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» Overview of HFSS
B Capabilities and key features
B Example measurement comparisons
» Cylindrical cavity tutorial
B Eigenmode solver
B Parametric geometry
B Curvilinear elements
B Modal frequencies, Q-factors, and fields
B Field calculator
» Dipole antenna tutorial
B Driven excitation solver
B Radiation boundaries
B Frequency sweep
B S-parameters, near and far fields
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» Full-wave frequency-domain 3-D field solver @
based upon finite element method X .
B Industry-standard accuracy Commalresonster CorporsteFees
B Adaptive meshing of arbitrary geometry
B Fully parametric modeling ' 5
B Optimization and HPC H/ L L
B Multi-physics via Ansys Workbench Parametric Sweep ogve it

of CoaxBend

» Widely used for RF/microwave design
Antenna design and platform integration
Filters and waveguide structures
Electronic packages and PCBs
Connectors and transitions

EMC/EMI

B Radar cross-section

» Integrated into Ansys Electronics Desktop : )
Tee and Optimum Combiner
B Part of Ansys Electromagnetics Suite Tee

Ring Hybrid
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I\ ANSYS Electronics Desktop - Project] - HFSSDesign1 - 3D Madeler - [Project] - HFSSDesign1 - Madeler] o[ @] =]
& File Edit View Project Draw Modeler HFSS Tools Window Help jaq
DSHE| LB (& e PR e BLAR(OPL D iHSSSEQ|B ;!

AR 0008608 on i0 oo e~ inm@mm faa®d @@ Fealin P i oDE R oGE: Toolbars
BLBERWLUAERIGIKYHY . 980009680 D 0, [

Project Manager q X IA Coordinate Systems 2

E\- Project1* 43 Planes
(- @3 HFSSDesign1 (DrivenModal) @ Lists
é 3D Components
& Model

. £ Boundaries
P r'OJ e Ct /2 Excitations

é Hybrid Regions
B8 Mesh Operations

Manager - f Analysis 3D

@ Optimetrics
Results

[ Port Field Display M Od e I 3 D M Od e I

- % Field Overlays

S-S Editor \ Editor

™ Tree Graphics

Name IValuel Unit |Evalualt

Properties

< | mn >

Variables | 0 1

Message Manager 2 X Progress

Progress
Window

Message
Manager

(7] Hide 0 Messages
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-

/ Driven Modal \

> E ig e n m Od e SO I u ti O n : Fields based transmission line interpretation \

Port’s signal decomposed into incident and
reflected waves

B Solves for natural resonances of structure « Excitation’s magnitude described as an incident

power

based on geometry, materials, and
boundaries

B Provides modal frequencies, unloaded Q-
factors, and fields

» Driven solution \ e e
B Port or incident field used to excite the

Modal Propagation
*Energy propagates in a set of orthogonal modes

*Modes can be TE, TM and TEM w.r.t. the port’s normal
*Mode’s field pattern determined from entire port
geometry

*Each Mode has its own column and row in the S, Y, and Z

parameters

~ System

StrU CtU re / . Driven '!'ermipal ' \
B Driven modal method commonly used for e S
=Vinc + Vref)

R F/m ICrowave d eS I g n S * Excitation’s magnitude described as either a total

voltage or an incident voltage
+ Supports Differential S-Parameters

B Driven terminal method commonly used for
multi-conductor transmission lines

B Provides S-parameters and fields

Terminal Propagation
*Each conductor touching the port is considered a terminal
or a ground

*Energy propagates along each terminal in a single TEM
mode

*Each Terminal has its own column and row in the S, Y and
Z parameters

*Does not support symmetry boundaries or Floquet Ports

Network

+ o
7, & Circuit
—= 1 System

Port2

St
(&)
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Adaptive Mes gorithm

» Tetrahedral mesh automatically
generated and refined below user-
defined electrical length

B Tetrahedral element shape conforms to
arbitrary geometries

» lterative algorithm solves fields and
refines mesh until user-defined
convergence threshold value is reached

B Driven modal: S-parameter convergence
B Eigenmode: Frequency convergence

» Produces graded mesh with fine
discretization only where needed to
accurately represent field behavior

B Efficient use of computational resources
B Tunes mesh to capture EM performance
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» Wave ports

B 2D FEM solver calculates requested number
of modes (treated as t-line cross-section)

Solves for impedances and propagation
constants

Supports multiple modes and de-embedding
Simple for closed t-lines
Must allow room for fields of open t-lines

Must touch external boundary or backed by
conducting object

» Lumped ports
B User-assigned constant impedance
B Uniform electric field on surface
B Single TEM mode with no de-embedding
B Can be internal to model >,

January 16, 2017 7
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Boundary Conditions
» Used to simplify geometry or make

meshing more efficient I I I x I I I I x I I I
» Material properties for surfaces y

B Finite conductivity (imperfect conductor) R R R R

B Perfect electric or magnetic conductor Yy

» Surface approximations for components
B Lumped RLC
B Layered impedance

» Radiation
B Absorbing boundary condition
B Perfectly matched layers (PML)
» Any object surface that touches the

background is automatically defined as
Perfect E boundary

January 16, 2017 8
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Frequency Sweeps

» Discrete sweep 3
Interpolating v

B Solves adapted mesh at every frequency
B Matrix data and fields at every frequency ﬁfmo,aﬁng [g \
» Fast sweep

B Extrapolates rational polynomial function
for electric field over specified range S =

B Usually valid over less than 10:1 BW
B Matrix data and fields at every frequency

ﬂq(S—zq Xs—zq_l)..(s—zl)
aq(s—pq Xs—pq_l)..(s—pl)

» Interpolating sweep | |
B Solves minimum number of frequencies [\
to create polynomial fit for S-parameters well \[
B Useful for very broadband S-parameters

B Matrix data at every frequency

January 16, 2017 9
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» Cavity-backed Archimedean spiral antenna with tapered line balun

Realized Gain (dBic)

10

—10}+

=20

= = RHCP Simulation
= = LHCP Simulation

15 20 25 30 35 40

Frequency (GHz)

Axial Ratio (dB)

. ‘
— Measurement | :
= = Simulation

25 30
Frequency (GHz)
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Example Comparisons with Measurement

Magnitude (dB)
& ) [N N N .
=} & o o o & o

&
&

Resonant Patch Antenna

T T T T

— — —Modeled Transmission Loss(521)
— = =—Modeled Return Loss(S11)

Measured Transmission Loss(521) [
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oo
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VSWR of Vivaldi Tapered Slot Antenna

| | —Measurement -
| | = - HFSsSimulation |
K
A A
IATAYY N
N -
T T T T 1
0.5 1 1.5 2 2.5 3 3.5 4
Frequency (GHz)
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Mesh Controls

» Mesh seeding allows user to directly
influence initial mesh
B Reduce number of adaptive passes
B Focus mesh elements in critical areas
B Not required for accurate results
B Can create better-looking field plots
B Seeding radiation boundary can
improve far-field data
» Lambda refinement

B Ensures that initial mesh is refined to
fraction of electrical wavelength

B Electrical size depends on solver basis
order

® Zero: M10, First: A/3, Second: 2)\/3,
Mixed: 2A/3

Field plot with seeding

Initial geometric mesh
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Field plot without seeding

Electrical mesh after
lambda refinement

January 16,2017 | 12
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Curvilinear Mesh Elements

» Global mesh approximation setting
for all true surfaces in model \ S A‘
» Higher order (curvilinear) elements

used to represent the geometry

B Pulls midpoints of tetrahedra
surfaces to true surface

» Pillbox resonator with analytical f; =
22.950 GHz for TM,,, mode
B Default setting: 23.269 GHz
B Finer segmentation: 23.012 GHz
B Curvilinear elements: 22.950 GHz

Rectilinear mesh element Curvilinear mesh element

Default settings Finer segmentation Apply curvilinear elements

6024 DOF 6140 DOF 4966 DOF
1.38% error 0.03% error 0.00% error

January 16, 2017 | 13



FEM Solver

» Direct matrix solver is default technique

Exactly solves matrix equation Ax = b

Multi-frontal sparse matrix solver to find
inverse of A (LU decomposition)

Solves for all excitations b simultaneously

» lterative matrix solver is optional technique
for driven solutions

Reduces RAM usage and often runtime

Solves matrix equation Max = Mb where M
is preconditioner

Begins with initial solution and recursively
updates solution until tolerance is reached

lterates for each excitation b

More sensitive to mesh quality, reverts to
direct solver if it fails to converge
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vxE=-22
ot

oD
VxH=J+—

dt

V-D=p

KV'B=O J
a,, a4, dp; a14“x1_ _bl_
0 ay ay ay|x _ b,
0 0 ay ay|x b
0 0 0 ay,|x| [b]
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» Basis functions are n-order polynomials that [Frst Order B
describe how E-field varies along mesh elements oo Order
First Order
edge, face, or volume Second Order
» Hierarchical basis functions e
B Zero or first or second order basis functions

B Higher-order elements have increased accuracy but
more unknowns (6, 20, 45)

B hp-FEM method refines element order p and element Zero Order 1st Order

» Mixed order basis functions
B Zero and first and second order basis functions

Size h etrahedra olution aptive Passes
e Dl N
B Automatically distributes element order based on o w945 2968 2imn 16
element size to Optimize use of resources 15t 28,559 681MB  2.5min 1

9

» Choice of ideal basis function is problem dependent = > = 7 18 esmn

. . . . Mixed 17,385 355MB 1.3 min 11
B Mixed order efficiency is comparable to or better than
best of single order basis functions

January 16, 2017 15
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Named Context

» Tool for performing math operations eXpressions selection

.
on saved fields S —
Name Expression [~ Solution: Setupl : LastAdaptive -

. Mag_E Mag(AtPhase(Smooth(<ExEy.E2>), Phase)) |
- E H J a n d P O n tl n d at a Mag_H Mag(AtPhase(Smooth(<Hx Hy,Hz>), Phase)) Field Type: -
y y y y g Mag_Jval Mag(AtPhase(Smooth(<Jvi.JVy,JVz>), Phase))
Mag_Jsurt Mag(AtPhase(<Jsurtx Jsurfy, Jsurfz>, Phase)) | ClearAll Freg 20GHz =
H I I ComplexMag_E Mag(CmplMag(<ExEy.E2>)) o lws.;i
ava I a e Complexiag_H Mag(CmphMag(cHx Hy,Hz>) ase
C

_dvol  Mag(C ViV V23))
ComplexMag_Jsuf  Mag(CrmphMag(<Jsurbc Jsury, Jsurfz>) v

B Geometric, complex, vector, and | |
Scalar data Ubrary:  LoadFrom.. | saveTo. |

B Perform operations using model or w\m Stack
non-model geometry Data stack / operations
H Generate numel’lcaL graphICa|, Push | [ Pon RUp | RDn | Exch | cesr | uno |

Input General | Scalar Vector Output

geometrical, or exportable data =

Change Variable Values...

Normal |

. «|  functions

| | vec? % | seal? % | vaue |
[ Geomety.. | - | 1% | Matl. | Eval |
» Reverse Polish notation i : i ) i = i =
» Fr ntl Xpressions can S| | W o]
equently used expressions ca = =S cakuator
|

be included in user library and e
loaded into any project

B Eliminates need to re-create
expressions used across projects

%ﬂRe{ExFI*}-% %affﬂEF dv

January 16, 2017 | 16
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Keyboard Shortcuts

General Shortcuts 3D Modeller Shortcuts

B: Select face/object behind current selection ~ » CTRL + Left Mouse Click: Shifts the local coordinate

» F1:Help e .
» F1 + Shift: Context help » F:Face select mode . system temporarily
. F4+ CTRL: Close window > 0: Object select mode r SHIFT + Left Mouse Button: Drag
> CTRL+C:C » Hold X: Curser movement restricted > Alt+ Laft Mouse Button: Rotate model
g s Lopy to x direction » Alt + SHIFT + Left Mouse Button: Zoom in / out
» CTRL + N: New project » Hold Y: Curser movement restricted » F3: Switch to point entry mode
> CTRL +0: Open... to y direction (i.e. draw objects by mouse)
: . » Hold Z: Curser movement restricted » F4: Switch to dialogue entry mode
» CTRL +5: Save to z direction (i.e. draw object solely by entry in
» CTRL + P: Print... » CTRL + A: Select all visible objects command and ateributes box)
> CTRL + V: Paste > CTRL + SHIFT + A: Deselect all objects > F6: Render model wire frame
> CTRL+X: Cut > CTRL + D: Eit view » F7:Render model smooth shaded
~ LU .
» CTRL +Y: Redo
» CTRL +Z: Undo Predefined View Angles
» CTRL + 0: Cascade windows To
» CTRL + 1: Tile windows horizontally ® ® ®
» CTRL + 2: Tile windows vertically
~» Alt + Double Click Left Mouse Button at points on ® ®
screen: Sets model projection to standard isometric Left v Right
projections (see diagram to the right).
~ Alt + Double Click Right Mouse Button at points
on screen: give the nine opposite projections. ® ® ®
Bottom ANSYS | 17
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Cylindrical Cavity Example
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Cylindrical Cavity Example

» Empty copper cavity

® Radius =21 cm foom \/(1%)2+(0;”)2
B Height =100 cm 27/
. C
» Expected results for TM,,, mode 2.61r
B f, = 546.42 MHz
14

B Q-factor = 61,391 (Li and Jiang, 2006) 0 - H \(R\ 0,=0.=
B Form factor C = 0.69 (Peng et al., 2000) ‘ (R+H)(5) s |2
B Form factor C = 0.692 (Stern et al., 2015)

2

j d3x Ew'é()
V

Bgvf d’xelE,|?
V
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» Insert into Electronics Desktop using Project > Insert HFSS Design

I\ ANSYS Electronics Desktop - Projectl E]@
File Edit View |Project| Tools Window Help

‘D | & Insert HFSS Design ~| = o) M

TN s @ Insert HFSS 3D Layout Design

L @ Insert HFSS-IE Design

B @ @ Insert Q3D Extractor Design =

W& Insert 2D Extractor Design
m *8  Insert Circuit Design

L4 Insert Circuit Netlist

G4 Insert Maxwell 3D Design
Bl Insert Maxwell 2D Design
& Insert RMxprt Design

|f|/:l Insert Maxwell Circuit Design
lif#e Insert Simplorer Design
A% InsertFilter Design ...

