated field
plot in vector display or magnitude display)

Far-field calculation (2D, 3D, gain, radiation pattern)
Material losses, radiation losses

*

¢

®

*
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General Design Procedure
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Design Examples (Eigen mode: DR)

» Opening a HFSS Project
« To open a new project in a HFSS window:

OOOOOO 0D ESsR o £0¢m% Sk bds NI T0a0 Q0 BEEEE
ZR[VUI VLD 00l OB DEOD®REa R o &hv <] +]| % E ® 00 saa® k|| inas ih]| B [ncwn  ~][Mosn ]
(-] {Otject | B LB =18 fi] * Y@ oA
] 3 ] Cocrd
- - S8 | Punes
T fromatt [ Morw | Ve | U] e Lists
1 s HFSSDwsgnl
[

> |;|
\ Name »
, eigenll.hfssresults
, eigen_halfll. hfssresults

@ eigen_halfll
|| eigen_halfll.hfss.auto
|| eigen_halfll.hfss.lock

.To open an existing project: |
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Design Examples (Eigen mode: DR) cont.

Q PrOJeCt Manager Froject Manager YWindow

=B Hiss_coae_training
- s HFSSMaodell Design
- éP Model -
B Boundarizs
83 Evcitations Design Setup
B MeshUperafions
= S dnalysis
_,_.., ﬁ Dptimetrics
=} Bosults
- 5 Pari Field Display
= [T Field Overlays Design Results
% Badiation
EI 1 Definitions
=23 kdatariaslz

Froject

Design Automation
Farmmatne
«plimization
“Sensitniby
«Slatistical

. Frojec |
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° Solution Type
« Driven Modal: S-matrix solutions will be expressed in terms

of the incident and reflected powers of waveguide modes.

* Driven Terminal: S-matrix solutions of multi-conductor
transmission line ports will be expressed in terms of terminal
voltages and currents.

* Eigen Mode: finding the resonant frequencies of the
structure and the fields at those resonant frequencies.

[ Solution Type: Projectl - HFSSDesignl &J‘
» To Set the Solution Type ~ Divenodd
Select HFSS > Solution Type " Divn Termin
* Eigermode
[ ok | Cancel
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. .
Design ExalllpleS Eigen mode: DR) cont
g g " "
8. Ansoft HFSS - 4PoleDielecticResonfiftertigenmode0 - HFSSDesign] - 3D Modeler - SOLVED - [4PoleDielecticResonfilterfigenmode - HFSSDesign1. - 3D Modeler]
Y 3D M Od eI er W] File Edit View Project Draw 3DModeler HFSS Tools Window Help

X
[-]=]x]
DSl 2REgXs -0 B4R B L0k | Shwmbileds/0Ss30eaec 8z
BR[NNIV 00 edBBEDOCOS O R H o C][% @ 6 ah]ia 02 [ # [ecwm  Madd ]
&[Gt (DO B0 00]|to & |[FEhlb @@
Ljox |¥E Objects 5
@-le, Coordinate &
5 & dlres
-8 HFSSDesign @ Lists
(221 Definitions
Ll —— '
T e v
| kS|
= ol
Ik Al
C:/RZ/work/HFS5/4PoleDielectricFilter/4PoleDielecticResonFilterEigenmoded.hfss [ um [
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Design Examples (Eigen mode: DR) cont.

o Parametric Model Creation

% Ansoft HFSS - Project] - HFSSDesignl - 30 Modeler - [Project] - HFSSDesignl - 3D Modeler]

A File Edit View Project Draw 3D Modeler HFSS Tools Window Help

O DEIIJ% BRES XD ESSRO N E|SOLh Tl s OGS
PR )MmoaoﬂlaB@&O@a-@&lobllw MIED)
@\J@ﬂomea -leeeieeie ol m— c|[#Eaw ¥ xmNag @

OO [CRCY
JH‘ B “HHW -l|lH|>|i5’i

7,

[:l Definitions

. TA Coordinate Systems

ox |5 &7 Objects \
E- g vacuum
E|" Project1* : B- E? Cylinderl YZ
-8 HFSSDesign1® [0l CreateCylinder XZ

. [+ Planes
-8 Lists

Properties: Projectl - HFS5Designl - 3D Modeler

Command I

Evaluated Value

CreateCylinder
Global

0.0,2032 mm Omm , Omm , 20.32mm
d
14,535 mm 14.535mm
12.21 mm 12.21mm
4 | 1 | 3

[ Show Hidden
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Design Examples (Eigen mode: DR) cont.

° Defining Variables

|

Properties: Projectl - HFSSDesignl - 3D Modeler e
Command | ¥
Mame | Walue | Uit | Evaluated Value
Command CreateCylinder
Coordinate System | Global
Center Pasition 0.0.2032 mm Omm , Omm , 20.32mm
Pods Z
[p172 |mm | 14.935mm |
Height 1224 mm 12.21mm |
< m Add Vanable I
Mame D1
Value | 29.87mm

Drefine wariable value with unitz; "1 mm"

% Local Variable

(] I Cancel
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Design Examples (Eigen mode: DR) cont.

