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» Overview of HFSS
B Capabilities and key features
B Example measurement comparisons

» Cylindrical cavity tutorial
B Eigenmode solver

Parametric geometry

Curvilinear elements

Modal frequencies

Q-factors

Field plots

Field calculator
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» Full-wave frequency-domain 3-D field solver @

based upon finite element method | .

B Industry-standard accuracy |

Adaptive meshing of arbitrary geometry
Fully parametric modeling
Optimization and HPC
Multi-physics via Ansys Workbench — Ogive—IE
» Widely used for RF/microwave design e
Antenna design and platform integration
Filters and waveguide structures
Electronic packages and PCBs
Connectors and transitions
EMC/EMI
Radar cross-section

» Integrated into Ansys Electronics Desktop d n
Tee and Optimum Combiner
B Part of Ansys Electromagnetics Suite Tee

Coaxial Resonator Corporate Feed

Ring Hybrid Bandpass Filter
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Recent Capability Additions to HFSS

» Base license includes multiple solvers
B Frequency-domain 3D finite element solver
Frequency-domain 3D finite element eigenmode solver
Transient finite 3D element solver
Frequency-domain 3D integral equation solver
Frequency-domain FEBI hybrid solver
Frequency-domain 2.5D planar integral equation solver
B Linear circuit solver
» Base license enables use of 4 processor cores
B HPC, Optimetrics, and Distributed Solver licenses increase computing
capabilities
» HFSS offers two different interfaces to same solver to accommodate
different workflows
B 3D view (for CAD)
B 3D Layout view (for ECAD such as Cadence, Mentor Graphics)
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HFSS R19 User Interface within Ansys 7
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ANS\(SE\Ectrum:SDesktup-PruJe:tl-HFSSDES\gnl-SDMudeIer-[PruJe:tl-HFSSDes\gnl-Mode\:r]
B File Edit “iew Project Draw  Modeler HFSS Tools Window Help

I I 4 Cut 9 Undo  Select Objed - & [@ s Pan @, Fit an

s B@ | \NY |0 vi@E| B @) - d - @Mesue - Hicrd M@ Model - Rlbbon /
3 Copy (¥Redo | (SselectbyName | % % Gurotate | QyFitseeted @ S (@ A | T L BB e A dale-| i =Ruer Ul - @ veewm -
e [ Paste > Delete ® - M ovient - me ™| & L & | Al Akl @ Nl B wnits 3D - B G | & Material
Desktop View Draw Model Simulation Results Automation 0 A TO 0 I b arS
Praject Manager 7 x §lE-lz, Coordinate Systems 5
o1 Projectt ¢ Global 3
-1 g% HFSSDesign1 (DrivenModal) EQ Planes
& 3D Components i 2 Blobald
& Model i e Globali@
P Boundaies i ez GlobalVE
A2 Excitations =€ Lists

&P Hybrid Regions &) AlObjects

H B8 Mesh Operations
ro Ject o
B optimetrics
Results

Manager | &xo 3D

Model 3D Model

=———1 Editor T— | Editor
Tree

Graphics

Properties

() [rm—— » I
Variables | 0 P 2 (in)
2 X § Progress

Message Manager

Message Progress
Manager Window

Nothing is selected

[5) hide.0 Messages.
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Frequency-domain FEM Solution Types

» Eigenmode solution

B Solves for natural resonances of structure
based on geometry, materials, and boundaries

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

B Can solve for up to 20 modes at once

» Driven solution

B Port or incident field used to excite the
structure

B Driven modal method commonly used for
RF/microwave designs

B Driven terminal method commonly used for
multi-conductor transmission lines (no
waveguides, symmetry boundaries, or Floguet
ports)

B Provides S-parameters and fields

E:g Circuit 5~}
System =

o
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* Fields based transmission line interpretation