Insert Documentation File...

¥ Llaunch Savant...
&7 Launch EMIT...

_ o
Properties =
Submit Job...

R Project Variables...
Datasets..,
Event Callbacks...
< n »
Variables [
Message Manager R X Progress

Insert HFSS design [ Hide 0 Messages l"' Hide Progress ! January 16, 2017 20
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2: Set Eigenmode Solution Type

» Select HFSS > Solution Type > Eigenmode

A ANSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesignl - Modeler]
%1 File Edit View Project Draw Modeler -HFSS Tools  Window Help
IDEH| L BB(& X 2 | solutionType.. [RERE=NN o HER =R W =W N -
‘{‘k?;GBEjQO(@;:»R Lists iR B EE el Pl _Ppaaeih ; ;
= 5 s a Validation Check...
BoBRLHANLIn IEr’i o 106 . ]
Project Manager 3 x Submit Job... n i 7 @
= ] Project1* Bl Solution Type: Projectl - HFSSDesignl
& @ HFSSDesign1 {DrivenModal) :
(L Definitions Toolkit » .
Solution Types-
3D Model Editor
Set Object Temperature... e
Design Settings... Modal
Model , " Terminal
Boundaries >
Excitations v " Transient
i ! % Eigenmode
Mesh Operations >
Analysis Setup >
Properties B x Optimetrics Analysis > Driven UptiOnS
Name |Value| Unit IEvaIuatt fields £
Radiation » = Net R ‘G
Results » RS
Boundary Display (Solver View)
Design Properties... r— Auto-
Design Datasets...
————_ ' [—
Variables | 0
Message Manager 2 X Progress
™ Save as default
oK I Cancel
Select solution type. (<] Hide 0 Messages M = Hide Progress [ January 16. 2017 21
’




3: Set Model Units

» Select Modeler > Units > cm

Pacific Northwest
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A ANSYS Electronics Desktop - Projectl - HFSSDesignl - 3D Modeler - [Projectl - HFSSDesignl - Modeler]

5 File

Edit View Project Draw |Modeler | HFSS Tools Window Help

DSH| B |&|X
iR .ieB0BLs0Oe
B DPE=EHEN
Project Manager
E’Proiectl*

P wspesignt (egenmode) |

(] Definitions

Name IValuel Unit

< [ o pem——

Variables

Message Manager

B
a

Import...
Export...

SpaceClaim Link

Import From Clipboard

Group Objects By Material

Group Components By Definition
Assign Material..,

Movement Mode

Grid Plane

Snap Mode...
New Object Type

Coordinate System
List

Edge

Surface

Boolean

Units...

Measure

Generate History
Delete Last Operation
Purge Histary
Upgrade Version
Fillet

Chamfer

Model Analysis

Model Preparation
Validation Settings

v=§=§,m'u H B
189006,

B 0. ESSR|PL|B. IOCETER

- v v ¥ ¥

[ X Progress

Set model units

Set Model Units

Select units:

[ - |

™ Rescale to new units

oK | Cancel

2 (mm)

5]

Hide 0 Messages l = Hide Progress !
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4: Set Dialog Data Entry Mode
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» Select Tools > Options > General Options > 3D Modeler > Drawing > Dialog

A ANSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Project - HFSSDesignl - Modeler]
% File Edit View Project Draw Modeler HFSS Window Help

EDSE“ E‘Q X ) ¢ _ilocl Edit Libraries ]@‘pv_ﬁi, -QSSSSQ‘ ;
9N e BAa0eE0 R i Library Tools B - i B, B o
o . - M. Project Tools OGS @
 BOPE=EHRAM R G :
Project Manager 7 x RunlScripte General 4 [~Drawing Data Entry Mode
=) Project1* g Pause Script 2D Extractor O Point & Dislog
& HFSSDesign1 (Eigenmode)* Record Script To File... Circuit Design
-] Definitions Record Script to Project... Circuit NetList Design Use F3/F4 to switch between point and dialog entry mode
HFSS
0 C d Wind
e e HFS5 3D Layout Relative Coordinate System Creation Mode
HFS5-1E
Password Manager... Mascwell 2D @ axis{Position " Euler angle
Options General Options... Maxwell 3D Use F3{F4 to switch between axisfposition and Euler angle creation mode
Keyboard Shortcuts... 1% HPC and Analysis Options... Q3b E
Ciistomie RMxprt [~ Polyline Creation
Export Options Files... Simplorer
External Tools... 5 3D Modeler v Automatically cover closed polylines
[ Show Queued Simulations -
: 3 : ) X Operation [V Show measure dialog during drawing
1B Edit Active Analysis Configuration... Snap
. I Edit properties of new primitives
Properties rx Impaort Array from Table.., [ Display Lt p
General
Name IVaIuel Unit ]Evaluatt Job Management Rendering [ 5
R 3 History Tree
| Wi
Calibration Wizard SpaceClaim Link
Layout Links... Advanced
Network Data Explorer Layout Editor
PEmag.. @ Marhines .
OK I Cancel
Variables | 0 1 2 (cm)
Message Manager B X Progress
Set general options (7] Hide 0 Messages l" Hide Progress. ! January 1 6 201 7 23
)
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5: Set Default Transparency of 0.7

» Select Tools > Options > General Options > Display > Rendering

I\ BNSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Madeler - [Projectl - HFSSDesign1 - Modeler] [o][@ ==
% File Edit View Project Draw Modeler HFSS Window Help [=]=]x
DD"'E‘ E‘é X ¥y o« _ilocl Edit Libraries "B "E i
AR _BO O S ONeREENN B Loy Took - W W
% = = s = = Project Tools = = ~ e
 BOPDEELHLRE R G :
Project Manager RunBenpte
=[] Project1* g Pause Script
& HFSSDesign1 (Eigenmode)* Record Script To File...
(2] Definitions Record Script to Project... Options
Open Command Window General »  Rendering Defaults
2D Extractor F
Password Manager... Circuit Design Default color: Object ~|
r Circuit NetList Design
Options » General Options... HESS Default view render mode: SmoothShade v
s : : HFSS 3D Layout
Keyboard Shortcuts... 1% HPC and Analysis Options... Hroe1E Default transparency:
Customize... o .
Export Options Files... Maxwell 2D A
0.7
External Toals... Maxwell 3D 7
Q3D ! Opaque Transparent
[0 Show Queued Simulations RMxprt 3 ’
1B Edit Active Analysis Configuration... Simplorer Object Visualization
= 3D Modeler Outline contrast:
Properties rx Import Array from Table.., Drawing A l_
Operation - 0.5
Name IVaIuel Unit ]Evaluatt Job Management 4 Snap Minimum Maximurn
L . [=] Display
Calibration Wizard General
Layout Links... L
Network Data Explorer History Tree
SpaceClaim Link
PEmag... Advanced
Layout Editor
@ Marhines Y.
e M Cancel
Vaiables |

Message Manager B X Progress

Set general options [© Hide 0 Messages l'r Hide Progress ! January 16, 2017 24
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6: Create Parameterized Cavity

» Select Draw > Cylinder

A ANSYS Electronics Desktop - Projectl - HFSSDesignl - 3D Modeler - [Project - HFSSDesignl - Modeler]
5 File Edit View Project Modeler HFSS Tools Window Help
D@ E|f EB|E~ tn EE e iBEsR| O N
28 a0 w el imEEm s e, i H K K
s hre ; s s s s s s s
E g HoiE 6
i BBDHE WL ! Equation Based Curve ﬂ@@@ﬂ@@@fa;
Project Manager Xftems 2
= Project1* O Rectangle .
& HFsSDesign1 (Eigenm <=  Ellipse
(L) Definitions O Circle
{  Regular Polygon
4 Equation Based Surface
© Box
B Cylinder
@ Regular Polyhedron
4 Cone
O Sphere
@ Torus
Helix
b
Bonduwvire
Name: 1Va|ue
Sweep »
User Defined Primitive >
User Defined Model »
3D Component Library >
2> Plane
o Point
e —) ——
Variables Line Segment » 0 1 2 (cm)
Add a gylinder to the model | Hi essa ~— Hide Progiess 8 January 16, 2017 25
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6: Create Parameterized Cavity

> ' = (
Cavity rad =21 cm v =
» Cavity height = 100 cm Nee oot
Unit Type ILength LI
e 0 .
I\ CreateCylinder @ o Icm j
Command | Attibute | e |2
Name I Value I Unit I Evaluated "v"aluel
Command  CreateCylinder ( Rk @ ]
Coordinate... Global Tire m
CenterPo... 0.0.0 cm Ocm , Ocm , Ocm Name lcavity_height
Axis z
Unit T
Radius cavity_rad 21cm o |Lenglh LI
Height cavity_height 100cm Unit | cm LI
MNumber of... 0 0
Value 100
T Local Variable v
P I ype I ocal Vanable _I

0K I Cancel |
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6: Create Parameterized Cavity
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» Fit cavity to view using View > Fit All > All Views

Project Manager,

=3 Project1
& HFSS
(2] Definit

Narn

cavity_rad

cavity_height

]

Variables

Message Manag

iV

Status Bar

Project Manager
Message Manager
Properties

Progress

ACT Extensions
Component Libraries
Layers

Nets

Components
Window Layouts
Variables

Undo View : Fit All
Redo Yiew
Clear Undo/Redo History

Modify Attributes

Interaction
Fit All
Fit Selection

Wisibility
Animate...
Clipping
Render

Coordinate System
Grid Settings...

Options...

Ctrl+Shift+Z
Ctrl +Shift+Y

v v

-

A ANSYS Electronics Desktop - Projectl - HFSSDesignl - 3D Modeler - [Projectl - HFSSDesignl - Modeler]
5 File Edit [View] Project Draw Modeler HFSS Tools Window Help

I |
< S| ECHE
888880 DO.

@2

e

oS

=§ﬁ’ga</ﬂ\=

CreateCylinder

@, Active View

Ctrl+D

e Systems
Lz
|
¥
All Views 3

Zoom to fit contents in all views

B X Progress

30

(5] Hide 0 Messages l ~ Hide Progress !
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7: Assign Cavity Wall Conductivity

» Select cavity in 3D modeler tree and Edit > Select > All Object Faces

I\ BNSYS Electronics Desktop - cavity._tutorial - HFSSDesignl - 3D Modeler - SOLVED - [cavity.tutorial - HFSSDesignl - Modeler] ol -]
51 File View Project Draw Modeler HFSS Tools MWindow Help REE:
i 0 @ <) Undo ctl+z | LIJEIJ‘-:-'HQ " ER - ER i
i)k? C* Redo Ctrl+Y ‘ - blm]ﬁr“‘E;%g ® G : : : :
A $ Cut Ctrl+X B
B D ) RO N = s = s w5
Copy Ctrl+C -
g Past Crl+V | Solids
aste T+ |
= ca |4 vacuum
@ X Delete Delete 9
) Rename F2 | Coordinate Systems
P Planes
Y Lists
Delete Start Point
Delete End Point
Select All Visible Ctrl+4,
Select All
ole  Inwvert Selection
Select » | v Objects o}
Y Select by Area Filter... Faces F
Deselect All Ctrl+Shift+4, docs G
Vertices W
Name Sojtolliiztory Subrnodels u
Material
> Multi M
Solve In Arrar?ge
Orientatig Duplicate £ Multi Mode Settings...
Scale
r[':f’dle' Next Behind B
15pla) i
play Properties... ® Al Object Faces
Color T —] :
Transparent 07 ©  All Object Edges
—— €  AllFace Edges
< | n | »
Attibute | Faces On Plane A
Message Manager By/Name.. X Progress
#-[) cavity_tutorial (F:/HFSS_projects/ADMX/Tutoial/) SIS
Select Connected Vertices
@ Select Connected Edges
@ Select Connected Faces
i SelectEdge Chain

Select Face Chain

Qalart Chaat Fdnac

FIl=U

Select all faces on object

4% Hide 1 Messages M — Hide Progress
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7: Assign Cavity Wall Conductivity

Proudly Operated by Battelle Since 1965

» Select HFSS > Boundaries > Assign > Finite Conductivity

I\ ANSYS Electronics Desktop - cavity_tutorial - HFSSDesign1 - 3D Madeler - SOLVED - [cavity._tutorial - HFSSDesign1 - Modeler] ol -E-) ==
5 File Edit View Project Draw Modeler [HFSS] Tools Window Help

‘DEE| BB®|& (X - SwtonType. B ..

2R feg0oc0e=s0onE bt LREEEOE _ippdh i@
4 ¢ Walidation Check...

GBDRW A ARG 40 1D O .
Submit ob..

=[] cavity_tutorial e
@ HFSSDesign1 (Eigenmode)
(] Definitions Toolkit »

Edit Notes..,

3D Model Editor
Set Object Temperature..,
Design Settings...