° Variable Settings

Draw 3D Modeler | HFSS ] Tools Window Hely Properties: 4PoleDielecticResonFilterbigenmode0 - HFS5Designl ﬂ
o Ql Q] |J Solution Type...
List Local Varables
O <o Bl Hk
C 0o r—ﬁi — * Value " Optimization " Tuning ' Sensitivity " Statistics
&% Validation Check...
rele '|'| s Analyze All
ﬂ E-&P Objects ) ¥z Mame Value | Unit I Evaluated Value Description | Read-only I Hidden |
f I Edit Notes.. D1 287 mm 29 87mm r r
D 1422 14.22m
30 Model Editor —L: oo mn mmm F F
. mrm . Im
. Assign DC Thickness.., I 1221 - 12 21mm r -
s ¥ sapphi c 508 mm o |50.8mm r -
-4 vacuun Boundaries s 51'5 - 51'5ﬂm r r
H-le, Coordinate Excitations . :DZ 59.87 - 59.87mm r -
-4 Planes Mesh Operations T 3.81 mm 3.81mm r r
w9 Lists Analysis Setup
Optimetrics Analysis
¥ Show Hidden
Results Add... < Femoyve |
e ok | Cancel

Boundary Display (Sohver View)

Design Properties...
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Design Examples (Eigen mode: DR) cont.
* Checking and Modifying Dimensions in 3D Modeler Tree

[ Properties: 4PoleDielecticResonFilterEigenmaodel - HFS5Designl - 30 Modeler ﬁ
E-&? Objects
-4 MaterialR Command |
EQ Cyl_r
Name | Walue I Lt | Evaluated Value
Expand All Command CreateCylinder
Collapse All | |Coordinate System  Giobal
= [ Center Position Omm ,Omm Ls Omm , Omm |, 20.32mm
Properties... s 7
.4 vacuum " |Radius D172 14.935mm
5-&P Cavity | |Heioht Ld 12.21mm
. EI CreateBox 14 I | 3
=1, Coordinate Systems
P .* Global ™ Show Hidden
-4 Planes
.&z Global:XY [ ok | cancel
.ez Global:XZ d
&7 GlobalYZ
-5 Lists

3D Modeler Tree
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Design Examples (Eigen mode: DR) cont.

° Assigning Materials

E-&7 Objects
£-48F MaterialR
58
i@ (¢  ExpandAll
-4 sapphire Collapse All
€7 Cyl
= v Edit »

=1, Coordinate

& Global

[=- E Planes

P Jm

View

Properties...

Assign Boundary P
Assign Excitation ’

Assign Mesh Operation »

Fields

Plot Mesh

&) View / Edit Material

—

S5

[ Select Definition
| Materals | Material Fiters
_SearCh F e ;. . . . o - .
Search by Name Search Criteria Libraies ¥ Show Project definitions |~ Show all libraries
& by Name " by Property

|
Search |

I Relative Pemittivity

=

FE_

bd aterial M ame

IM aheriall

— Properties of the b aterial

Relative Permittivity
Relative Permeability

Biulk. Conductivity

Magnetic: S aturation
Lande G Factor
DeltaH

Dielectric Lozs Tangent

Magnetic Loss Tangent

Simple
Simple
Simple
Simple
Simple
Simple
Simple
Simple

Siemenz.m

Tesla

o oo o o O =

A_per_meter

Wiewy/Edit Material for
& Active Design
 This Product

&l Products

Walidate M aterial |

f N — o Relative Relative
ame cation rigin Pemittivity Pemmeability Condu:

Im—

Waterloo
'

1
mica SysLibrary Materials 57 ‘I D
modified_epooy SysLibrary Materials 42 1 i}
molybdenum SysLibrary Materials 1 1 176000005iem
NdFe30 SysLibrary Materials 1 1.0445730167132 625000Siemen
NdFe35 SysLibrany Materials 1 1.0397785406 625000Siemen
MNelco N4000-13 ¢m) SysLibrary Materials 35 1 i} |
Nelco N4000-13 51 ¢m) SysLibrany Materials 34 1 0
Meltec NH3254 {m) SysLibrary Materials 254 1 i} (|
Meltec NH3300 {m) SysLibrary Materials 3 1 i}
Meltec NH3320 {m) SysLibrary Materials 32 1 i} i
] I ] 3 |
View/Edt Materils ... | Add Material .. | Clone Material(s) Remove Materills) | Expot to Library... |
/ ok | cancel Hep |
-
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Design Examples (Eigen mode: DR) cont.