* Port’s signal decomposed into incident and
reflected waves

* Excitation’s magnitude described as an incident
power

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, ¥, and Z
parameters

Network

Driven Terminal \\
+ Circuit Based transmission line interpretation |
* Port’s signal interpreted as a total voltage (Vtotal

= Vinc + Vref)

+ Excitation’s magnitude described as either a total
voltage or an incident voltage

* Supports Differential 5-Parameters

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, ¥ and
Z parameters

*Does not support symmetry boundaries or Floguet Ports

_ Network
5 Circuit
System

Proudly Operated by Battelle Since 1965
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Adaptive Mesh Algorithm

» 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 Can be performed for set of user-specified
frequencies (broadband adaptive meshing)

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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b Mesh Seedlng aIIOWS user to dlrectly Field plot with seading Field plot without seeding

Influence initial mesh
B Reduce number of adaptive passes
Focus mesh elements in critical areas
Not required for accurate results |
Can improve field plots

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: 1/10, First: /3, Second: 2/3, Initial geometric mesh  Electrical mesh after
Mixed: 2A/3 lambda refinement
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Curvilinear Mesh Elements

» Global mesh approximation setting
for all true surfaces in model A» o 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
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Port Excitations for Driven Solutions

» 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 o
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Freqguency Sweeps for Driven Solutions

» Discrete sweep
B Solves adapted mesh at every frequency Interpolating =

B Matrix data and fields at every frequency Fast %
Interpolating

» Fast sweep

B Adaptive Lanczos-Padé Sweep (ALPS) solver
extrapolates rational polynomial function for
electric field over specified range from center S=
frequency field solution

B Usually valid over less than 10:1 BW

ﬂq(s -z, XS —zq_l)..(s ~z,)
e,ls = py ks = Py ) s = py)

0.00

B Matrix data and fields at every frequency e
» Interpolating sweep B
B Solves minimum number of frequencies to | m
create rational polynomial fit for S-parameters -\
B Useful for very broadband S-parameters g
B Matrix data at every frequency o
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FEM Solvers for Driven Solutions

» Direct matrix solver is default technique a B N\
B Exactly solves matrix equation AX = b VxE=-——

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

B Solves for all excitations b simultaneously
» Iterative matrix solver is optional technique
for driven solutions b=
B Reduces RAM usage and often runtime K J
B Solves matrix equation Max = Mb where M

is preconditioner a, a, a; ay|x] [§]
B Begins with initial solution and recursively 0 @y @y ay x| | b
updates solution until tolerance is reached 0 0 a; x| b

0 0 0 ayl|x b,

lterates for each excitation b L ALtad L%

More sensitive to mesh quality, reverts to
direct solver if it fails to converge
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Boundary Conditions

» Can be used to simplify geometry or
make meshing more efficient X X T X I I I I I I I I

» Material properties for surfaces
B Finite conductivity (imperfect conductor)
B Perfect electric or magnetic conductor > > > >

» Surface approximations for components
B Lumped RLC
B Layered impedance

» Radiation
B Absorbing boundary condition :
B Perfectly matched layers (PML)
B FE-BIl boundary o]
» Any object surface that touches the

background is automatically defined as
Perfect E (perfect conductor) boundary

Patiem Coparscn

Poor absorption of radiation
boundary affects radiation pattern

— -
70.00 W.‘W 90.00

b0’ " Tsolo’
Angls of Incidencs [deg]
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FEM Basis Functions

» Basis functions are n-order polynomials that

. . . First Order hd
describe how E-field varies along mesh elements oo Order M
edge, face, or volume th Order

econd Order

Mixed Order

» Hierarchical basis functions

B Zero or first or second order basis functions
B Higher-order elements have increased accuracy but
more unknowns (6, 20, 45)
» Mixed order basis functions
B Zero and first and second order basis functions
B hp-FEM method refines element order p and element Ao =i

Slze h etrahedra olution aptive Passes
i o] [ ] e [
B Automatically distributes element order based on 0 aoass 2368 2imin 16
element size to optimize use of resources #2855  6BLMB  25min 1