Model >
Boundaries > Assign > Anisotropic Impedance...
Excitations > Set Default Base Name Finite Conductivity...
Mesh Operations > List... Impedance...
. Analysis Setup > Delete All Layered Impedance...
Properties a x
Optimetrics Snalysis > Wisualization... Lumped RLC...
Name | Value | Fields » Reprioritize... Master...
Name cavity Results > Edit Global Material Environment... Perfect E...
Material vacuum' 5 :
s : A DC Thickness... Perfect H...
Solve Inside v Boundary Display (Solver View) oD Sl R'ede'i :
Orientati Global : i PML Setup Wizard... kel
lientation s Design Properties... Sla
Model 2 Desi
esign Datasets... Sonmet
Display Wireframe I~ Yt e
Color [
Transparent 07
< | R — . »

Attibute |

0 30 60 (cm)

Message Manager
& cavity_tutorial (F:/HFSS_projects/ADMX/Tutarial/)

B X Progress
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7: Assign Cavity Wall Conductivity

Proudly Operated by Baffelle Since 1965

» Enter name “cavity_walls” and use default 5.8E7 S/m

Finite Conductivity Boundary @

Name: Icavity_walls

~ Parameters
Conductivity: | 58000000 Siemens/m
Relative Permeability: |1

™ Use Material:

™ Infinite Ground Plane

~&dvanced
Surface Roughness Model: * Groisse " Huray
Surface Roughness: IU Ium LI
3y Surface Ratio I
" SetDC Thickness [17.3553719008264 lem |
* One sided " Object is on outer boundary
€ Two sided

& Use classic infinite thickness model

Use Defaults |

_ Cancel | January 16,2017 | 30
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7: Assign Cavity Wall Conductivity

» Should have boundary condition as shown here

A ANSYS Electronics Desktop - cavity_tutorial - HFSSDesignl - 3D Modeler - [cavity_tutorial - HFSSDesignl - Modeler]

% File Edit View Project Draw Modeler HFSS Tools Window Help

DSH|*BB|&|X 2 i [ 0. iELSR|0 L
2N fodpoCeson in|oa|x o -l immEmmm fae®d
BBVPER=LHEREURANK YWY . 80000800 .

B2 Solids

Project Manager

=1 cavity_tutorial* . 248 vacuum
(=g HFSSDesign1 (Eigenmode)* H &7 cavity
é 3D Components IA Coordinate Systems
& Model 4 Planes
=29 Boundaries &P Lists
P cavity_walls

m

A2 Excitations

..B8 Mesh Operations
ﬂ Analysis

[ optimetrics
Results

. ﬁ Field Overlays

[-(_]) Definitions

Properties

Name | Value
Name cavity_walls
Type Finite Conductivity

Conductivity 58000000

Permeability 1

Inf Ground... [~

Surface R... Groisse

Roughness 0

Use Thick... [E

Y Pe— | —— »

HFSS

Message Manager

R X Progress

[5 Hide 0 Messages J§ — Hide Progress_
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8: Apply Curvilinear Mesh Elements

» Select cavity in 3D modeler tree and apply curvilinear elements
» Select HFSS > Mesh Operations > Assign > Apply Curvilinear Elements

A ANSYS Electronics Desktop - Projectl - HFSSDesignl - 3D Modeler - [Projectl - HFSSDesignl - Modeler]
% File Edit View Project Draw Modeler [HFSS] Tools Window Help
DD“H\E|§\XD B Solution Type... ]]EI]¥|E]=¢:«S”§]@\Q,”{ =®3333Q|Q2
YN _BBBOL0E - o Ui MmO W nood Ry 8 X K K M
= i = o & Validation Check...
i GaPB-wLHE@N AN, s L
s YZESS
Rrolccianagey Submit Job...
& E] Project1* B Edit Notes..
- g HFSSDesign1 (Eigenmode)*
é 3D Components Toolkit »
& Model 5
-9 Boundaries 3D Model Editor
L cavity_walls Set Object Temperature..,
A2 Excitations Design Settings...
B8 Mesh Operations
S analysis Model >
@ Optimetrics Boundaries 2
-L¥] Results Excitations »
& Dgi:;ljdn(:verlays Mesh Operations » Assign » On Selection »
Analysis Setup 4 Reassign... Inside Selection 4
Optimetrics Analysis > Delete &ll Surface Approximation
Properties 3 x Fields ’ Initial Mesh Settings... Apply Curvilinear Elements.
Name I Value -~ Results i Surface Priority for Tau...
Name cavity Boundary Display (Solver View) Model Resolution...
Material “air" o B I
. esign Properties... £
Sohe nide I¥] Apply Curvilinear Elements |
Orientation Glabal Design Datasets.. pp y
Madel 2 ol
Display Wireframe I~
a| i ’ MName: I cavity
Aibute [
v apply Curvilinear Elements:
OK I Cancel
| January 16,2017 | 32
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8: Apply Curvilinear Mesh Elements

» Can also apply curvilinear elements as global setting
» Right-click Mesh Operations > Initial Mesh Settings

A AMNSYS Electronics Desktop - cavity_tutorial - HFSSDesignl - 3D Modeler - [cavity_tutorial - HFSSDesign1 - Modeler] Initial Mesh SEttmgs @
% File Edit View Project Draw Modeler HFSS Tools Window Help
: = ; W General IAdvancedl
DBME| L BR|E| X2, ifea B2l RE-AN ORI =
2R .iDODO0@=E &R i@ | e & |[x |3 oimEEEE " Mesh Method
 BIPERLERDAANEEw Y, 0009 HIDO . @ o co
>
Project Manager LI -7 Solids Auto AU lassic
=] cavity_tutorial* = -4 vacuum
=-& HFSSDesign1 (Eigenmode)* & cavity IV &pply curvilinear elements to all curved sufaces
é 3D Components le. Coordinate Systemns
& Model 4B Planes
i Lists 5
g e;“"da:es } =@ ~ Curved Surface Meshing
cavity_walls i
A Excitations i & :
@ Use Slider " Manual Settings
Assign >
List...
Delete All Coarse Resolution fine
Initial Mesh Settings... ; 3
f ' ' ' ' ' '

-] Definitions !
L
)

Small Mesh Size Large

I™ Save as Default

oK I Cancel |

Message Manager I X Progress

January 16,2017 | 33

[ Hide 0 Messages IP' Hide Progress !




Pacific Northwest
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L] o u I o n e u p Proudly Operated by Battelle Since 1965

» Select HFSS > Analysis Setup > Add Solution Setup

A ANSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesignl - Modeler]

%1 File Edit View Project Draw Modeler -HFSS Tools  Window Help

DEHE| . B8 9 | sotonTye. B 0. &
PR e go0e=son8 Lt imEEm R
= 7 R & Validation Check...
GaBRwLRANRIGIKT 196 .
8o Analyze Al
Project Manager X Submitlobs:
. i *
- Projectt B EditNotes..
=] @ HFSSDesign1 {(Eigenmode)*
é 3D Components Toolkit »
&2 Model :
-2 Boundaries 3D Model Editor
P cavity_walls Set Object Temperature...
A Excitations Design Settings...
-8 Mesh Operations
BB cavity Model »
E Analysis Boundaries > —-)
() optimetrics Excitations » & 5
. Results i -
) Mesh Operations 4 B ]
Q Field Overlays J
(] Definitions Analysis Setup 4 | £ Add Solution Setup... |
Optimetrics Analysis »| |~ Add Frequency Sweep.., i)
Properties 3 x Fields » List... [
»
Rejults Revert to Initial Mesh
Boundary Display (Solver View) Apply Mesh Operations g
Design Properties... Clear Linked Data 2
Design Datasets... |
0 30 60 (cm)

Message Manager B X Progress

Add a new solution setup. <) Hide 0 Messages f| — Hide Progress ! January 16, 2017 34
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» Enter Minimum frequency = 540 MHz, Number of Modes = 3, Maximum Number
of Passes = 12, Max Delta Frequency / Pass = 2%, Minimum Passes = 4

Eigen Solution Setup Eigen Solution Setup @
General IDplionsI Advancedl Defaullsl Expression Eachel "General Options ]Advancedl Defaults] Expression Cachel
Setup Name: Setupl Initial Mesh Options
wi
¥ Enabled Lambda Target: |0.2 V' Use Default Value
Minimum Frequency: IS4D IMH z LI ™ Use Free Space Lambda
Number of Modes: 3 aidapiiveptions
Mazimum Refinement Per Pass: 0 %
Adaptive Solutions I~ Maximum Refinement: 1000000

M aximum Number of Passes: 12 Minimum Number of Passes:
Minimum Converged Passes:
Mazimum Delta Frequency Per Pass: 2 %

™ Converge on Real Frequency Only

114

Solution Options

Order of Basis Functions: First Order v ]
Use Defaults

HPC and Analysis Options... |

Use Defaults
Cancel | oK ] Cancel l
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n
[ ] I ,
1 O ] S ave rOJ e ct Proudly Operated by Battelle Since 1965

» Select File > Save and save project as “cavity tutorial.aedt”

A ANSYS Electronics Desktop - Projectl - HFSSDesignl - 3D Modeler - [Projectl - HFSSDesignl - Modeler]
5(File) Edit View Project Draw Modeler HFSS Tools Window Help
00O New Ctrl+N | S | ] B
= Open.. Ctrl+0 }-b H"V—Ll "m iw B E - ..
Open Examples... . & g ¥ M ks =
. AAAAAAANG
=l
[= R A Save &5
Save As... Save in: I . Tutorial j & cf v
Save &5 Technology File R
: = Name Date modified Type Size
Archive.., &}
RestoreArchivel paEsEe No items match your search,
Page Setup... -
Print Preview -
& print. Desktop
Import - ‘
’ _u:yJ Select file to preview
Export Libraries
1LDRD_spiral_axialratio_debug.aedt 5‘
i
m 2 LDRD_spiral_axialratio_debug2.aedt o
3 Final Phase2 Spiral for AP-S paper.aedf Computer
4 Cuming MT insertion loss.hfss
5 Cuming MT insertion loss.aedt
: Network
6 FAHFSS_projects\.. \ARC_absorbers.ae|
7 ARC_absorber_comparison.hfss
8 ARC_absorber_comparison.aedt
Exit
< | ([} i
File name: lcavnty_tutonal.aedt LI
Saveastype:  |ANSYS Electronics Desktop Project File [ aedt) ~| Cancel
V7
Save the active project 5] Hide 0 Messages l" Hide Progress !
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11: Perform Validation Check

» Select HFSS > Validation Check
» Confirms that required steps to solve model have been performed

A ANSYS Electronics Desktop - cavity_tutorial - HFSSDesign1 - 3D Modeler - [cavity_tutorial - HFSSDesign1 - Modeler] El@

% File Edit View Project Draw Modeler -HFSS Tools Window Help - ||&] %
DSH| L B(&| - | soutonType. B @ B <4 B R B
i2R.i8BDOOCE®= o nE Lt inE :

oo s & Validation Check... o VMM
SO PHBR AW R & | Az Al s
Project Manager ) Submitlob.s: E
=] cavity_tutorial - ,
- HFSSDesign1 (Eigenmode) g B | Edithotes. N
- - . . . . .
S D Companents Tooe Validation Check: cavity_tutorial - HFSSDesignl @
£-£ Boundaries 3D Model Editq
P cavity_walls Set Object Ter - -
9 Exciations | ocignseting : o/ Design Settings
=-B8 Mesh Operations HFS S DESIgI’ﬂ I 30 Model
BB cavity Model
&4 Analysis Boundaries «/ Boundaries and Excitations
& Setupt Excitations o MeshO .
 conetrs Mesnopento]  Validation Check completed, esh Uperaions
B Analysis Setup i ( Anal}'sis Selup

Definitions Y Optimetrics Ar . o
o Opimetics

Moo i} Value gl |2 " Radiation
Name Setupl Boundary Displ
Enabled v = -
Passes 12 Des!ﬂ" Propert
PercentR... 30 L Design Dataset
Min Freq 540 Ahort | Close
Modes 5 ek
< m )
2 0 30 60 (cm)

Message Manager B X Progress

Perform validation check on design setup.
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» Select HFSS > Analyze All

I\ 2NSYS Electronics Desktop - cavity_tutorial - HFSSDesignl - 3D Madeler - [cavity_tutorial - HFSSDesign1 - Modeler] IEI@
ile it View Project Draw Modeler ools indow Help - &%
% File Edit Vi Proj D Modeler | HFSS | Tools Wind Hel
DeH| BB |S|X D, Selution Type... B E
z : s 2 List.. " "
28 _ie00oc0Ce=onE 4y 5
e 2 e - o I & \Validation Check..,
i m i 7 @ 1 2 (ﬂl '!, Analyze All
Project Manager 1 x Submit Job...
= cavity_tutorial - B EditNotes..
(- g# HFSSDesign1 (Eigenmode)
2 é 3D Components Toolkit »
& Model z
-2 Boundaries 3D Model Editor
P cavity_walls Set Object Temperature...
/9 Excitations = Design Settings...
[=)-B8 Mesh Operations
B8 cavity Maodel »
B Analysis Boundaries » 7
£ setupt Excitations » 7 o
RO::Restncs i Mesh (?)perations > ..»_‘ |
% Field Overlays Analysis Setup 4 i |
) Definitions A Optimetrics Analysis 4 |
5 V.
Name | Value -~ Resuls " i |
Name Setupl Boundary Display (Solver View)
Enabled v = - 5
Passes 12 Design Properties...
Percent ... 30 4 Design Datasets...
Min Freq 540
Modes 5
< | [} 3
_HFss | 0 30 60 (cm)

Message Manager B X Progress

Simulate all optimetrics and solution setups. (5] Hide 0 Messages l ~ Hide Progress
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13: View Solution Data

Proudly Operated by Battelle Since 1965

» Select HFSS > Results> Solution Data

A ANSYS Electronics Desktop - cavity_tutorial - HFSSDesign1 - 3D Modeler - SOLVED - [cavity._tutorial - HFSSDesignl - Modeler]
W File Edit View Project Draw Modeler Tools  Window Help
b dE )| B8 & i Solution Type... 24RO B i
i2R.iBEBBOOG w8 st E B 5
= = o = & Validation Check...
BOBR WL ARMRIGH Y o 1D 6.
Submitob.. :
- cavity_tutorial* “lB editotes
- g HFSSDesign1 (Eigenmode)*
& 3D Components Toolkit
& Model
=29 Boundaries 3D Model Editor
P cavity_walls Set Object Temperature...
A2 Excitations = Design Settings...
[=-B8 Mesh Operations
B8 cavity Model
=4 Analysis Boundaries
£ setupt Excitations
Optimet
pHmetrics Mesh Operations
Results :
TG Field Overlays Analysis Setup
1. ] Definitions ad Optimetrics Analysis
= { T R Results Create Eigenmode Parameters Report »
Name Setupl | Boundsty Display (Solver View) Create Fields Report »
Enabled 2 = Create Report From File...
B 2 Design Properties... ]
asses B 5 Delete All Reports
Percent R... 30 CEETU
MinFreq 540 Report Templates »
Modes |5 | User Defined Solutions..
< 1 Create User Defined Solution »
_HFSs | Dataset Solutions... 30 60 (cm)
Message Manager Output Variables... B x
& cavity_tutorial (F:/HFSS_projects/ADMX/Tutorial/)
Link Output...
Update All Reports
Open All Reports
Create Document. »
Show the Solution Data dialog. SreatelQdickiReporty 4 Hide 1 Messages M — Hide Progress
Perform FFT on

Perform TOR on Report ..