> Properties of the Objects,

) Properties: 4PoleDielecticResonFilterBigenmodel - HFS5Designl - 3D Modeler ﬁ
=67 Objects Attribute
-4 MaterialR
E|§I Mame | Walue | Unit I Evaluated Value Descri
..F ¢  ExpandAll Name Cyl_r
E]! 53 pph”’E QGHEPSE All (= Material MaterialR I
Eg‘ Cyl_ Edit \ | |Solve Inside [v
Edi Orieritation Global
B |
Mode! 2
. ﬂ [ g ESSIQH MEtEFiEL.. | DISD'E)’ Wireframe I_
-4 vacuum — :
: & Cavi View , _Calor Edit |
- : avi — Transparert 0.3 |
0 T | r
EITA Coordinate Assign Boundary Y
-4, Global Assign Excitation 4 P
-4 Planes Assi .
: gn Mesh Operation *
i (Global: oK I Cancsl
&z Global: Fields 4
L& Globaly
m- P Lists Plot Mesh
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o Common Boundary Conditions

- Material properties
- Boundary between two dielectrics
- Finite conductivity of a conductor
« Surface approximations
- Perfect electric or magnetic surfaces
- Radiation surfaces
- Symmetry planes
- Background or outer surfaces

- Excitations (Driven mode)
- Wave ports (External)
- Lumped ports (Internal)
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Design Examples (Eigen mode: DR) cont.
* Assigning Boundaries

8. Ansoft HFSS - 4PoleDielecticR =-¢&? Objects
%1 File Edit View Project 1 4 MaterialR
O = E| & E|§|; ! sapphire
< U W S E! vacuum
@@ | ©Object ~|® 0 P Eeandai
Object |=|E| » | #-12, Coordinate Collapse All
—{Edge [+ F'.Ianes Edit
|4F'u|eD1n.=:Ie Vertex ligenmi -6 Lists
n L & Assign Material...
View
Properties...

Select Objects
|7 Select Faces

Mext Behind
All Object Faces

Faces On Plane

Measure

View

Edit

& 2ssign Material...
Assign Boundary k
Assign Excitation 4

Assign Mesh Operation ¥

Fields 4

Plot Mesh

Copy To Clipboard

Assign Boundary
Assign Excitation

Assign Mesh Operation

L4 Perfect H...
Finite Conductivity...

Fields

Impedance...

Plot Mesh

Badiation...

Symmetry...
Master...
Slave...
Lurmnped RLC...

Layered Impedance...
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PML Setup Wizard...

s Analyze Al
1B Edit Notes...

T 7 S MaterialR
=+ 4PoleDielecticResanFilter ! sapphire
EI@EI HFS5Desigad 1 R aeiumn
..... €7 Model | 2 SOPY
—[F Bound 2 Paste
5 Bctat Rename
----- EF Mash =
[El"-ﬁ Analysi > Delete
""" ﬁ Optime Solution Type...
5. Defintions &2 Validation Check..

30 Model Editor

Assign DC Thickness..,

Boundary Display (Selver View)

Design Properties...
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Design Examples (Eigen mode: DR) cont.

> Analysis Setup

Resonfilterbigenmodel - HFSSDesignl - 3D Modeler - SOLVED - [4PoleDielecticResonbilterEigenmode( - HH

Draw 3D Modeler IHFSS Tools  Window Help

X ) c=|[@|| B Solution Type.. 'Y
=ReR e L'“'" = 2 |xv  ~|[3p B
Validation Check...
N kP |
S Fon s Analyze All
= i Edit Notes... z
o4 Materiz ]% g
=& Gyl 3D Model Editor
o E Assign DC Thickness...
[—]g sapphi
=-£7 Cyl Boundaries 4
----- ] Excitations 3
= T Mesh Operations L
E! vacuun Analysis Setup » Add Solution Setup...
E‘@ Caa"' Optimetrics Analysis b~ Add Sweep...
[—]]A Coordinate Results 4 Revert to Initial Mesh m\
Fields Apply Mesh Operations
B, Global Eield C pply Mesh Op
-4 Planes
,_-—, Global: Boundary Display (Sohver Yiew) Clear Linked Data
Design Properties...
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Solution Setup

General IOptinns I Advanced I Defaults I

ISe*tupﬂl

|n_1

—

Setup Name:

fgHz |

Minimum Frequency:

Mumber of Modes:

Adaptive Solutions

Maximum Mumber of Passes:

|1D
ID.1 L)

Maximum Delta Frequency Per Pass:

Solution Setup

General Options I.Pud\rancedl Defauﬂsl

r Initial Mesh Options
¥ Do Lambda Refinement

o

Target: [~ Use free space lambda

— Adaptive Options

P

Maximum Refinement Per Pass:

100000
uuuug

[~ Maximum Refinement:

Mimimum Number of Passes:

18]

Minimum Converged Passes:

— Solution Cptions

[~ Use Low-Order Solution Basis




» Adaptive Meshing
* The mesh in HFSS is automatically constructed and tuned
to give the most accurate and efficient mesh possible.
- The adaptive meshing algorithm searches for the largest
gradients in the E-field or error and sub-divides the mesh in

those regions. It also targets singularities, such as the edge
of a conductor, as locations to add extra elements.

* The mesh growth for each adaptive pass is controlled by
the Tetrahedron Refinement in percentage, which ensures
that between each pass the mesh is sufficiently perturbed
and guarantees the correct convergences.

+ After the mesh has been refined, a full solution is performed
and the process is repeated until convergence.
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o Convergence

+ After each adaptive pass, HFSS compares the results
(Frequencies for eigen mode, S-Parameters for driven
mode) from the current mesh to the results of the previous
mesh. If the answers have not changed by the user defined
value or Delta Freq (for eigen mode)/Delta S (for driven
mode), then the solution has converged and the current or
previous mesh can be used to perform a frequency sweep
(for driven mode).