9

» Choice of ideal basis function is problem dependent = * = 7% [28e8 [ ssmn

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

» Tool for performing math operations eXpressions selection

on saved field data e

Name Expression [~ Solution: Setup] : LastAdaptive -

. Mag E MagiatPhase(Smonth(<Ex Ey.Ez), Phass])
. I I I J and PO ntln data Mag_H Man(AtPhasa(Smonth(<H Hy, Hz>), Phase) Field Type
Mag_ ol MagiAtPhase(Smanth(< v iy V23], Phass))
! ’ ! F 20GH: -
Mag_Jsurt MagiAtPhase(<Jsurtc Jsurfy. Jsurfe>, Phase)) | ClearAl req
Mag

. Complexiiag_E (Cmpbag(<ExEyE2)) deg
Phase
. GeO| I letrIC COI I l IeX VeCtOI and complextiag H MapCmpbhng(<rix i Hor)
1 ] ) Complexiag_dval  MagiCmphddag(< vy, Sz}
Complexiiag_Jsut _ Mag(Cmpldiag(<Jsurbc Jsurfy. Jsuriz>]) ~

scalar data | |

B Uses peak phasor representations = | o |
Of Steady'state erIdS C\E/I§ <§:REHD \nmma\m,nntm <ExEyEz»). SurtaceNormal) StaCk

B Perform operations using model or Data stack / operations
non'mOdeI geometry Psh [[ P | Pwp | Ron | Een | clesr | unao |

Change Variable Yalues

- - —
[ Generatg numerical, graphical, —— = == ==
geometrical, or exportable data e e e
. . Function.. | Neg | Tig  * | Cross |
» Reverse Polish notation = 2 S
I I ‘H\ Calculator
,l ormal

» Frequently used expressions can
be included in user library and S
loaded into any project

B Eliminates need to re-create lﬂ Re{E x H*}e ds lam IE P dv
expressions used across projects 2° 2

Unitvec ¥ ‘ fu nctions

August 16,2018 | 15
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Quality Factor of Eigenmode Solutions

» Provided with solution data for each

Calculator Operation Resulting Stack Display
d d (top entry only unless noted)
requested mode e TN
Push (above entry duplicated)
. Cmplx>Conj CVc : Conj(<Hx~ Hy. Hz>)
B Obtained from complex frequenc S o by e i
y Cmplx=>Real Scl = Real(Dot(<Hx. Hy. ...
Geom=>Volume=>{select cavity volume} Vol : ObjectlList(cav_total)
(above is example; user entry may
differ)
I Scl = Integrate(0bjectList{(cav---
(above represents energy stored
in cavity volume)
Push (above entry duplicated)
|freq | Num=>Scalar>{enter loss tan for volume} Scl : <{numerical value}
(loss tangent for dielectric fill
Q - within cavity volume)
u L x Scl : x(Integrate(Objectlist(...
2 * lmag (freq) (above represents energy lost in
dielectric material losses)
Aty>H CVc :  <Hxa Hya Hz>
Geom>Surface>{select cavity surfaces} Srf : ObjectFaces(cav_tot_faces)
(above Is examples user entry may
dirfer)
Unit Vec=>Normal Vec : Normal(0bjectFaces(cav_---
Cross (Vc : (ross(<Hx- Hy: Hz>. Norm---
Push (above entry duplicated)
H M Cmplx>Conj CVc :  Conj(Cross(<Hx: Hy. Hz>s ---
» Can also be calculate using fields
Cmplx—=>Real Scl : Real(Dot(Cross(<Hx. .--
Geom>Surface>{select cavity surfaces} Srf : ObjectFaces(cav_tot_faces)
Cal Cu Iator ] Scl : Integrate(ObjectFaces(...
Num=>Scalar=2 Scl = 2
Const=2Pi Scl : 3.14159265358979
Const>Frequency Scl : {current freq. in Hz}
X Scl : {numerical result. pixf}
2 Num>Scalar>{enter W for walls} Scl : {entered value. unitless}
H dQ X Scl :  A{numerical result. pixfxmur}
Const=>Mul Scl : 1.256L370LLY4YE-DOGL
x Scl : {numerical- pixfxmurxmul}
Q —_— Q Num=>Scalar=>{enter wall conductivityl} Scl : {entered value. s/meter}
- X Scl ¢ {numerical. pixfxmurxmulxc}
S 2 2 I Scl : {numerical sqrt of above}
— ‘n X H‘ dr _|_ tg 5 ‘H‘ dQ X Scl : {numerical result. 2%above}
1/x Scl : d{numerical result}
2 (above is skin depth/c2)
1—~ Q X Scl = x(I_ntegr-atg(Objg(t.Fa(gs...
(above is energy lost in walls)
+ Scl :  +(x(Integrate(0bjectFaces---
/ Scl @ /(+(x(Integrate(...
Eval Scl : {numerical result}
(above is & of homogeneous fIill
and wall conductivity cavitys
unitless)
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Example Comparison with Measurement