Solution Data...
Tune Reports ..
Browse Solutions...
Clean Up Solutions...
Import Solutions..

Apply Solved Variation...

January 16, 2017
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Proudly Operated by Battelle Since 1965

13: View Solution Data

» Select Eigenmode Data tab to view modal frequencies and Q-factors
oo e |

e

7| Solutions: cavity_tutorial - HFSSDesignl

Ll I Lastadaptive j

Simulation: | Setupl

Design Variation: |cavity_height='1 00cm' cavity_rad="21cm’

Profile | Convergence Eigenmode Data I Mesh Statistics |

Solved Modes Export |

Eigenmode Frequency (GHz) | 0 |
TMg4o Mode1 0546418+ 4451702006  61371.8
TMyy, | |Mode2  0.566601+{5.31945e006 532574
TE 13 | |Mode3  0.514229+{4.32020e006 710879

Close l
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13: View Solution Data

» Select Convergence tab to view adaptive pass information
5| Solutions: cavity_tutorial - HFSSDesignl [E]@ 1

Simulation: | Setupl :_J

Design Variation: |cavity_height='1 00cm' cavity_rad="21cm’ _I ’ J

Profile  Convergence | Eigenmode Data I Mesh Statistics]

Number of Passes Pass Number ] Solved Elements | Max Delta Freq. %

Completed 4 1 2404 N/&
Maximum 12 2 3129 0.037594

| Minimum 4 | |18 3963 0.018768
Max Delta Freq. % 4 4559 0.0047705

Target 2
Current  0.0047705

Yiew: * Table " Plot

Export... l

CONVERGED

Consecutive Passes
Target 1
Current 3

Default Settings
Save Defaults Clear Defaults

Close
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» Select Profile tab to view run log file (21 sec runtime)

7| Solutions: cavity_tutorial - HFSSDesign1 E] @
Simulation: I Setupl z|

Design Variation: |cavity_height="100cm' cavity_rad="21cm’ __l ’J

Profile l Convergence | Eigenmode Data | Mesh Statistics |

-

Task | Real Time I CPU Time | Memory I Information -~
Field Recovery 00:00:00 00:00:03 254 M Disk = 3826 KBytes, 3 computed eigenmodes
Adaptive Pass 4 Eigenmode Solution
Mesh (volume, adapti... 00:00:01 00:00:02 388M 4559 tetrahedra
Simulation Setup 00:00:00 00:00:00 455 M Disk = 0 KBytes
Matrix Assembly 00:00:00 00:00:00 102 M Disk = 0 KBytes, 4559 tetrahedra
EigenSolver DCS8 00:00:02 00:00:13 290 M Disk =184 KBytes, matrix size 30744, matrix bandwidth &
Field Recovery 00:00:00 00:00:03 290 M Disk = 4334 KBytes, 3 computed eigenmodes

Adaptive Passes converged

Solution Process Elapsed time : 00:00:21 , Hfss ComEngine Memory : 55.6/
Total 00:00:12 00:01:00 Time: 01/06/2017 10:59:51, Status: Normal Completion 1
< 1 »

Export...

| Bet |
Close |
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14: View E-Field Phase Animation

Pacific Northwest

NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

» Select XZ and YZ planes in 3D modeler tree and select HFSS > Fields > Plot
Fields > E > Mag E

A ANSYS Electronics Desktop - cavity_tutorial - HFSSDesignl - 3D Modeler - SOLVED - [cavity_tutorial - HFSSDesign1 - Modeler]
% File Edit View Project Draw Modeler [HFSS] Tools Window Help

iDEH| L RB|8|X0 .

e ARG S T AS (HER — BeHN

PDHR L HE R
é @ HFSSDesign1 (Eigenmode)* -
2 é 3D Components
& Model
E-E9 Boundaries
P cavity_walls
A2 Excitations
[=)-B8 Mesh Operations
[} cavity
B4 Analysis
E }? Setupl
@ Optimetrics
Results
% Field Overlays
-] Definitions

m

Properties 1 x

Name | Value | Unit 1Evalualed\f

Name
Coordinate... Global
000 cm

Root point Ocm, Ocm , (

Normal

Solution Type...
List...

Validation Check...
Analyze All
Submit Job...

Edit Notes...

Toolkit

3D Model Editor
Set Object Temperature...
Design Settings...

Model

Boundaries
Excitations

Mesh Operations
Analysis Setup
Optimetrics Analysis
Fields

Results
Boundary Display (Solver View)

Design Properties...
Design Datasets...

< m | »

Plane |

Message Manager
#- B cavity_tutorial (F:/HFSS_projects/ADMX/Tutorial/)

(el

B, E£LB|0

m
B

a1 ol I i 4

>

4‘

Plot Fields
Plot Mesh...

Edit Sources...
SAR Setting...

Modify Plots...
Modify Plot Attributes...

Set Context To Active Window..,

Animate..,
Set Plot Defaults...

Open...
Save as...

Delete Plot...

Calculator...

V4
b
E Mag_E
H Complextag_E
J Wector E
Other

Radiation Field...

Named Expression...

Marker

T

4% Hide 1 Messages l — Hide Progress
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14: View E-Field Phase Animation

» Select Done to create plot of electric field magnitude

I\ BNSYS Electronics Desktop - cavity._tutorial - HFSSDesign1 - 3D Modeler - SOLVED - [cavity.tutorial - HFSSDesign1 - Modeler] o)==
B File Edit View Project Draw Modeler HFSS Tools Window Help _[[=][x

D@ 2B(|& X e, o AR o iBEesE (LB (DS
(2RI BO0CO®E SR iR | e & |~ v=§s@,§ﬁ,:;m
BIPRERELHRUANEEHD Y., 00009000 .

algg?fék; -l gyam/“a:é M- M M M M

Project Manager 2 x (e -
éBD Components - le ate Systems E Field [¥/m]
A2 Madel | 1 Planes
i N 2.4732E+006
Create Field Plot @ 2. 3B83E+006
2. 1434E+006
: = : 1.9785E+006
[~ Specify Name IMag_Ed Fields Calculator ... | 1. 813764006
1. G4BBE+006
™ Specify Folder  |E Field = Category: | Standard 1. 4839E+006
I s —’ i I anaar LI 1. 319PE+006
Design: HFSSDesignl Quantity In Volume ;:;g;gi:gzz
~ Context = 3. 2441E+005
g A |caviy 6. 5953E+005
Solution: ISetup1 : LastAdaptive L‘ Complextiag_E | |AlObjects 4. SYGEE+EES
x‘ecm;_TE 3. 2978E+005
ag_l 1. B491E+005
Field Type: IFie[ds LI 50"}P|9);4M39_H 2. 9691E+001
ector_|
TR ; A Mag_Jsurf 5
Intrinsic ¥ ariables : ComplexMag_Jsuf | =
[ Vector_Jsurf
Phase |0deg LI [ Mag_Jvol
ComplexMag_Jvol
Vector_Jvol
Vector_RealPaynting
Local_SAR B
Average_SAR
Save As Default I Surface_Loss_Density
Yohure Loss Densiy | = #x o
,—IDone PR ™ Streamline

5] Hide 0 Messages l ~ Hide Progress !
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14: View E-Field Phase Animation

Proudly Operated by Baffelle Since 1965

» Right-click on Mag_E1 plot to animate phasor field

AANSYSEIectronicsDesktop-cavily_tutorial-HFSSDesign1-3D Modeler - SOLVED - [cavity_tutorial - HFSSDesign1 - jdadalar] —1 - -
% File Edit View Project Draw Modeler HFSS Tools ‘Window Help Setup Animation @
DEH|sBR(&|X 2 o EEE .k
2R IDBDS0@®=E O 10| & |~ ol i Name: IAmmatlom Description:
 BOPRELHANAMEEY Y. 0008968000 . : 7 -
: : Swept Variable I Design Point I
& 3D Components « | -1z, Coordinate Systems E Field [¥/m]
& Model 4 Planes 2
& Boundaries Ne@ Lists ;:;gg::: Swept variable: ]Phase L]
D Excitations 2' D
BB Mesh Operations 1' p—
ﬂkna.lysss. 1.8137E+4
[ optimetrics | 1. B4BSE+ Start: IUdEQ
, ﬁ:??:';s | 1 1, 4839E+4
ield Overlays
1,3199E+4] i 17
=B E Field 1. 1542E+4 S I Odea
° .
e 9% 9. 8929E+4
7] Definitions Rename F2 3. 2441E+4] Sleps: |1?
X Delete Delete 6.5953E+0]
Properties Modify Plot 4. 9466E+H
odity Blots 3.2978E+4
Name I Value | Set Context To Active Window 1. 6491E+¢]
Name Mag_E1 . 2.9691E+4
Solution Setupl -... i
Phase 0 de: Animate..,
v Plot Visibility
Reassign
Select Assignment
FieldsPlotitem |
Message Manager B X Progress
Cancel |

151 Hide 0 Messages
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15: View E-Field Vector Animation

Proudly Operated by Baffelle Since 1965

» Select XZ and YZ planes in 3D modeler tree and select HFSS > Fields > Plot
Fields > E > Vector E

A ANSYS Electronics Desktop - cavity_tutorial - HFSSDesignl - 3D Modeler - SOLVED - [cavity_tutorial - HFSSDesignl - Modeler]

® File Edit View Project Draw Modeler HFSS Tools ‘Window Help [= &) %]
iD@H|*RR|&|X 0, o 0K e iESsR|oL|B.IOSBSEQ|RE 1 oL

2R .ie000s0e=son (0 o o S inmmmm imai @@ i, 4 M W W
BBPRLHQANRINIEEH Y 80080980 DO .

Project Manager rx

& 3D Components A lp. Coordinate Systems E Field [¥/n]
& Model 4 Planes » Pl
¥ Boundaries — M= Lists 2.4732E+006 Qi E;
P 2. 3D83IE+006 pii W
i xcitations
2. 1434E+006
B8 Mesh Operations ﬁ !‘v
5 sy 1. 9785E+006 hi! 3
Fo t_V y 1. B137E+006 i
; P '“I‘te rics = 1. B4B8E+D06 }!
Ty F‘els:os | 1. 4839E+006 Eg g
it ‘_’eh;aVs 1, 3190E+006 1
=B E)F'EM [ 1. 1542€+006 iv
G Mag_f 9, 8929E+005
Y vector_E1 8. 2441E+005 ;ﬂ l{
(-] Definitions -
6. 5953E+005 3 ﬁ
Prope! 2 x 4, J466E+EB5 b h
3. 2978E+005 3 I
Name I Value | Unit ' EvalualedValue| 1. 6491E+005 h h
. —
Name Vector_E1 2.9691E+001 = i {4
Solution Setupl ... I d
Phase 0 deg = ﬁ
ﬁ e
i E
i iz
{ -~
¥
3
Y

FieldsPlotltem |

Message Manager

I X Progress

60 (cm)
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How to Activate Mode of Interest for Field
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Plots and Calculations

» Select HFSS > Fields > Edit Sources

A ANSYS Electronics Desktop - cavity_tutorial - HFSSDesign1 - 3D Modeler - SOLVED - [cavity_tutorial - HFSSDesignl - Modeler]
5 File Edit View Project Draw Modeler [HFSS] Tools Window Help