« If the solution has converged, then technically, the previous
mesh is as good as the current mesh. In this case, HFSS
will use the previous mesh (less than current mesh) to
perform frequency sweeps (for driven mode) if they have

n r . University of
been requested Warast
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Design Examples (Eigen mode: DR) cont.

[—
o Val I d atl O n C h e C k an d 4PoleDiglectic ResonFiterEigenmc ! 5
. . =-#$ HFSSDesign1* g..g v
Starting Analysis |  tose =
- [F Boundaries
- g Excitations -1, Cool
30 Modeler [ﬁ] Tools Window Help | &7 Mesh Operations 5.4 Plan
C':| [ Solution Type... Eﬂ---ﬁ o Licd
O o Lst... i i§ Optime I Add Solution Setup...
pele [ |Validation Check.. =N N = Resuty  List.
[[E@o G Analyze Al lﬁg Field O prwsrsmry
I FI' ]EI Edit Notes... - itions Revert to Initial Mesh
Apply Mesh  —== "! e
) ) E|-- 4PoleDielectic Reson FiterBigenme s zap
Validation Check: 4Po|eDie|micResonFimﬁ €0 - HFSSDesignl eS| Cleartinkec | o6 HFSSDesignt® = 4 vac
— € Model 2P
o 2D Madsl [ Boundaries »
J HIFEED sl o Boundaries and Excitations #3 Excitations -1, Coordi
¥ Mesh Operations . E® Mesh Operations -4 Planes
Y alidation Check completed. o Analysis Setup = ﬁ Analysis -9 Lists
¥ Optimetrics P Setup1
| %" Radiation . o
..... ﬁ Ciptimetric: Rename
: J= Resuts | X Delete
[y Field Over _
[ oot | Close (- (23 Defintions Broperties..
Revert to Initial Mesh
University of Apply Mesh Operations
Waterloo [ Enabled
e
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Monitoring the Solution ProCess  rue comese | os:

an d C h e C ki n S O | u ti O n D ata Mumber of Pazses Pass Mumber | # Tetrahedra | Max Delta Freq. % L
g Completed 17 3 B7d4 13.369
#-lA, Loordin Maximum 20 4 700 9.0673
E|-- 4PolelielecticResonFitter . Minimum 1 5 gag 2.4876
-8 HFSSDesign1 w5 Lists Max Delta Freq, % 5 1128 2 6449
""" & Model _ Target 01 7 1443 53468
E‘ Boundaries Current 20172 ] 15805 091352
.45 Excitations q 2342 1.953
----- EF Mesh Operations Wiew: ™ Table " Plat .
B ° Solutions: 4PoleDielecticResonFi []"'ﬁl Analysis E@lé 10 2750 1.3034
o — 11 3321 0 27601
DesignVariation: |[D1="29.87mm' D2=" | | i i§ Optimetrics =3.81mm'’ J
B el = o 12 4004 0.10826
imulation: etup T Fid € i MNOT CONVERGED 13 R023 013239
Profle | Convergence | Eigsnmods i D (RN Solution Data... ‘7" Consecutive Passes 14 6243 2.0875
Output Vanables... [EE= . 15 7618 1.9378
C t 0
Taszk | Real Time | CPU Time | M emary | Information - : Hen E d E:EII:t 3278 2naz
Adaptive Pazs 17 Eigenmode Solution Profile ] CDHVEFQEHCE genmods = l 11206 207z
mesh3d_adapt_FT 00:00:02 00:00:m 433 M 11206 tetrahedra
adapt_patl_eigen 000002 00:0002  B9.7 M 11206 tetrahedra Solved Modes
Salver MRS 00:00:27 000022 242 M E9948 matrix, 153MB disk EigEI"IITII:IdE | Frequency [EHZ] |
eigen 00:02:04 00:01:54 BIM E9948 matrix
adapt_part2_eigen 00:00:05 000004 495 M 11206 tetrahedra Mode 1 1.9017
Ml:lde 2 221 EE Fr e
Adaptive Pazz 18 Eigenmode Solution bode 3 22982
mesh3d_adapt_FT 00:00.02 00.00:m 44.2 M 13286 tetrahedra =] \
adapt_partl_eigen | O0:00:04 000003 81.4M 13266 tetrahedra Mode 4 24415 papse
Total 00:12:08  00:10:20 Mode 5 24714 £
3 Mode f 24792 i -
4 m b Mode 7 27758 E \
Q will be provided for lossy cases—————— | M8 2%% =
niversity o
W Yl hode 9 29353 \/\\ﬁ Baiay
aterlioo Mode 10 30033 . = Smn D anmun
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o Plotting Mesh

Design Examples (Eigen mode: DR) cont.

Draw 3D Modeler IHFSS Tools Window Help

<5z @

oo o=
|88 8 0

| E-&7 Objects
=4 Materiz
52 Gyl
- sapphir
B2 Gyl
-4 vacuun
El@ Cay
[]---L;. Coordinate
-4 Planes
w5 Lists

Solution Type...
List...
&2 Validation Check...

il Analyze All
1B Edit Notes...