» Excellent agreement for ADMX cylindrical cavity
B HFSS solution includes 12 modes in vicinity of TM,,, mode
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B Blue markers indicate mode with largest form factor at each rod location
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Example Comparison with COMSOL

» Model presented by SungWoo Youn at January 2017 Workshop on
Microwave Cavities and Detectors for Axion Research

» Dielectric rod moved from center to wall in 1.5 mm increments

Simulation Study (COMSOL)

\éﬂn w -3'5};5‘ === Resonant Frequenc ¥
= Resonant frequency ] "
. | ;‘ 6 80E+09 B
T Cu cavity . J— Af ~ 20% , 0
(R=1.7cm,L=10cm") saoeeny 01708 ~ 5 MHz/deg , S
Tuning system 0205409 i gsg
‘ (Dielectric rotational rod) £00E+08

r 5.6
) 54

o | B

(e=10, /R=0.1%) 5.80E+00

5.60E+09

5.40E+00 ' Tuning Rod Offset (Nermalized Distance to Wall)
] 02 04 06 08 1

Quality factor Form factor , Quality Factor N Form Factor

25000 08 07
07 20000

20000 . e
06 = 0,

£ 15000 508

15000 05 < Zoa

£ 10000 Eos

02

10000 03

3 = _ 2
4Q ~ 30% . 5 Ja*xB, Etx)
5000 0Q/56 ~ 0.15%/deg 04 B;VJ-ngS[X]‘E'[X]‘Z

1] 0 o 02 0.4 0.6 08 1 o 02 04 06 08
0 0.2 0.4 06 0.8 1 0 0.2 04 0.6 08 1 Tuning Rod Offset (Normalized Distance to Wall) Tuning Red Offset (Normalized Distance to Wall)

Youn 2017 HFSS Results
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Other Comparisons with Measurements
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Resonant Patch Antenna
10 T T T T

—— —Modeled Transmission Loss(321)
— ——Modeled Return Loss(S11)

Measured Transmission Loss(521) [T
Measured Return Loss(S11)

. i i ; i i ; i ;
1.2 1.4 16 1.8 2 22 24 26 28 3
f (GHz)

Insertion Loss *

T 2h ——T — T
Freq [GHz]

VSWR
[V )

VSWR of Vivaldi Tapered Slot Antenna

—Measurement " S—
i N . 7
. 4
- — HFSS Simulation :
77_7!
i’
B -
i
A A
V WWW
T T T T T T 1
0.5 1 1.5 2 2.5 3 3.5 4
Frequency (GHz)
Planar Split Ring Resonatar
10 T T T T T T T T T
: : : — — —Modeled Transmission Loss{S21)
— — —Modeled Return Loss(S11)
5 Measured Transmission Loss(S21)
Measured Return Loss(511)
0
-5
o 0

i I
1 12 1.4 16 14 2 22 2.4 26 28 3

firsHzY
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Cylindrical Cavity Example