DR B & = | SolutionType. B 0. BB |oL |B.iTEIE
‘9K _ie00s0e = oRE Lt SRR E R g [em fi.cea & b i i -E -
= Z Validation Check... o b = .
BABOR AN S & Validation Chec 16 0 Edit post process sources ==
¢ & Analyze All s 7
Project Manager R x Submitlobe. Spectral Fields
]
& 3D Components - &
&2 Model B EditNotes.. Source Type Magnitude Unit
£ Boundaries —~ Toolkit » 1 Eigentode_1 Eigen Mode
A Excitations 2 Ei .
B igentode_2 Eigen Mode 0 Joules
BB Mesh Operations 3D Model Editor 3 EerModas Ei Mod 0 Joul
ﬂ Analysis Set Object Temperature.., ik Men Woce ks
@) optimetrics = Design Settings...
[¥] Results
Ey-ﬁ Field Overlays Model ’
= E Field Boundaries » K
s .
oo Mag_E1 B Excitations » >
Lo Vector E1 3
- »
(23 Definitions 4| Mesh (.)perations
Analysis Setup b Eigenmode Excitation Type: ¢ Peak Electric Field & Stored Energy
Optimetrics Analysis » 5
Name | Value | Unit IEvaIuatedVaIue| Fields » Plot Fields »
Name Vector_E1
- Results »
Solution Setupl :... Plot Mesh...
Phase 180 deg Boundary Display (Solver View) TSt |
Design Properties... SAR Setting...
Design Datasets... 4 .
‘m  Modify Plots... A Savetofile ... | Load From File ... |
W Modify Plot Attributes...
[
Set Context To Active Window.., oK l Cancel | Aoply Help
J> Animate.. 1 -
FieldsPlotitem |
S%  SetPlot Defaults... 30 60 (cm)
#-[0] cavity_tutorial (F:/HFSS_projects/ADMX/Tutorial/) & Open..
23 Save as...
Xa  Delete Plot...
St Calculator..,

de 1 Messages @ = Hide Progress
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16: Calculate Form Factor

» Open field calculator using HFSS > Fields > Calculator

I\ ANSYS Electronics Desktop - cavity. tutorial - HFSSDesigni - 3D Modeler - SOLVED - [cavity_tutorial - HFSSDesignl - Modeler] % Fields Calculator

5 File Edit View Project Draw Modeler -HFSS Tools  Window Help -~ Named Expressions Context: HFSSDesign

N | 4 EB2E ‘é ‘ P Solution Type... ]]m Bl _: Z LB ‘p’ ) Name | - Solution: Setupl : Lastddaptive v ||
£ ST B N T VA (@ el N List AR EHE N Mag E MaolAtPhase Delete Field Type:  |Fields ~
= S - # ‘Walidation Check... Mag_H Magl&tPhase(S
BODR WA RN g 1y 1D @ . Mag_dvol MagiAtPhase( | Cleardll | || Phase Odeg ~
Project Manager fx SubmitJob.. Mag_Jsurf Mag(AtPhase(<
B cavity_tutorial* - B EditNot v
- " i * B it Notes... ] P p—— »
= $ HFSSDesign1 (Eigenmode) |
é 3D Components Toolkit 4
& Model Add ... l Copy to stack I
(£ Boundaries SDiktodelEditor A Librar: LoadF ’ SaveT | Change Variable Values...
A2 Excitations E Set Object Temperature.., > iDrary: 900 Lo SYe 10
E5-880 Mesh Operakions Design Settings.. e Sl 0.138539961037802 -
S Analysis i Scl: Integrate[Volume(cavity), 1)
. optimetrics Model 4 Scl: 225741973236.581
i . : Scl: Integrate[Volume(cavity), *(Complextdag_E, Complextag_E))
Resuls g |Boundanes 5 ¢ Scl: -1.18070125088102
=} h Field Overlays Excitations » = Scl: Integrate[Volume(cavity), Imag(ScalaiZ(<Ex Ey.Ez>)))
K E Field , = Scl: -147122.81128389
% Mesh Operations % Scl: Integrate[Volume(cavity), Real(ScalarZ(<Ex Ey.E2>)))
Y ’ B ' ”
Properties X : i : B
Qptmetricaanalysiy 4 Psh | Poo | AP | ADn | Exch | Cea | undo |
Name |Va|ue| Unit | Evaluate Fields » Plot Fields »
- Input General Scalar Vector Output
cavity_rad 21 cm 21em Results »
cavity_height 100 em  100em Plot Mesh... Quantity ¥ | + | v v [sean v vale |
Boundary Display (Solver View) Edit Sources... Geometry... | I 1/ | Matl.. | Eval I
Design Properties... SAR Setting... Constant ¥ % Pow Mag Write...
| Design Datasets... T Modify Plots.. Number... / J_ Dot Export...
: - +
Mo Modify Plot Attributes... Function... | Neg I Trig ¥ | Cross |
Set Context To Active Window... Geom Setings.. | abs | d * | Diva__|
Q |FTT——— N B i Read... | Smooth S Curl
Variables | g Uutput ¢ Complex ¥ Min ¥ Tangent
& SetPlot Defaults.. Domain I Max ¥ | Normal |
Message Manager o =
%[ cavity_tutarial (F-/HFSS_projects/ADMX/Tutarial/) &7 | Open.. V| univee ¥ |
&3 Saveas. Ln XFom ¥ |
7,‘_ Delete Plot... L‘
f: Calculator...

ST
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16: Calculate Form Factor

» Calculate integral of real(E,)

Quantity > E

Scal? > ScalarZ

Complex > Real

Geometry > Volume > cavity
Integrate, Eval

» Calculate integral of imag(E,)

Quantity > E

Scal? > ScalarZ

Complex > Imag

Geometry > Volume > cavity
Integrate, Eval

» Calculate integral of |E|?

Copy ComplexMag_E to stack
Push

Multiply (*)

Geometry > Volume > cavity
Integrate, Eval

» Calculate cavity volume
B Number -> 1
B Geometry > Volume > cavity
B Integrate, Eval
» Form factor = (147123%+1.18072) /
(0.1385%225741973237) = 0.692

5 o2
( [dV.E. -
Cg = .
V f dV. | E. |?
# | Fields Calculator
-Named Expressions-
Name l Expression I

Surface_Force_Density  <SurfaceForceDensityx SurfaceForceDensityy, SurfaceForceDensityz>

Ez Abs{Integratel¥olume(Cylinder1), Real(ScalarZ(<Ex Ey.Ez>])))
Etot Integrate(Volume(Cylinder1), *(Complextag_E, Complextag_E))
W IntegrateVolume[Cylinder1), 1)

Form_Factor /[*[Ez. E2), *[Etot, V)
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» Good agreement between simulated and analytical results

Quantity Calculation | Simulation % Difference
Frequency 546.42 MHz | 546.42 MHz 0.00%
Unloaded Q-factor 61,391 61,372 0.03%
Form Factor 0.692 0.692 0.00%

Q0= [[2//2[2)/
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Dipole Antenna Example
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» Insert into Electronics Desktop using Project > Insert HFSS Design

I\ ANSYS Electronics Desktop - Projectl E]@
File Edit View |Project| Tools Window Help

‘D | & Insert HFSS Design ~| = o) M

TN s @ Insert HFSS 3D Layout Design

L @ Insert HFSS-IE Design

B @ @ Insert Q3D Extractor Design =

W& Insert 2D Extractor Design
m *8  Insert Circuit Design

L4 Insert Circuit Netlist

G4 Insert Maxwell 3D Design
Bl Insert Maxwell 2D Design
& Insert RMxprt Design

|f|/:l Insert Maxwell Circuit Design
lif#e Insert Simplorer Design
A% InsertFilter Design ...

Insert Documentation File...

¥ Llaunch Savant...
&7 Launch EMIT...

_ o
Properties =
Submit Job...

R Project Variables...
Datasets..,
Event Callbacks...
< n »
Variables [
Message Manager R X Progress

Insert HFSS design [ Hide 0 Messages l"' Hide Progress ! January 16, 2017 52
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2: Set Driven Modal Solution Type

Proudly Operated by Battelle Since 1965

» Select HFSS > Solution Type > Modal

I\ ANSYS Electronics Desktop - Prajectl - HFSSDesign1 - 3D Madeler - [Projectl - HFSSDesign1 - Modeler] oo ==
%1 File Edit View Project Draw Modeler -HFSS Tools  indow Help HEB

DeEPER@PaE | souwonmye. A% o essB|PL |8 OSSSESQ|@F F oo
(2R _.iB0Do0CO= o RNE Lt IammaE [ e oSG BB .
e e = & Validation Check.. ae z f
 BADB- ML R R 0 1D, Solution Type: Projectl - HFSSDesignl (23]
Project Manager 1 x Submit Job...
= Project1* Edit N
(- @ HFSSDesign1 (DrivenModal) B fdron - Solution Types
(2 Definitions Toolkit
3D Model Editor * Modal
Set Object Temperature...
Design Settings... C Terminal
Model " Transient
Boundaries
Excitations " Eigenmode
Hybrid

Properties 1 x

Name |Value| Unit IEvaIuati

Mesh Operations
Analysis Setup
Optimetrics Analysis
Fields

Radiation

Results

Boundary Display (Solver View)

Design Properties...
Design Datasets...

< 1 »
Variables |

Message Manager

Select solution type.

2 X Progress

IS

Driven Options

& Network Analysis

" Composite Excitation

[ Auto-Open Region

™ Save as default

o]

Cancel

(5] Hide 0 Messages

~ Hide Progress
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» Select Modeler > Units > cm

A ANSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesignl - Modeler]
% File Edit View Project Draw [Modeler] HFSS Tools Window Help

DEd|fER[&[%] meor. B% 0 ESSR|oL (B IOCES
¥R .ieBDsOS| v S inm s i m A e DD
BODBM LA W  SrocChimtink 189D 0.
EProjectl* s B
@HFSSDesignl {DrivenModal) Vil (CroupObjects By Mterial
&3 Definitions v Group Components By Definition
&/ Assign Material...
(3 N
Movement Mode 4 B
o Set Model Units @
rid Plane >
Snap Mode..,
PG ' Select urits: [T~ |
Coordinate System >
List ° I~ Rescale to new units

— Surface 4
Name IVaIueI Unit | 0K | Cancel |
1 Boolean »

Units...

Measure »

Generate History
Delete Last Operation
Purge History
Upgrade Version

< |

Variables | @ | Fillet 0 1 2 (mm)

{ 1 Chamfer
Message Manager
Model Analysis >
Model Preparation >

Walidation Settings

R X Progress

Set model units (<] Hide 0 Messages @ — Hide Progiess January 16, 2017 54
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4: Set Dialog Data Entry Mode

» Select Tools > Options > General Options > 3D Modeler > Drawing > Dialog

I\ ANSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesignl - Modeler]
5 File Edit View Project Draw Modeler HFSS Window  Help

0 @u| ¥ B3 E|§ X < cx _i|iocal Edit Libraries > E _¢@1]@ |ﬁ © ] - _{“’73 : : _
R L RN LS
5 g Project Tools > Options
GBBRE L AN RIS P e
Project Manager s funiSeript General - ~Drawing Data Entry Mode
=] Project1™ Pause Script 2D Extractor E & kg
+)- & HFSSDesign1 (DrivenModal) Record Script To File... Circuit Design
{2 Definitions Record Script to Project... Circuit MetList Design Use F3{F4 to switch between point and dialog entry mode
HFSS
Open Command Window
2 HFS5 3D Layout Relative Coordinate System Creation Mode
HFS5-1E

Password Manager... Maxwell 2D & pxisfPosition " Euler angle

Options » General Options... Maxwell 3D Use F3{F4 to switch between axisfposition and Euler angle creation mode

Keyboard Shortcuts... 1% HPC and Analysis Options... Q3b £ 3

it | RMxprt [~ Polyline Creation

Export Options Files... Simplorer
External Tools... 5 3D Modeler v Automatically cover closed polylines
[  Show Queued Simulations
Operation [V Show measure dialog during drawin
Properties i JE  Edit Active Analysis Configuration... Snap =l g g
e |Value| T l T Tgiort Array Fom Table.. O Display [ Edit properties of new primitives
General
Job Management » Rendering [ 3
R g History Tree

Calibration Wizard SpaceClaim Link

Layout Links... Advanced

Network Data Explorer Layout Editor

PEmag... @ Marhines .