30 Model Editor
Assign DC Thickness...

Boundaries
Excitations

Mesh Operations
Analysis Setup
Optimetrics Analysis

* w w w ¥

IR
o &lxv ~p -
p P A || A |

4

Results

Fields 4

Boundary Display (Solver View)

Design Properties...

SAR Setting...

Edit Sources... /

Tm Modify Plot..
Mg Modify Plat Attributes...
> Animate...

B Set Plot Defaults...

25 Open...

23 Save as...

¥ Delete Plot...

[4PoleDielecticResonFilterEigenmode0] HFSSDesign1 —-.. LS

Select Plot Folder

bl ezhPlats
E Field

o]
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Flot
Scale factor ¢ 0 v D0 0 0 0 '\| 100 5
Transparency % ' ' o IEI %
—Mesh type
© Wwire frame % Shaded [ Add giid
—Mesh colar
Line _l Filled |
¥ Surface only Save as default |
¥ FReal time mode IWI Close |
Cancel
Ce——
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Design Examples (Eigen mode: DR) cont.

> Field Distributions £ FrovaLi/m)
3D Modeler | HFSS | Tools  Window  Help 1. AREE & +BEE
. - 9, 35875e-881
M Solution Type.. % [T s SE S R@ale % 7756 -Ea1
O o L'“--- o 4 |xv ~|[3p RN R NIE 5. 1625¢-801
= =1 Validation Check...
8 .|@| < ;«ﬁa"‘ac-Hi i| 7. 5588 -801
=& o B Analze Al 5. 9375¢-001
i P 1B Edit Notes... B.3253-@81
e 5. 7125¢-@@1
[ 30 Model Editor 5. 1AEFe -BE1
Assign DC Thickness... 4. 4875 -B@1
. 3. 5750e-B01
e g 3. ?625-991
ol ' 2. B5BBE-2E1
Mesh Operations 4 . ? AS7Ee-PA1
Analysis Setup L4 1. 4250 -EE1 T
Optimetrics Analysis L = iy
=] 4PoleDiglecticResonFiterEigenme \
Results 4 =g HFS5Design1® S8
H * ComplexM -
Boundary Display (Solver View) Plot Mesh... - . ﬁ% EF Boundaries = g
=
Design Preperties... Other ’ — --EF Mesh Operations

SAR Setting... ; _

Hing Mamed Expression... Eﬁ Analysis M-l Co

T.. Modify Plot... \ ﬁ Setup [-4F Pla

e Modify Plot Attributes... L P Setup2 -8 List
> Animate... ﬁ Optimetrics

[= H

== Set Plot Defaults... E‘rﬂ Field Overtays

& Open. JE

&3 Saveas.. [T Rename

-0 Definions | % Delete
¥ Delete Plot... =

J* Calculator... Modify Attributes... h

University of Update Plots

Waterloo |v Colorkey Visibility
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Design Examples (Driven mode: DR Filter)
° 3D Model of the DR Filter

Draw 3D Modeler HFSS Tools Window Help - & =
0 EZSLB Lo L E SOTM% | ZhMmIilds M5S0 @0 @0 s

I B O i 1 A R = R o .&-|;{\( ﬂ|3D j |vacuum j|r~.-1c.del j
o~ 8- B

4 EQ Objects
£-48 MaterialR
P Cylr
EEJ Cyl_r2
m-&P Cyl2 1
-7 Cylrl
- pec
-£7 Probe
.éEJ Probe_2
B Walll2
€7 Wall23
w-€P Walll2_1
=-4¥ sapphire
w-iP Cyls
{d’ Cyls1
0-&F Cyls2
P Cylsll
-4 vacuum
€7 Cavity
@-l¢, Coordinate Systems
4% Planes
-5 Lists
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Design Examples (Driven mode: DR Filter) cont.

o Excitation

+ Probe

B¢ Objects
! MaterialR
El! pEc
oo

L3 CreateCylinder

+ Port

El-¢? Objects

g MaterialR

= & pec

E-£7 Probe

| CreateCylinder
g sapphire

! sapphire Eg vacuum
-4 vacuum -7 Cavity
P Cavity EII:I ;Eis Port
£ Sheets = E_DEE
E|I:I Wave Port L. CreateCylinder
-3 Port -1, Coordinate Systems N
... CreateCylinder (-4 Planes
#-l2, Coordinate Systerns B9 Lists
[+-4F Planes
F-£8 Lists
University of The height of the cylinder is O
Waterloo - 5 sheet in a circular shape
S
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Design Examples (Driven mode: DR Filter) cont.

o Defining Port

E-&7 Objects

' MaterialR

o 4 pec

- -7 Probe

w4 sapphire

= 4 vacuum
&£ Cavity

-3 Sheets

E|I:I Wave Port

el Port
5 EpandAl

-1, Coordinate Collapse All

[+-4=%F Planes i
48 Lists Edt

& Lssign Material...

Assign Excitation

View »
Properties...
Assign Boundary k

Assign Mesh Operation *

Fields

Plot Mesh

Lurnped Port...

Incident Wave
Voltage...

Current...

Magnetic Bias...

]
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Wave Port

Wave Port

|

General | Modes I Post Processing I Defaults I

Name:
==

General Modes | Post Processing | Defaults |

Mumber of Modes:

Mode I Integration Line I Characteristic Impedance (Zo)

1 Mone Zpi

|

General | Modes  Post Processing | Defaults |

Post processing operations do not affect field plots.