August 16, 2018 20
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Cylindrical Cavity Example

» Empty copper cavity

B Radius =21 cm from S \ﬁ@)zﬂw_ﬁ}z
B Height = 100 cm Shjeee P a
f o C
» Expected results for TM,,, mode 2.61r

B f,=546.42 MHz
B Q-factor = 61,391 (Li and Jiang, 2006) o :( H )(5) 0,=0, = 2":
B Form factor C = 0.69 (Peng et al., 2000) " (R+H A6 5 |—
B Form factor C = 0.692 (Stern et al., 2015) e

2

f P E, By

Bgvf d’xe|E,|?
V
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1. Create HFSS Project
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» Insert into Electronics Desktop using New

[T] ANSYS Electronics Desktap
File Edit View Project Toals Window Help

New Open Open Save Save Close 1
Examples As (3 Paste X Delete

Desktop View Simulation Automation

L
Create a new document

Properties

Message Manager

2 2 1 1 = [ Save Archive % Cut 9 Undo ] Bl dit Definitions = T Project Variables | [
S EHR T8 : Fe’ D B g =
@ o o [# Restore Archive | 3 Copy (¥ Redo & E (] i | Datasets

HFSS Q3D Circuit Icepak Maxwell Simplorer

(==

General  Help ANSYS
Optiens -

@ N

2 x { Progress 7 x

Ready
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2. Set Eigenmode Solution Type
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» Select HFSS > Solution Type > Eigenmode

[T] Ans¥S Electronics Desktop - Project - HFSSDesignl - 30 Modeler - [Project] - HFSSDesignl - Modeler]

=]

Select solution type,

[ Hide 0 Messages ||~ Hide Progress

E File Edit View Project Draw Modeler [FFSS] Tools ‘indow Help
§ Cut ¥ Undo | Select: Object SU‘HUE}”WP&H 9a B@ | \NY| D voj@m| B A 3 & @measure - HGnd  @Em Model -
23 Copy ( Redo | (B Select by Name List,. eted | B @O @A|LL | FiF 0@ a|e-| L | cmRuler X - mE | eaum -
S i .
M B paste 2 Delete & VWalidation Check.. me ” O A & g i @ Nl Eov o units 3D - B G| B Material
Desktop  View | Draw | Model  Sim D Anshze sl e N
s T Submit lob...
roject Manager
4
= project: B EditNotes i
& HFSSDesignt (DrivenModal) Tookit v Solution Type! Projectl - HFSSDesignl @
(] Definitions
30 Model Editor
Set Object Temperature... ;
St Solution Types
Model » ¥
7  Modal ' Eigenmode
oundaries »
Excitati » . .
-  Teminal " Characteristic Mode
Hybrid »
Mesh Operstions v " Tranhzient " SER+
Analysis Setup »
Optiretrics Analysis ,
Fields , i i
: —Diriven Options
Radiation »
Results » o
Properties 2 x| Boundary Display (Salver Wiews)
Name [value| Unit [ Eval Design Properties...
Design Datasets...
I™ Save as default
ak. ; Cancel
() |—— ’ |
Yariables | 0 1 2 (in)
Message Manager o x [ Progress n
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» Select Modeler > Units > cm