OK I Cancel
= J ! [
Variables | 0 1 2 (mm)

Message Manager R X Progress

Set general options

[ Hide O Messages |t Frogiess N January 16, 2017 55
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5: Set Default Transparency of 0.7

» Select Tools > Options > General Options > Display > Rendering

I\ ANSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesignl - Modeler]

Modeler HFSS Window  Help

1 File

Edit View Project Draw

‘D | BB |§ b§ L) (] Local Edit Libraries » E “Z B |ﬁ © ] -
e BeRONpI S Ol ER O  lbreryTeok ' mER imelh @@
5 P PR g Project Tools >
 BOPB-EEHAM UG G
Project Manager s funiSeript
= Project1* Pause Script F —
@ HFSSDesign1 (DrivenModal) Record Script To File... (HEE @
(L Definitions Record Script to Project... General A Rendering Defaults
_ 2D Extractor F
Open Command Window Circuit Design Default calor: Object ~|
Circuit NetList Design
Password Manager... HFSS Default view render mode: SmoothShade v
5 | B HFSS 3D Layout
Options % General Options... HESS-IE Default transparency:
Keyboard Shortcuts.., | 1% HPC and &nalysis Options... =
Y | = ¥ P! Maxwell 2D } [F
Customize.., | ; : Maxwell 3D
Export Options Files... Q3 L Opaque Transparent
External Tools... E
RMxprt
: 3 i Object ¥isualization
[  Show Queued Simulations Simplorer ) %
i 5 % 1 : = 3D Modeler Outline contrast:
Properties i JE  Edit Active Analysis Configuration... Drawing 5
Operation i 0.5
N, Val Unit | Evaluat
ame | auel ni l valuate Import Array from Table... Snap sy Maioe
Job Management » £ Display
General
Calibration \Wizard g
i t Link History Tree
aYOUs CInks SpaceClaim Link.
Network Data Explorer Advanced
PEmag... Layout Editor
@ Marhines >
o » ,7
Variables | 0 1 2 (mm)

Message Manager

Set general options

R X Progress

(5] Hide 0 Messages l ~ Hide Progress !
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6: Create Parameterized Antenna

» Select Draw > Cylinder

A ANSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesignl - Modeler]
B File Edit View Project [Draw | Modeler HFSS Tools Window Help

DSH| bR Line D% e BESsR|OL |8,
1217 G (1 (1) o w ke | fmmEmam etk iE@ ik
Arc >
: + g g
B D DR R cion e cune IBOEOB8D0 .
Project Manager 2
= Project1* O Rectangle 4
(- HFSSDesign1 (Drivenf <=  Ellipse
(L) Definitions O Circle
{  Regular Palygon
r_“i Equation Based Surface
© Box
B Cylinder
@ RegularPolyhedron
4\ Cone
O Sphere
@ Torus
3  Spi
Name |Velue O |
Bondwire
Sweep »
User Defined Primitive »
User Defined Model >
3D Component Library >
47 Plane
o Point
——— [ .
Variables Line Segment > 0 1 2 (mm)

Message Manager 0 Region B X Progress

Add a gylinder to the model 7] Hide 0 Messages @ = Hide Progress

4 January 16, 2017 57



o

Pacific Northwest
NATIONAL LABORATORY

6: Create Parameterized Antenna

Add Variable (==
» port_length =0.1 cm Nere e
- Unit Type lLength El
» arm_rad = 0.1 cm i fem =
Value 0.1
» arm_length = 1.5 cm
Type I Local Variable ;[ Add Variable @
( A Name  |am_rad
CreateCylind Concel_|
A R @ UnitTypelLength LI
Command | Attibute | it [om B
Name I Value I Unit |Evaluated\/alue| : Vae 01
Command  CreateCylinder
Coordinate... Global
Type lLocaI Yariable Ll
Center Po... Ocm Ocm port_length/2 Ocm , Ocm , 0.0...
Auis z Corcel_|
Radius arm_rad 01cm
Height arm_length 1.5cm :
Number of... 0 0 e
Name Iarm_length
Unit Type ILength ~|
Unit Icm LI
Value 15
cous_|
Type I Local Variable LI

Cancel |
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6: Create Parameterized Antenna

» Select Cylinder1 in 3D modeler tree and Edit > Duplicate > Around Axis
» Axis = y-axis, Angle = 180 degrees, Total number = 2

I\ BNSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesign1 - Modeler] ol -a-)==-
R File View Project Draw Modeler HFSS Tools Window Help ) = || &) %
: [ & X2 Undo CreateCylinder Ctrl+Z LI]B o = B = E
L9 W * Redo Ctrl+Y B |m|m e EE s s 5 e
. 4 ' .
e - N A8 0880S .
Copy Ctrl+C -
E Past Ctlay | 4
SE P x DaT: Dyl+t 5 v [ ]
elete elete 7 . .
P SR CiinderL iy Duplicate Around Axis @
@ Rename F2 - CreateCylinder
Coordinate Systems .
Copy Image Planes Axis: o ® « 4 - z
Delete Start Point Lists
Delete End Point Angle: |180 'l ldeg 'l
Select All Visible Ctrl+& 5
Total number: |2 =
Select All - ]
olo  Invert Selection
Select ’ Attach To Original Object: |
Y Select by Area Filter.., ‘ : i S
Deselect All CtrlsShifted, NOTE: When ‘Attach to Original Object’ is selected,
faceledge assignments (e.q. boundaries/excitations)
il Go to History lon duplicates will be lost, to ensure model
:'al‘e”la' ATTER 5 \consistency, when 'Total Number' is edited.
olve In:
o Duplicate » | g AlongLine
Orientati
Model Scale 82 Around Axis Cancel |
Display Properties... A Mirror
ol |
Color |
Transparent 0.7
e L — : [ .
Attibute | 0 1 2 (cm)

Message Manager [ X Progress

Copy the selection multiple times, rotating around an axis 71 Hide 0 Messages § = Hide Progress 8 January 1 6 201 7 59
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7: Assign Material to Antenna

Proudly Operated by Battelle Since 1965

» Select Cylinder1 and Cylinder1_1 in 3D modeler tree
» Select Modeler > Assign Material

A ANSYS Electronics Desktop - Projectl - HFSSDesignl - 3D Modeler - [Projectl - HFSSDesignl - Modeler]
W File Edit View Project Draw [Modeler] HFSS Tools Window Help

DSH| B@®|&|X
(9K .08 BOL0OG
BLoBBRELHAM

Project Manager
= Project1* 7
& HFSSDesign1 (DrivenModaly
v

-[Z]) Definitions

Name | Valu
Name
Material “vacuum™
Solve Inside v
Orientation Global
Model v
Display Wireframe [
Color
Transparent 0.7
L ——— T————|
Attribute I— a

a
Message Manager

Import...
Export...

SpaceClaim Link
Import From Clipboard

Group Objects By Material

Group Components By Definition
Assign Material...

Movement Mode
Grid Plane

Snap Mode...
New Object Type

Coordinate System
List

Edge

Surface

Boolean

Units...

Measure

Generate History
Delete Last Operation
Purge History
Upgrade Version
Fillet

Chamfer

Model Analysis

Model Preparation
Walidation Settings

=@ 5

R X Progress

Assign material

0. E2SR|oL |B.iMSESTSQ|@ i i 1 T
~ ). EhuRAREACOA S Sminsiale . EeTE Ealacii] B -
006 .

2
. .
1 2 (cm)

(] Hide 0 Messages l ~ Hide Progress !
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7: Assign Material to Antenna

» Enter “copper” in Search field of Materials Database and press OK

Select Definition =
Materials I Material Filters

[~ Search P.

| Search by Name Search Criteria Libraries ¥ Show Project definitions |~ Show all libraries

| @ by Name " by Property

| Icopper [sys] RM=prt

| Relative Permittivity LI

7/ Name Location Origin Hela.li_v? Helativ_e_ 4
g Permittivity Permeability Conc

cast_iron SysLibrary Materials 1 B0 1500000sien

: chromium SysLibrary Materials 1 1 7SUUUUUsien‘7l
cobalt S yslerary Materials 1 10000000sie

m
corming_glass SysLibrary Materials

| cyanate_ester SysLibrary Materials 38 1 1]

| diamond SysLibrary Materials 165 1 1]

| diamond_hi_pres SysLibrary Materials 57 1 o

| diamond_pl_cvd SysLibrary Materials 35 1 0

Bl Dupont Type 100 HN Film (tm) SysLibrary Materials 35 1 0

| Duroid [tm) SysLibrary Materials 22 1 1] 8

< m ] »
View/Edit Materials... Add Material... Clone Material(s) Remove Material(s) I Export to Library... |
oK | Cancel Help |
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» Select Draw > Rectangle

e ™
I\ CreateRectangle @
l\ ANSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesignl - Modeler]
W File Edit View Project [Draw| Modeler HFSS Tools Window Help E
S wia toy  Command | Attibute |
Line A% 0. By :
2 [[Spline I | | Name | Value | Unit | Evaluated Valuel
Arc »
& | Equation Based Curve 188808906, Command  CreateRectangle
Project Manager .
5 G Project1” O Rectangle Coordinate... Global
@ HFSSDesign1 (Drivenf <= Ellipse o
5.2 Defintions @ i ey Position Ocm ,-arm_rad ,-port_length/2 Ocm,-0.1cm, -..
b Regular Polygon Fystems Bwis ®
4  Equation Based Surface . "
Width 2*arm_rad 0.2cm
© Box -
B Cylinder Lenath port_length 0.1cm
@ Regular Polyhedron
4 Cone
O Sphere
@ Torus
@  Spiral
Bonduvire
Sweep >
User Defined Primitive 4 OK I Cancel |
User Defined Model »
3D Component Library >
2 Plane / ’ j
o Point O
: (|
Line Segment » 6 1 2 (cm)

Message Manager @ Region I X Progress
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8: Create Port

Proudly Operated by Battelle Since 1965

» Select Rectangle1 in 3D modeler tree and then HFSS > Excitations >
Assign > Lumped Port

l\ ANSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesignl - Modeler]

% File Edit View Project Draw Modeler [HFSS] Tools Window Help [= &) %]
DD"E"E‘Q‘XD A Solution Type... ]]@]7,‘. Q] &@]@‘p«“ _={n~73333®\|&n ; : :
igR. 0B Pos0OEesonE i JRBmEmE oo (@@ teEdm i i ociocEotE v
= e & \Validation Check... ]
BBV AW DO .
Project Manager 3 x Submit Job... 2
= 1 Project1* B EditNotes..
@ HFSSDesign1 {(DrivenModal)*
@) Definitions Toolkit > <:>
3D Model Editor
Set Object Temperature...
Design Settings...
Model >
Boundaries >
Excitations Assign Wave Port...
Hybrid Auto Assign Terminals Lumped Port...
Mesh Operations Set Default Base Name Floquet Port...
Properties 1 x
Analysis Setup Edit Port Impedance Multiplier Terminal...
Name I Value | Optimetrics Analysis Listses Incident Wave 4
Name Rectanglel Fields Reassign... Linked Field »
Orientation Global Radiation Delete All Voltage...
Mode! 2 Results Visualization... Current...
Display Wireframe [~ R v e
Color || Boundary Display (Solver Wiew) L agnetic Blas..
Differential Pairs
Transparent 07 Do i
AN EIOPETUES s Set Terminal Renormalizing Impedances...
Design Datasets...
Showr Nets...
N — ! (|
Attibute | 0 1 2 (cm)

Message Manager

Assign a Lumped Port Excitation

I X Progress

151 Hide 0 Messages
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8: Create Port

» Name Port P1
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» Draw integration line along center of port between antenna arms
» Enter 73 Ohms for renormalization impedance

Lumped Port: General Lumped Port: Modes Lumped Port : Post Processing
Namo: lm— Number of Modes: |1
: B - Port Renormalization
Mode | Integration Line Characteristic Impedance (Zo) © DoMNot Renomalize
1 Defined Zpi )

~Full Port Impedance ' Renomalize All Modes
| Full Port Impedance: 73 ohm v,
| Resistance: ]50 Iohrn _v_] I _I
| Reactance: ]U Iohm L’

Deembed Settings

[~ Deembed

Use Defaults
Use Defaults
Cancel < Back I Next> | Cancel < Back Finish Cancel
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» Should have port assignment as shown below

A ANSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesignl - Modeler]
% File Edit View Project Draw Modeler HFSS Tools Window Help

DD’"E| BB |E| X oo ocal @ e |m
IR I B A O TR =S N B - | PR | ET) i mE R
GoPE-EELHANRINIKER V. 00806000 O .

Project Manager LY £ 7 Solids =
=} @ HFSSDesign1 {DrivenModal)* - -4 copper
é 3D Components i &7 Cylinderl
&P Model @-€7 Cylinderl 1
£ Boundaries -3 Sheets
=2 Excitations 3 Lumped Port:
- P1 lz. Coordinate Systerns
- 5 Hybrid Regions B #-42 Planes
B8 Mesh Operations @ Lists
ﬂ Analysis
(@ optimetrics
- Results 3
Port Field Display
lh Field Overlays -
Properties 1 x
Name | Value
Name P1
Type Lumped Port

Resistance 50

Reactance 0

Num Modes 1
Deembed [~
Renorm All... v

Renorm Im... 73

Ce——— ! [ |

_HFss | 0 0.15 0.3 (cm)

Message Manager B X Progress

(5] Hide 0 Messages M — Hide Progress S January 16, 2017 65
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» Select HFSS > Model > Create Open Region
» Enter Operating Frequency = 5 GHz and Radiation Boundary

I\ 2NSYS Electronics Desktop - Project] - HFSSDesignl - 3D Modeler - [Project] - HFSSDesignl - Modeler] [folfa ==
% File Edit View Project Draw Modeler [HFSS) Tools Window Hel RS
) P I
Dz H | B2 R |§ ‘ 2 L) e Solution Type... i M M
: 2 List... "
(98 .i8BDLOG w8 U R K N
% e - a Validation Check...
GBDRELAAERIGN L :
Project Manager 2 x S 5 Create Open Region [i:&]
E} @ rfSSDesignl {DrivenModal)* - }@ Edit Notes... C> )
g 3D Components = r Heglon
& Model Toolkit 4
£ Boundaries | 0 . |
; erating Frequency: |5 v 2
=2 Excitations 3D Model Editor kil P! g Freqt i I _I lGHZ _I
2 P1 Set Object Temperature... S = R
&P Hybrid Regions 3 Desi JS 5 : Fla ™ Apply infinite ground plane at  |NeaZ ~| direction
esign Settings...
@8 Mesh Operations
P nalysis Model > Create Array ...
@ Optimetrics Boundaries » - Boundary
Results B i R Create Open Region ... |
XCitations . o =
Il Port Field Display Cihaa R Update Open Region Padding... % Radiation
lh Field Overlays ~ o
Mesh Operations » el j
Properties 1 x 'P FE-BI
Analysis Setup L
Optimetrics Analysis »  PML
Fields »
Radiation >
el . 7 Save as default
esults
Boundary Display (Solver View)
Cancel
Design Properties...
Design Datasets..,
0 05 1(cm)

Message Manager B X Progress

Number of strands (number of wires per conductor), 0 for auto-design
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» Should have radiation boundary and far-field setups as shown below

I\ ANSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesignl - Modeler] o8- )=
5 File Edit View Project Draw Modeler HFSS Tools Window Help [=][&]x
IDSHE| BB (8| X 2 iea B e iESSR (gL |B_iONTES M- W M
iR 00D 0CeEOR 11| o & | o Sl imEEEE (el Pl @ PRl DF R IR TR
BODPRELHANAMEYY . 000898020 .