— Port Renomalization

" Do Not Renomalize

' Henomalize All Modes
Full Port Impedance: 50

[ohm -]

" Renomalize 5 pecific Modes Edit Mode Impedances... |

— Deembed Settings

[~ Deembed Distance: |0 Imm LI

Pozitive distance will deembed into the part.

28



o Wave Port

+ HFSS assumes that the Wave Port is connected to
a semi-infinite long waveguide that has the same
cross-section and material properties as the port.

+ Wave ports calculate characteristic impedance,
complex propagation constant, and generalized
S-Parameters.

o Lumped Port

- Lumped ports are similar to traditional wave ports,
but can be located internally and have a complex
user-defined impedance.
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Design Examples (Driven mode: DR Filter) cont.

o Analysis Setup

* Single Frequency
rS::qutiDn Setup ﬁ

General |Optiuns I Advanced I Defauttz I - |
Solution Setup

Setup Name: Setup _

S I P General Options |Mvanced| Defauhsl
Solution Frequency: |2 IGH: LI — Initial Mesh Options
[T Solve Ports Only ¥ Do Lambda Refinement

: 0.3333
Maximum Mumber of Passes: Iﬂ Target: I ™ Use free space lambda

Convergence per pass

— Adaptive Options
' Manimum Delta 5 0.01 Maximum Refinement Per Pass: |2'|] %
[T Maximum Refinement: 100000

" Use Matrix Convergence Set Magnitude and Phaze..

Minimum Mumber of Passes: |1
Minimum Converged Passes: |1

— Solution Options

[” Use Low-Order Solution Basis

University of
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Design Examples (Driven mode: DR Filter) cont.

o Analysis Setup (cont.) ==
* Frequency Sweep

Sweep Mame: ISweep'I
— Sweep Tupe — DC Extrapolation Options
¥ Dizcrete [T Estrapolate to DC
" Fast Mirirnurn Solved Frequency |EI.'I IGHz LI
¥ Shap Magnitude to 0 or 1 at DC
7 |nterpolating

Setup Interpolation Convergence. . |

I ax Solution:s:

on [}
il

Error Tolerance:

- ] -4 MaterialR
4PoleDielecticResonFiter* €7 Cylr
=-f$ HFSSDesign1 &7 Cylr2
€7 Model -2 Cylr21
--ﬂ Boundaries w7 Cylrl
--@ Excitations - pec
----- BEF Mesh Operations +-$¥ sapphire
Elﬁ Analysis -4 vacuum
ﬁ i ta Canrdinate Siecke
----- i@ Optimetid ~ Rename
- Resuls X Delete
e[ Pot Field Properties
[Ty Field Ove| __—0P=T =
_____ Radiation Add Sweep... I
-2 Definitions Add Dependent Solve Setup...

— Frequency Setup

Type:  [LinearStep  +|

Start 1.3 |GHz |
Stap [1.34 |GHz |
Step Size  [0.001 |GHz =]

W Save Fields [4/ Frequencies)

o |

Shapping Tolerance ID-D'I

Digplay = |

Tirne Damain Calculation... |

I Frequency

Cancel

University of
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Design Examples (Driven mode: DR Filter) cont.

o Solution Data

B | Solutions: 4PoleDielecticResonkilter2_3 - HFS5Designl

r

B | Solutions: 4PoleDielecticResonFilter2_3 - HFS5Designl

Design W arnation: I"I 2.2Tmm' Le="20.32mm’ 5="51.5mm' T="3.81mm"' TP="0.Tmm" 12="10.058m

I Setupl ;I

Profie  Convergence |Matrtx Data

Sirnulation:

Simulation:

Pazs Humber I # Tetrahedra | Max Mag. Delta 5

— Mumnber of Pazses
Completed 15 1 4975
Maximurm 15 2 5729
kdinirnunn 1 3 EEG4
—Max Mag. Delta S 4 Ta14
Target  0.01 5 9154
Current  0.021342 g 1071
View * Table " Plot 7 12725
8 15054
3 17631
10 20905
MWOT COMNWERGED 19 24700
Consecutive Passes 12 23025
Target 1 13 34572
Current 0 14 99563
15 45270

AR
1.0365
1.3885
0.7
0.23503
0.2556
0.0BE175
013555
0.035355
015014
010422
1.4731
011683
0.0763
0.021342

W 5 Matix [ Gamma
[~ % Matix [ Zo
[T Z Matrix

Drezign W ariation: |'1 2.2 mm' Le="20.32rmm’' 5="87.5mm’ T="2.87mm’ TP="0.Trmm" 12="10.058mrm" ' 2.

I Setupl

ﬂ ISweep'I

Profile I Convergence Matrix Data |

|1.3[GHz) Ba

Ewport katrix Data...