[T] ANSVS Electranics Desktop - Project] - HFSSDesignl - 30 Modeler - [Project] - HFSSDesign1 - Modeler] =
B File Edit View Project Draw [Modeler] HFSS Tools Window Help
| I % Cut ¥ Undo | Select: Import.. n @, Fit Al 9 a EO® \NY| 0 Miglem|E| @8] @measure - FHord H @ Model -
23 Copy (¥ Redo | (8 Sele: Export tate - 99 @A || |FFLE A @l=|4 | =R m - @ gy vawwm -
Save =
[ Paste 3 Delete SpaceClain Link ) frient ~ e |[@® . d |l il @ Nl - units EN) - B A | S wmateral
Desktop View Draw Mod Import Fram Cliphoard mation oNn
Project Manager
= B Project1 Histary Tree Layout »
3 HFSSDesign1 (Figenmode)™ & Assign Material..
[ Definitions
Movement Mode »
Grid Plane »
Snap Mode...
Mew Object Type » s o
G v [] :
e ki =et Model Units
Coordinate Systern »
List »
Edge > o
g Select units:
Surface »
Boolean »
Unis. [™ Rescale to new units
Measure »
Properties Generate History
= Toae] T Delete Last Operation QK. Cancel
Purge History
Upgrade Yersion
B Fillet
A Chamfer
Model Snalysis »
Model Preparation »
ol _ ! [ I
Variables | 0 1 2 (em)
Message Manager o x fl Progress o ox
Set model units [71_Hide 0 Messages | [ — _Hide Piogress AUgUSt 16, 2018 24
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4. Set Dialog Data Entry Mode
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» Select Tools > Options > General Options > 3D Modeler > Drawing > Dialog

(T} ANSVS Electronics Desktop - Project] - HFSSDesignl - 3D Modeler - [Projectl - HFSSDesign - Modeler]
69) p - Proj g ] 9
5 File Edit View Project Draw MWodeler HFSS [Tools | Window Help
% Cut #) Undo | Select Object  ~ § Edit Libraries L EH@ | \NY| @ MijPE|B| @] 04 @mesue - | S Grid @ Model M
E3 Copy Redo | (8 Select by Name ® Library Tools "9 (@naltd | BRI OE @ =-| & == Ruler X - @ pg  vacuum -
5i
™ [ Paste X Delete % Praject Toals e R 0 & | il i | @ = N %o units L) - B A B mateal
Desktop View Draw Madel Simulation Run Script... —n
Project Manager 8 ox #E=-l Pause Seript Options IEI
£ project1* € Record Script To File...
1 HFSSDesign1 (Eigenmode)™ € Record Script to Project... General R Drawing Data Erkry Mode ———————————————————————
[ Definitions i -
Open Command Window 20 Extractor a & Dial
0
Passwaord Manager... Circuit Design Faint Dislog
Circuit MetList Design Use F3/F4 to switch between point and dialog entry mode
Options » General Options
HF35
Keyboard Sharteuts. 1% HPC and Analysis Options.. HF55 30 L "
ayoul : ; ;
External Tools... . ¥ —Relative Coordinate System Creation Mode
Expart Options Files... HFSS-IE
[0 Show Queed Sirulations Ieepak * Axis/Position  Euler angle
Edit Active Analysis Configuration... ) ) i )
& Mazxwell 20 = Use F3/F4 to switch between axisfposition and Euler angle creation mode
Import Array from Table.. Mazwell 30 i |
Job Management. » Q30 ~Palyline Creation
z : RMxprt
Calibration Wizard ¥ a : :
N ukomatically cover closed polylines
Layout Links... Simplarer
Metwark Data Explorer [ 30 Modeler
fropertes il PErag.. ¥ show measure dislog during drawing
Nane Walue| Urit | Eval Operation i : o
[var] l 3 [~ Edit properties of new primitives
nap | &
[ Display
General
Rendering
Histary Tree
Group
SpaceClaim Link
Arhvanced i
Ok ; Caniel
il _ : [ |
Variables [ 0 1 2 (cm)
Message Manager 7 x § Progress 7 x
ErTATTE—| e August 16, 2018 25




5: Set Default Transparency of 0.7

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1

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

ANWSE‘E(tFDH\ESDESktUp'prDJE(tl*HFSSDES\QHl'RDMDdE‘EV'[prDJEEll'HFSSDES\HHI'MDdElEF]
B File Edit View Project Draw Modeler HFSS [Tools | Window Help

=]