Project Manager =47 Solids 2

& 3D Components A -4 copper

& Model €7 Cylinderl
=-E% Boundaries — ; €7 Cylinderl_1
9 Opent -4 vacuum

-89 Excitations
ﬁ Hybrid Regions
B8 Mesh Operations
ﬂ Analysis
[ optimetrics
Results
- Port Field Display
'E Field Overlays
[ Radiation
iy 3D
s Azimuth
- Elevation
Definitions s

=-€7 RadiatingSurface
L ) CreateRegion

=3 Sheets

-3 Lumped Port

@2, Coordinate Systems

-4 Planes

w2 Lists

m

Properties

Message Manager R X Progress

Nothing is selected (5] Hide 0 Messages @ = Hide Progress
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10: Add Solution Setup
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» Select HFSS > Analysis Setup > Add Solution Setup

A ANSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesignl - Modeler]
% File Edit View Project Draw Modeler [HFSS] Tools Window Help

iDed

bR |Xa e,

Solution Type...

(FENAN I

ESSR|PL(B.iIOSSS

)
©

2R o000 EoRE Lt iR EE oo R R R MWW W
. g & \Validation Check.., - -
z@*‘@m&i*{‘sﬂ@!ﬂﬁlfﬁ[hg i

Project Manager a x

Analyze All

Submit Job...
= & Project1 B EditNotes.
=] @ HFSSDesign1 (DrivenModal)*
: é 3D Components Toolkit

& Model
#-E% Boundaries
[+ Excitations
5 Hybrid Regions
.88 Mesh Operations

ﬁ Field Overlays
- Radiation

-] Definitions Analysis Setup £ Add Solution Setup...
Optimetrics Analysis ~ Add Frequency Sweep...
Fields List...
Properties a x S
fadiatn Revert to Initial Mesh
Results

3D Model Editor
Set Object Temperature..,
Design Settings...

S fnalysis Rodel
@ Optimetrics Boundaries
Result.s ) Excitations

[ Port Field Display Hybrid

Mesh Operations

Boundary Display (Solver View)

Design Properties...
Design Datasets...

Apply Mesh Operations

Clear Linked Data

Message Manager

Add a new solution setup.

R X Progress

=]

2 4 (cm)

5] Hide 0 Messages

~ Hide Progress
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10: Add Solution Setup
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» Solution Frequency = 5 GHz, Maximum Passes = 12, Minimum

» Select lterative Solver

Driven Solution Setup

Setup Name:

[V Enabled

General I Uplions] Advancedl Expression Cache] Delivatives] Defaults]

ISelup1

[ Solve Ports Only

Solution Frequency: |5

|GHz |

[~ Adaptive Solutions

Maximum Number of Passes:
& Marimum Delta S

" Use Matrix Convergence

—

0.02

Use Defaults

HPC and &nalysis Options... '

Cancel I

Passes =4

Driven Solution Setup

"General Options !Advancedl Expression Cache] Derivatives] Defaultsl

1 Initial Mesh Options
¥ Do Lambda Refinement
Lambda Target: |0.3333 V' Use Default Value

™ Use Free Space Lambda

— Adaptive Options

—
4
1

Maximum Refinement Per Pass:

N

[~ Maximum Refinement:

Minimumn Number of Passes:

—
—

Minimum Converged Passes:

[~ Solution Options

Order of Basis Functions:

First Order v ]

" Direct Solver

1e-006

Relative Residual:

" Domain Decomposition

0.0001
Use Defaults

o]

Cancel |
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11: Add Frequency Sweep
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» Select Setup1 in Project Manager and then HFSS > Analysis Setup > Add

>

Frequency Sweep

Interpolating sweep, Start = 3 GHz, End = 7 GHz, Step size = 0.01 GHz

I\ 2NSYSElectronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesign1 - Modeler]

i File

BDDR R R 6
Project Manager a x
B Project1*®
(=)@ HFSSDesign1 (DrivenModal)*

& 3D Components

& Model
¥ Boundaries
D Excitations

5 Hybrid Regions

B8 Mesh Operations
- Analysis

SEm

@ Optimetrics
Results
'ort Field Display

ﬁ Field Overlays
? Radiation
[-(_] Definitions

Properties 1 x
Name | Value -
Name Setupl ‘E ‘
Enabled v
Passes 12

PercentR... 30

& \Validation Check...

Q5 Analyze All
Submit Job...

B  Edit Notes...

Toolkit

3D Model Editor
Set Object Temperature...
Design Settings...

Model

Boundaries
Excitations

Hybrid

Mesh Operations
Analysis Setup
Optimetrics Analysis
Fields

Radiation

Results
Boundary Display (Solver View)

Design Properties..,
Design Datasets...

Edit View Project Draw Modeler Tools  Window Help
5 z = ¥ z ~ B T
DSH|!BR|S| X2, Solution Type... Bk |0 BE£$B (e |B.iNTS ]
List... . -
N

ig® ieBPo0e=onE

v v vy v v v v v

(= ol 5|

- |8 %

i mEEE

D .

£ Add Solution Setup...
\~  Add Frequency Sweep...
List...
Revert to Initial Mesh

Apply Mesh Operations

Clear Linked Data

N

Message Manager

Add a new frequency sweep to this setup.

R X Progress

Edit Frequency Sweep

General I Interpolation | Defaults |

==

Sweep Name: ISweep [V Enabled
Sweep Type: |Interpolating LI
Frequency Sweeps [401 points defined]
Distribution Start End
[l Linear Step 3GHz 7GHz Step size 0.01GHz
Add Above [ Add Below I Delete S r | Preview ... |
Time Domain Calculation... |
Cancel

5] Hide 0 Messages.

— Hide Progress
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» Select File > Save and save project as “dipole_tutorial.aedt”

A ANSYS Electronics Desktop - Projectl - HFSSDesign1 - 3D Modeler - [Projectl - HFSSDesignl - Modeler]
#(File] Edit View Project Draw Modeler HFSS Tools Window Help

‘0D New Culn A% 0. E£SR|PL|B.IONSSSEQ|E
o~ z : :
iq @ Open. 0wl |0 i mE R e @@ gt P oTEoTEotE
Open Examples... . X =
o BB .
2
5 E EH save Ctrl+S ber /*\
Save As... Cylinderl
Save &5 Technology File Lylinderl_1 A Save As
Jum : - 8
f Savein: Tutorial (o] ¢ [y
Archive... fadiatingSu I ) Tuonal = j @ ¥
Restore Archive... 0 CreateRe 153 Name Date modified Type Size
-~
Page Setup... ed Port Rec;:r;Iaces . cavity_tutorial.aedtresults 1/6/2017 12:11 PM File folder
: ’ s I\ cavity_tutorial.aedt 1/6/2017 1103 AM  Ansoft Electronics... E
Print Preview ate Systems| -
& Print.. Ctrl+pP s
Desktop
Import > =770
Export > u‘;yj Select file to preview
Libraries
1FAHFSS_projectsh.. \cavity_tutorial.aedt '\L
2 LDRD_spiral_axialratio_debug.aedt bt
3 LDRD_spiral_axialratio_debug?2.aedt Cor:\:tner
M 4 Final Phase2 Spiral for AP-S paper.aedt Q_H‘
5 Cuming MT insertion loss.hfss Network
N 6 Cuming MT insertion loss.aedt
3 7 FAHFSS_projects\..\ARC_absorbers.aedt
[ 8 ARC_absorber_comparison.hfss
Pe  Exit
< | n B8R0
I File name: Idipole_lulorial j
Message Manager Save as type: IANSYS Electronics Desktop Project File (*.aedt) Ll Cancel
4
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13: Perform Validation Check

» Select HFSS > Validation Check
» Confirms that required steps to solve model have been performed

I\ ANSYS Electronics Desktop - dipole_tutorial - HFSSDesign1 - 3D Modeler - [dipale_tutorial - HFSSDesign1 - Modeler] ol e =
5 File Edit View Project Draw Modeler | HFSS | Tools Window Help -~ -
D@H| BB | & (X0, Solution Type... |B@ | @ | Validation Check: cavity_tutorial - HFSSDesignl (=3
E"@k?;éaeﬁ]aD@;c&“““‘ imEE S
' # ‘Validation Check... esign Settings
4 % EHEE 0 q
BBBRELHAWRIGN Y o D6 . o HFsSDesignt D Model
P'° Manager kel submitlob.. /' Boundaries and Excitations
=-{f:/ dipole_tutorial 2 )
Edit Notes... G
€5 HFSSDesign1 (DrivenModal) B Validation Check completed. 7 Mesh QDeratlons
& 3D Components Toolkit N - o/ Analysis Setup
& Model - o Optimetrics
-£F Boundaries 3D Model Editor l Radiation
[+ Excitations Set Object Temperature..,
& Hybrid Regions Design Settings...
B8 Mesh Operations
= ﬁ Analysis Model »
S setupt Boundaries > | Close I
Optimetrics Excitations >
Results Hybrid > ]
&3} Port Field Display :
% Field Overlays Mesh Operations »
2] ? Radiation Analysis Setup > |
-] Definitions Optimetrics Analysis >
Fields »
EICPEticy o Radiation »
Name | Value o Results >
Name Setupl ‘E‘ g -
E Boundary Display (Solver View]
Enabled v T !
Passes 12 Design Properties...
PercentR... 30 Design Datasets..,
< | n »
_HFss | 0 2 4 (cm)

Message Manager & X Progress
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» Select HFSS > Analyze All

A ANSYS Electronics Desktop - dipole_tutorial - HFSSDesignl - 3D Modeler - [dipole_tutorial - HFSSDesignl - Modeler]
% File Edit View Project Draw Modeler [HFSS] Tools Window Help

DL EB(& (X | sltonTye. B Ui eLeR (oL (B.IVS3S
YR fd8DsCceson8 Lt JGREEEHE (pmeld @@ el P CF CE 7R TR
o ou & \Validation Check...
BOBEWEARERIIY . @6 .
Project Manager 1 x Submit Job 2
= dipole_tutorial B  Edit Notes..
(- HFSSDesign1 (DrivenModal)
é 3D Components Toolkit 4
& Model z
- Boundaries 3D Model Editor
-2 Excitations Set Object Temperature..,
& Hybrid Regions Design Settings...
BB Mesh Operations
=8 ﬂ Analysis Model »
- S Setupt Boundaries »
" Optimetrics Excitations »
Resuts Hybrid >
-[# Port Field Display )
'E Field Overlays Mesh Operations »
[ ? Radiation Analysis Setup >
(] Definitions Optimetrics Analysis »
Fields »
Froperties adided Radiation »
Name | Value Results »
Name Setupt Boundary Display (Solver View)
Enabled v
Passes 12 Design Properties...
PercentR... 30 Design Datasets...
< | n | »
_HFss | 0 2 4(cm)

Message Manager R X Progress
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» Select HFSS > Results> Solution Data

A ANSYS Electronics Desktop - dipole_tutorial - HFSSDesign1 - 3D Modeler - SOLVED - [dipole_tutorial - HFSSDesign1 - Modeler]
File Edit View Project Draw Modeler Tools Window Help

DS E B S Solution Type... E
H E 5 List... E K
(2. 0B DOO® B
= WG Validation Check...
BOBEMLARARIGKY .\ 128,
Submit Job... 2
ipole_tutorial* T | Edit Notes
()€ HFSSDesign1 (DrivenModal)* B :
& 30 Components Toolkit »
& Model

& Boundaries 30 Model Editor 7
A2 Excitations Set Object Temperature... \
& Hybrid Regions Design Settings.
B8 Mesh Operations \
=P analysis Model » /

S setupt Boundaries »
() optimetrcs Bxcitations »

Result:
esults Hybrid »

Port Field Display

Name | Value

>

Results » Create Modal Solution Data Report >

Name Setupl

o

Boundary Display (Solver View) Greats Fielos Beport !
Enabled v Create Far Fields Report »
Passes 12 Design Properties...

Create Emission Test Report » /
Percent R... 30 Design Datasets... Creste Report From File.
L Pre—T——— ’ Delete All Reports A

HEss |
Report Ternplates » 2 4 (cm)

=[] dipole_tutorial (F:/HFSS_projects/ADMX,/ Tutorial/) Lseqbefined Soltiiay
« g HFSSDesign (DiivenModal) Create User Defined Solution »

b
T Field Overlays Mesh Operations »
P Radiation Analysis Setup »
-1 Definitions Optimetrics Analysis »
Fields »

Rt : P \

Dataset Solutions...
Output Variables...

Link Output..

Open All Reports

Create Document »

Create Quick Report...
Perform FFT on Report ..
Perform TDR on Report .

Solution Data...
Tune Reports ...
Browse Solutions...
Clean Up Solutions...
Import Solutions...