[~ &l Fregs. Edit Fregs... I

Eguivalent Circuit Export.... I

IMagnitude.-"F'hase[deg] ﬂ

I SiwfavePortl:1 I SwfavePort2 I

[~

Freg ’

WwiaveFortl:1 [ 0.93337, (o j
-WavePDrtE:'l (00073384, -109) [0.99997, -18.7)
|

-18.3)

@ Export Network Data Solution - — . @
.
C)(\_} [ 1. « HFSS » dPoleDielectricFilter » = |¢,||gegﬂ_-,s, o
File name: 4PoleDielecticResonFilter2_3 -
Save as type: | Touchstone (*.shp L1

* Browse Folders

University of

Waterloo

©

Touchstone (*.sN

Data Table (spreadsheet) (*.tab)
Planar EM/HFS5 v+ (*.szg)
i—l = — Meutral Model Format (*.nmf)
MATLAB (*.m)

Citifile [*.cit)
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Design Examples (Driven mode: DR Filter) cont.

* Plotting Solution Data

Create Report

El" 4PoleDielectic ResonFilter
=I-f# HFSSDesign1

Target Design: |HFS 50 esion]

Repart Type: | Modal Solution Data

Open All Reports
Delete All Reports

Browse Solutions...

Clean Up Solutions...

Import Solutions...

..... £ Model

- [F Boundaries
- #%3 Excitations

----- BEF Mesh Operations |
- JF Analysis

..... i§ Optimetrics
N =] Resi o |
=7 Port Create Report... o

ﬁ Fiel Solution Data...

..... Rad Output Variables...

-] Defintio Update Reports

Y1

Display Type: |Rectangular Plot

o

= I T |Y-a:<is| Add BlankTrace |
1 |Freq dB[S[w avePon] WavePort1)) 1
2 |Freq dB[S[w avePor2 WavePort1]) ha! Eizrime Trms |
Remave Al Traces |
=l
~ Content Sweeps | % Y |
- I Dresigr: |HFSSDesign1 j
Categony: GQuantity: Function:
SaliER ISE“"F"I : Sweep ﬂ ‘Wariables S[wWavePart MW avePartl) ahg_deg
I Qutput Y aniables S[w'aveFort] W’aveF’olt2 ang_rad
Diamair: ISweep j favePort2 W aveP) cang_deg
¥ Parameter cang_rad
: Z Parameter E h
Palar Flot VDR gl ... | VSR im
Radiation Pattem Gamma mag
Data Table Fort Zo "
. Group Delay
Smith Chart Active 5 Parameter
3D Rectangular Plat Active ¥ Parameter
Active Z Parameter
30 Palar Plot Ackive VEWE
0.00 -~
-10,00-] - [
Add Trace I Replace Trace |
-20.00 .
Done | Cancel
-30.00|
<000
s
£0.00
1.8 1.1 1.82 1.83 1.84
Freg [GHz]
University of

Waterloo
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Design Examples (Driven mode: DR Filter) cont.

o Port Field Display

.|n|x| |5& Objects %
- ' MaterialF. _ﬁ
E|-- 4PoleDielectic ResonFilter ' pec ﬁ
=6 HFSSDesian1” -4 sapphire %
----- €7 Model = & vacuum =
- fF Boundaries = CE"-"Itjf ?
-3 Bxcitations || | @ e ! CreateBox r
----- EF Mesh Operations F-1h Unite
Eﬂ"'ﬁ Analysis &g Subtract
----- ﬁ Optimetrics {1+ Mowve
H-= Resuts ||| e BH DuplicateMirror
=] Port Field Display F-1h Unite
E| WavePort1 -1~ Coordinate Systems
o Mode 1 -4 Planes
WavePort2 -8 Lists
- Jigy Field Overays
----- Radiation
-7 Definitions

University of
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Design Examples (Driven mode: DR Filter) cont.

Add/Edit Sweep (X

o Parametric Analysis

) Y anable Descript
Yariable |1 ﬂ _
Draw 3D Modeler [HFSS| Tools Window Help b1 Linear Step from 23.8mm to
X C‘:| Q Solution Type... il % t " 7 Single value
E| Lict... % Linear step
200<d ;Ealidation Check... i ':|3D " Linear court M
e/ 88 it R | L I PR
5 2 Obiects * Analyze All ecade caun
| s | 1B Edit Notes... " Dctave count Update »> |
-4 Materiz .
é.?’ Cyl. 3D Model Editor " Exponential count
£ Cyl, Assign DC Thickness Delete |
: szign DC Thickness... - 29.8 -
- Gyl Start: I Imm _I
#H-£F Cyl] Boundaries J Stop: |3|:| Imm ;I 4| m | »
-4 pec Excitations 3
-4 sapphir Mesh Operations L Step: IEI.EH I'T'”" LI | Ok I Cancel |
R VaCUUT - Analysis Setup r
-1, Coordinats Optimetrics Analysis L Add Parametric... h
[+-4% Planes
.
=-€9 Lists Results LA o
TN :
petds | iy A ' -
Radiation e Tur Sweep Defintions ITabIe I General I Calculations I Options I
C
Boundary Display (Sohver View) Opt Sync # | Variable | Description [ | A |
03] Linear Step from 29.8mm to 30mm, step=0.07mm :
Diesign Properties... Edit..
University of

Waterloo
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Design Examples (Driven mode: DR Filter) cont.
o Optimization