Set general options

% Cut #) Undo | Select Object  ~ § Edit Libraries o H@ |\ Y @] - & - m@Measure - | FHGrid @ Model M
53 Copy (Redo | (8 SelectbyName | %% Library Tools O @A | LS | =-| L c=Ruler X -~ Ry weaum -
= [ Paste < Delete ® Project Taals anh| @ " | Bo- | units 3D - B G B wmaterial
Desktop  View | Draw | Model  Simulation Run Script.. onNn
Project Manager 1 Pause Script
- project1* € Record Script To File.., £
3 HFSSDesign1 (Eigenmode)* € Record Script to Project Dot
iohs
[ Definitions i @
Open Cammand Window :
General - ~Rendering Defaulks
Password Manager.., 50 Extractor B
= Default color: W
Options General Options Circuit Design
Keyboard Shorteuts... 143 HPC and Analysis Options.. Circuit MetList Design Default view render mode: Smoothshade =
HF55
Edemalilonl) Export Options Files.. HFSS 30 Layout
[0  Show Queued Simulations HFSS-IE -~ Ohiect Appearance
BB Edit Active Analysis Canfiguration... Icapak
Iport rray from Table.. Masewell 2D 1 ™ Use material appearance F avaiable
Maxwell 30 P
Job Managerment Default color:
030
Calibration “izard RMxprt Defaulk transparency:
Layout Links... Simplarer 3
Metwork Data Explorer 30 Maodsler 0.7
Properties i PEMmag.. Drawing DJpaque Transparent
Name [value[ Onit [Eval Operation
Snap ~ (Object Qutline Contrast
[= Display
General Bl 0.5
Rendering Minimurm Maximum
History Tree
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Variables [ 0 1 2 (cm)
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6. Create Parameterized Cavity

Proudly Operated by Battelle Since 1965

» Select Draw > Cylinder

AMNSYS Electranics Desktop - Projectd - HFSSDesignd - 30 Madeler - [Projectl - HFS3Design - Madeler] =]
W) File Edit Wiew Project [Draw| Modeler HFSS Tools ‘Window Help
4cut Dundo N Line <} Pan @, Fitan a4 H® |\ Q| E | B~ - @Measure - FGrid M E  Model -
53 Copy (¥ R L spline FuRotste - O Fitseledted @ @ O | @ AL L | = @l = & == Ruler Xt - @ gy vawm -
s
** @ Paste X De Arc * [ @ orient - e | @ X A ot Bo- o units 30 - G S watenial
27
Desktop  view | praw |- Eaustion Based Curve Automation "W,
Project Manager [ Rectangle Syrtems 2
=& project1* @ Ellipse i
€ HFSSDesian1 (Eigenm () Circle
-] Definitions @ Reguier Polygon
1| Equation Based Surface
9 Box
3§ Cylinder
@ Regular Polyhedron
& Cone
Q@ sphere
© Torus
Helix
Spiral
s Bondwire
Sweep 3
User Defined Prirnitive »
S
Properties User Defined Model v
3 C it Lib 3
Hame [v R
A Plane
= Point
Line Segment »
Region
2 i ] : [ I
Yariables | 0 1 2 (em)
Message Manager 2 x i Progress o
Add a ylinder to the model [ Hide O Messages | (= Hide Progress \ugust 16, 2018 27
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6. Create Parameterized Cavity

- vity rad =21 cm ,
Ca ty— ad C Add Variable
» Cavity height = 100 cm Wi e
it Type iLength ..I.j
i ’ [ it -
%} CreateCylinder . 1'3"“ J
Walue |
Command i Attibute |
MName i Yalue 1 L rit 1 E valuated Valuei i )
Command | CreateCylinder Add Yariable
Coordinate. .. Glabal Tupe 1L|:u:a|‘-.-fa e
Center Po... 0,00 cm Ocm . Oem , Ocm Name |cavity_height
Az £ Unit Type 1Length __I_j
R adiug cavity_rad 2lecm
Height cavity_height 100cm Unit 1 cm _._'_j
Murber af... 0 1] \al 100
alue
Type i Local % ariable ____j