Apply Solved Variation...
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15: View Solution Data

» Select Matrix Data tab to view network parameters

o

Pacific Northwest

# | Solutions: dipole_tutorial - HFSSDesignl

Simulation: | Setupl

LI |Sweep L’

Design Variation: |alm_|ength='1 Bem' arm_rad="0.1cm’ port_length="0.1cm’

Profile | Convergence Matix Data | Mesh Statistics |

[V S Matix |~ Gamma J3[GH2] LI Export Matrix Data... |
[ Y Matix [ Zo I” Display All Fregs.  Edit Fregs... | Equivalent Circuit Export... |
I~ Z Matrix

I Magnitude/Phase[dec Ll Check Passivity

Passivity Tolerance: |.IJEI[]1

oo e |

N

Freq | S:P1:1 |
P1:1 (0.83594, -B1)

Close |

NATIONAL LABORATORY
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15: View Solution Data

» Select Convergence tab to view adaptive pass information
# | Solutions: dipole_tutorial - HFSSDesignl E[Ef

Simulation: l Setupl j
Design Yariation: {arm_lenglh='1 .Sem' arm_rad="0.1cm’ port_length="0.1cm’ J J

Profle  Convergence I Matrix Data | Mesh Statislics]

~ Number of Passes Pass Number | Solved Elements | Max Maa. Delta S

Completed 4 1 2435 NAA

Maximum 12 2 3179 0.034516

Minimum 4 3 4150 0.018734
~Max Mag. Delta S 4 5393 0.0078799

Target 0.02
Current  0.0078799

View: * Table " Plat

Export... |

CONVERGED

r~ Consecutive Passes
Target 1
Current 2

Default Settings
Save Defaults Clear Defaults

Close |
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» Select Profile tab to view run log file (20 sec runtime)

-

# | Solutions: dipole_tutorial - HFSSDesign1 E}@

Simulation: | Setupl L‘
Design Variation: |am_length="1.5cm’ arm_rad="0.1cm' port_length="0.1cm’ J |J

Profile | Convergence I Matrix Data ] Mesh Statistics |

Task I Real Time I CPU Time I Memory Information -

Field Recovery 00:00:00 00:00:00 105 M Disk = 0 KBytes, 1 excitations

Interpolation Error: S Matrix error 3.88005 %
Frequency: 3.5 GHz Full Solution # 5
Simulation Setup 00:00:00 00:00:00 461 M Disk = 0 KBytes
Matrix Assembly 00:00:00 00:00:00 69.9M Disk = 0 KBytes, 5393 tetrahedra , P1: 30 triangles
Solver DCS8-L2 00:00:00 00:00:00 104 M Disk = 0 KBytes, matrix size 36293 , matrix bandwidth 21
Field Recovery 00:00:00 00:00:00 104 M Disk = 0 KBytes, 1 excitations

Mawimum Passivity Error for S Matrix : 0

Interpolating sweep converged and passive within tolerar
Solution Process Elapsed time : 00:00:06 , Hfss ComEngine Memory : 60.4
Total 00:00:01 00:00:03 Time: 01/06/2017 13:55:30, Status: Normal Completion :
< 1 »

Export...

=
Close |
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16: Create Plot of Return Loss

Pacific Northwest
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» Select HFSS > Results > Create Modal Solution Data Report > Rectangular

Plot

A ANSYS Electronics Desktop - dipole_tutorial - HFSSDesign1 - 3D Modeler - SOLVED - [dipole_tutorial - HFSSDesign1 - Modeler]

% File Edit View Project Draw Modeler
D W B &8
iZR.ie0BsCe

@ @@i“%‘-%@'ﬂ@lfﬁl(L

pole_tutorial* B
& HFSSDesign1 (DrivenModal)*
& 3D Components

& Model

¥ Boundaries

D Excitations

& Hybrid Regions

BB Mesh Operations

-4 Analysis

S Setupt

(@) optimetrics

[ Port Field Display

T Field Overlays
% Radiation
(] Definitions

Properties 7 x

Message Manager
=1 dipole_tutorial (F:/HFSS_projects/ADMX/Tutarial/)
- HFSSDesignl (DiivenModal)

Solution Type...
List...
Validation Check...
Analyze All
Submit Job...

Edit Notes..

Toolkit

3D Model Editor
Set Object Temperature..
Design Settings...

Model

Boundaries
Excitations

Hybrid

Mesh Operations
Analysis Setup
Optimetrics Analysis
Fields

Radiation

Results

Boundary Display (Solver View)

Design Properties..
Design Datasets..

Create Modal Solution Data Report
Create Fields Report

Create Far Fields Report

Create Emission Test Report
Create Report From File...

Delete All Reports

Report Templates

User Defined Solutions...

Create User Defined Solution
Dataset Solutions...
Output Variables...

Link Output...
Update All Reports
Open All Reports

Create Document

Create Quick Report...
Perform FFT on Report
Perform TDR

on Report
Solution Data...

Tune Reports

Browse Solutions..
Clean Up Solutions..
Import Solutions..

Apply Solved Variation...

™
» Rectangular Plot
» Rectangular Stacked Plot
» Polar Plot
» Data Table

3D Rectangular Plot
3D Polar Plot

Rectangular Contour Plot

Smith Contour Plot

7
I
|
|
|
|
|
i
| Smith Chart
|
|
|
|
{
|
|

B Report: dipole_tutorial - HFSSDesignl - New Report - New Trace(s)

Context
Solution:  [Setyupt ; Sweep 52
oomai:  [wesp <]

| |

Update Report

[V Realtime

Output Variabes... | Options...

Trace | Familes | Famiies Display |

Primary Sweep: ~|[an

X ¥ Default [Freq
v [d8GELPD)
Category: Quantity: v

Variables 5(p1,P1) <none>
Output Variables ang_deg
ang_rad

¥ Parameter
2 Parameter

VSWR

Gamma

Port Zo

Lambda

Epsion

Group Delay
Active S Parameter
Active ¥ Parameter
Active Z Parameter

Function:

dB10normalize

dBz0normalize
Bc

im

mag

normalize

re

Active YSWR
Passivity
Design
New Report ‘ | Close
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16: Create Plot of Return Loss

» Antenna resonates near 4.4 GHz

I\ 2NSYS Electronics Desktop - dipole_tutorial - HFSSDesign1 - Return Loss - SOLVED - [dipole_tutorial - HFSSDesign1 - Retur Loss] EI@
% File Edit View Project Report2D HFSS Tools MWindow Help RS
éDDﬂu|¥@;‘é‘X2‘_‘_=§lLo(al ~|1E = m;éaéblglﬁf‘;§/\ﬂ'\'.' N WA : : : ;

HEN 2
 BOPEEEHAMRNIC 2 &,

Return Loss vesSDusint 4

=] dipole_tutorial* i 0.00
- HFSSDesign1 (DrivenModal)* 7] ]
é 3D Components ]
& Model -5.00 ]
£ Boundaries 1
[+ Excitations B
5 Hybrid Regions -10.00 -
B8 Mesh Operations = ]
=] }? Analysis - .
s 15007
(@ optimetrics = ]
=-[F] Results &_—2000 ]
=-EJ Return Loss E 1
L dB(S(P1,P1)) = p
2] Part Field Display i @/'2500 7
T Field Overlays % ]
¢ Radiation -30.00 -
Properties ]
Name _| | -35.00
- Scrollbar E Curve Info
ShowXS... _ 1 — dB(S(P1PI|
40.00 b Setup1 :(SENeep "
-45.00 +————— T T
LI F—T—| ’ 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00
Cartesian | General Freq [GHz]

Message Manager R X Progress
=] dipole_tutorial (F:/HFSS_projects/ADMX/Tutorial/)
+ @ HFSSDesign1 (Driventodal)

4% Hide 2 Messages M — Hide Progress
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17: Create Plot of Input Impedance

» Select HFSS > Results > Create Modal Solution Data Report > Rectangular

Plot

I\ ANSYS Electronics Desktop - dipole_tutorial - HFSSDesignl - 3D Modeler - SOLVED - [dipole_tutorial - HFSSDesign1 - Modeler]

File Edit View Project Draw Modeler
DS ® ®& i
¥R .iBBDOO@ [
SOHR =LA R |

k

=[] dipole_tutor
& HFSSDesign1 (DrivenModal)*
& 30 Components
& todel
(£ Boundaries
/D Excitations
& Hybrid Regions
B8 Mesh Operations
- Analysis
-4 Setupl
{3 optimetrics

@[ Port Field Display
T Field Overlays
¢ Radiation

(2 Definitions

Proper

Tools Window Help
Solution Type...

List...

Validation Check..
Analyze All

Submit Job...

Edit Notes...

Toolkit

3D Model Editor
Set Object Temperature..
Design Settings...

Model
Boundaries
Excitations

Hybrid

Mesh Operations
Analysis Setup
Optimetrics Analysis
Fields

Radiation

Results

Boundary Display (Solver View)

Design Properties...
Design Datasets...

Message Manager

=B dipole_tutorial[F:/HFSS_projects/ADMX/Tutarial/

# @ HFSSDesignT (DriverModal

Create Modal Solution Data Report
Create Fields Report

Create Far Fields Report

Create Emission Test Report
Create Report From File..

Delete All Reports

Report Templates

User Defined Solutions...

Create User Defined Solution
Dataset Solutions...

Output Variables...

Link Outpu
Update All Reports
Open Al Reports

Create Document

Create Quick Report...
Perform FFT on Report
Perform TOR on Report

Solution Data.
Tune Reports
Browse Solutions.
Clean Up Solutions...
Import Solutions.

Apply Solved Variation..

Rectangular Plot
Rectangular Stacked Plot
Polar Plot

Data Table

Smith Chart

30 Rectangular Plot

30 Polar Plot
Rectangular Contour Plot

Smith Contour Plot

48 Hide 2 Messages

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

Report: dipole_tutorial - HFSSDesign1 - New Report - New Trace(s)
Context

Solution:

Trace | Families | Famiies Display |

setupt : Sweep 5| Primary Sweep: |Freq

RAIED

Domain:  |Sweep ~ .

¥ Default [Freq

H
|

# v

Category:

retzte1,p1)

Range
Function.
Function:
<none>
ang_deg
ang_rad

arg

cang_deg
cang_rad
dB10
dB10normalize
dB20
dB20normalize
dBc

im

mag
normalize

Context

Update Report et

Setup! : Sweep =
Domain:  |Sweep ~

o

¥ Real time

Output Variables.

Update Report

¥ Real time

Output Variables. .. | Options... |

EJ Report: dipole_tutorial - HFSSDesignl - XY Plot 1- re(@(P1P1)

Trace | Families | Families Display |

Primary Sweep: |Freq ~|[an o
X ¥ Default [Freq |
v [meLPD) :j: 2
Category: Quantity: S Function:

<none>

ang_deg

ang_rad

arg

cang_deg

Epsilon

Graup Delay
|Active S Parameter
Active ¥ Parameter
|Active Z Parameter
Active YSWR
Passivity

Design

cang_rad
810

mag
normalize

dB10normalize
dB20

dB20normalize

New Report | Apply Trace ‘ Add Trace |

Close
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17: Create Plot of Input Impedance

» Antenna resonates near 4.4 GHz

A ANSYS Electronics Desktop - dipole_tutorial - HFSSDesignl - Input Impedance - SOLVED - [dipole_tutorial - HFSSDesign1 - Input Impedance] E]
% File Edit View Project Report2D HFSS Tools ‘Window Help & x
DSHE| B2B|&| %9 il SnR e ESSR|PL B EAmMWMWA JE D oo

HEN 2l
 BOPEBR=EEHLAU R IGIE 2 &,

input Impedance HrsSDesrt

=% Boundaries - 300.00 -
- Openi E YT
(-2 Excitations - rve Info i
& ryind remers | 250007 o LT
[]».g l:esr C?perations 200.00 3 — ?m(z 51 Pp'] ) 2
= nalysis B | f
-4 Setupl 150.00 Setup1: éweep
@ Optimetrics ]
=-[F] Results | & 100.00
=1 Return Loss 3 = 3
# dB(S(P1,P1)) £ ]
= Input Impedance 9, 50.00 E
3 re(Z(P1,P1)) [] 3
M i:.(z(m,m)) é 0.00 ]
@-[7 Port Field Display A N =
»%FieldOverlays -§ 5000 E
¢ Radiation N §_1 00.00 _:
Properties 1 x ]
] (| -150.00 3
- Scrollbar -200.00 =
Show S... T
-250.00
'300-00:""I""I'"'I""I""I""I""I""
1 PO \ ’ 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00
Cartesian | General Freq [GHZ]

Message Manager B X Progress

=[] dipole_tutorial (F:/HFSS_projects/ADMX/Tutorial/)
[0 @ HFSSDesign1 (DrivenModal)

0 items selected. 4% Hide 2 Messages l — Hide Progress
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18: Create Plot of Far-field Pattern
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» Select HFSS > Results > Create Far Fields Report > 3D Polar Plot

A ANSYS Electronics Desktop - dipole_tutorial - HFSSDesignl - 3D Modeler - SOLVED - [dipole_tutorial - HFSSDesignl - Modeler]
% File Edit View Project Draw Modeler [HFSS] Tools Window Help

[E=8 Eol =)

‘DBHE|  BO & X2 . SoltonType. o7 0. BB |PL B IOSSS -
2R .ieBDoCO®= o NE Lt JERB B EE _ipaSh i@ @ a2 L

Validation Check...
| [l ) &

BOPRBR=ELHRN QA |f($ Analyze Al
Project Manager a x Submit Job... 2

=3 dipole_tutorial* B Edit Notes...
F - YHFSSDesign1 (DrivenModal)*
é 3D Components Toolkit 4
& Model z
59 Boundaries 3D Model Editor
Opent Set Object Temperature...
)
(-9 Excitations = Design Settings...
é’ Hybrid Regions
B8 Mesh Operations Madel %
B ﬂ Analysis Boundaries »
- Setupt Excitations >
@ Optimetrics L Hybrid 5
= Results v 2
5B Return Loss Mesh Operations »
M dB(S(P1,P1)) Analysis Setup »
=B Input Impedance | Optimetrics Analysis »
™ re(Z(PLP1 El e .
RIopericy S Radiation > Pl
Name |Value| Unit | Evaluate Results Create Modal Solution Data Report
t_length 01 0.1 B 3 i
port_lengl cm cm Boundary Display (Solver View) Create Fields Report
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Pacific Northwest

18: Create Plot of Far-field Pattern
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