Setup Optimization . u
Goals |‘u"an'ables | General | Options |
Optimizer: IQuasi Mewtan ;I
- - - - ; Max. Mo. of terations: |1D[H]
Properties: 4PoleDielecticResonFilter2_3 - HFSS DESI-
Cost Function:
| Lecal Varables
Solution I Calculation I Calc. Range ICcnditionl Goal I Weight I
7 Value ¢ Optimization £° Tuning Setup? : Sweepl  |S11_opt Freq(From 1.91GHz to 193GHz) <= [20) ]
_ Setup1 : Sweepl S521_opt Freq(Single value at 1.505GHz) &= [-40) 1
- — '”Tide |3?';:r";'”a' Valoe || |Setup?:Sweepl | S21_opt Freq(Single value at 1935GHz) | <= [40] [1]
. m = ] "
a I_ 1.117mm [
b [~ 254mm '
01 |7 25.87mm
D2 [#  29.66mm
d I_ 7 47mm
Ds I_ 14 22mm
s [ |2032mm Add l Delete | Edt Calculation... | Edit Cal. Range... | Edt Goal/Weigh...
Acceptable Cost: ID Moise: ID.DD'I]'I [~ Show Advanced Option
DK I Cancel
Universityi)i
e Bl ]
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Design Examples (Driven mode: DR Filter) cont.

Qo Optlmlzation (Cont.) Edit Calculation Range X

~ Edit Range Yalid | Wariable Fange
VeI 2 From 1.91GHz to 1.93GHz

© Ot it A EROES | . = e

— Output Variables

i* 5 |
Marnme | E spression Pz Sigle el Update
1511 _aopt dB (S [ avePort] WavePortl])
* |521_opt dB(S W avePort] WavePar1]) Start: [1.916Hz =l
— Delete |
Stop: |1.93GHz |
i 4 | ] | »
|
Edit Goal Value/Weight (X
Marmne: I Add I |pdate [elete | e il UEMEIH
E xpression: Goal Value I Weight I
~ Caloulation Type: ISimpIe MNumeric ‘u’aILﬂ
Inzert Quantity Inta Expression
- Y ? - | Goal ‘u’aluel
Cateqony: [Cluantiby: Funchor:
Design: | HFSSD 1 = Yariables - B conjg -
? I e —I Output Variables S avePort] Wa cos
Report : S[wavePort2 WavePort1) cozh
TB}I.JF,D; IMUdal Solution Data ;I S avePort2 wavePort]
defiv
Solution: ISetup‘l . Lastddaptive j gsa\rrlrﬁa ﬁ:p H
Port Zo inteq
Active 5 Parameter In
Active Y Parameter logl0d
Active £ Parameter - I III p |mag I8
Ak VT D e
0K I Cancel Help
University of
[ T
N
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Design Examples (Driven mode: MSL)

o 3D Model of the MSL

.| o] x| =&7 Objects
— =-F die 10
- MSL_50ohm- B idie
E# HF55Designi® =4 vacuum
..... £2 Model m-£7 met_box
E-EF Boundaries =3 Sheets
[ PedET -3 Perfect E
..... I PefE2 - @-E3 MSL
-3 Excitations -3 Wave Port
Jﬂ WavePort1 I:I portl
. # WavePort2 & port2
----- E¥ Mesh Operations #-l2, Coordinate Systems
- Analysis -4 Planes
- fP Setup1 -9 Lists
L)~ Sweepl
..... i§l Optimetrics
----- = Results
-] Port Field Display
[ igy Field Overays
----- Radiation
27 Definttions
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Design Examples (Driven mode: MSL)

» Port Field Display

.| 0] | Eé? Obje-f:ts 5
E|-s die 10 ‘
=13 MSL_500hm_lump_port { e die
Elﬁ HF55Design Es Vacuum
€2 Model E-£7 met_box
P Boundariss -3 Sheets
[P PedEl -3 Perfect E
----- £ PerfE2 E|I:I Wave Port
E-#g Excitations I:I portl
ﬁ WavePort1 2= port2
L4 WavePor2 .1 CreateRectangle
... B Mesh Operations .. Coverlines
B-4F Analysis H-l2, Coordinate Systems - B
Eﬁ Setup1 -4 Planes 2 5B I 2
L Sweepl || @B Lists A
- Optimetrics i Ph o
- Resuls o ': E:i ; }’ P
=I-[Ta] Port Field Display :-.-i\"_“ ) fi_"_/;.__' :
WavePort1 p ST
-] WavePaort2 ’; ‘x,a{ ! E E‘ }L :
L i }*: P
[l Field Overays ——
.5 Radiation
(27 Definitions

University of
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Design Examples (Driven mode: MSL)

o Solution Data

Dezign Variation: |H='D.535mm' L="8rrm" w="6rmm" %/_50="0.Emm' ‘»_F=
Simulation: ISetup‘l LI ISweep'I

PmﬁelConva’gam MarixDﬁtal

[T SMatix [T Gamma
[T ¥ Matiz W Zo

[~ Z Matix
IMagniludefF‘hase[deg] LI

m
o

v A&l Fregs.

Fort Zo

2.9 (GHz)

Y1

0.00

University of

Waterloo

4.0

6.0
Freq [GHz]

8.0

10.
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