ot _|

]S ! Cancel I

August 16, 2018 28



Pacific Northwest
NATIONAL LABORATORY

6. Create Parameterized Cavity

» Fit cavity to view using View > Fit All > All Views

ANSVS Electranics Desktop - Project] - HFSSDesign1 - 30 Modeler - [Praject] - HFSSDesian1 - Madeler] (=
B File  Edit Project Draw Modeler HFSS Tools Window Help

| I 4 cuf ¥ Status Bar < Pan @) Fit Al a8 ) 37| & - E@measure - Grid M E Model M
SaCof ¥ Project Manager s Rotate - FitSelected [ @ C) A=~ L cmRuler X - W fg vewum -
s
M B pay ¥ Message Manager ™ @ orient - m e R N B - | units 30 - A B weteal
Desktop v Properties Automation oNn
v Pragress
Project Manager 5
ACT Exte
&G Project it &
& wrssi Component Libraries cuum
[ Defini Layers {Cylinderl;
Nets B CreateCylinder
te Systerns
Components
Docking Window Layauts »
Variables
Undo View : Fit Drawings Ctrl+Shift+Z
Redo View Ctrl+Shift+Y
Clear UndoRedo History
Wodify Attributes »
Interaction 3
Fit &1 » Al Views
Fit Selection v By Active View Ctrl+D
s
Visibili v
Properties ity
Animate..,
Na
L4
cavity_rad R
cavity_height Render L2
Coardinate System v
Grid Settings...
Options..,
< 1 v
Variables [ 0 30 60 (cm)
Message Manager 7 x i Progress 2 x

Zoom to fit contents in all views (o) Wooerpn ) (=i Py | August :|_6Y 2018 29
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/. Assign Cavity Wall Conductivity R

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

[T] ANSYS Electronics Desktap - Project - HFSSDesignl - 30 Modeler - [Project] - HFSSDesignl - Modeler] [=]
B9 File View Project Draw Modeler HFSS Tools Window Help [

I | 9 Undo Change Property ceiZ § Q 4rpan @, it 8a DO |\J @] | & - @measure - HEcria S @ Mosn -
Redar Crl+Y  § rotate - G Fitseleced G @ O (@ A | L L Al e-| A cmRuler xv - m Ry veum -
Save Zoom
Cut 4 + [ orient - Deh @ & vl B units 30 - B4 B wvatel
Deskto] B3 Copy Ctl+C | Results  Automation 9N
Project Mz [ Paste Ctri+y odel
2 Pr¢ X Delete Delete 57 Solids
B@  Rename 2 [ vacuum
&0 B-&
CopyImage [ CreateCylinder

Coordinate Systerns

Delete Start Paint lanes

Delzte End Paint ists
Select All Visible Ctrleas
Select &I
Tnvert Selection
Next Behind B
Selection Mode »
Select Objects >
Extend Selection »| @ Al ObjectFaces
T Select by Area Fifter.. © Al Object Edges
Deselect Al Colsshiftan ||© [AllFace Edaes
Faces On Plane
Go'to History
T i Select Connected Vertices
e Arrange P @ Select Connected Edges
[Name | Duplcats Y| Select Connected Faces
Material Scale -
o [ Select Edge Chain
obve I -
o igherics il SelectFace Chain
Model v @ Select Sheet Edges
Goup  Model
Displapwi. |
Materiala [
Color E=E
Transparent 07
Altrbute 0 60 (cm)
Message Manager 2 x {f Progress 2 x
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/. Assign Cavity Wall Conductivity R

» Select HFSS > Boundaries > Assign > Finite Conductivity

ANSVS Electronics Desktop - Project] - HFSSDesignl - 3D Modeler - [Projectl - HFSSDesignl - Modeler] fele =
B File Edit View Project Draw Modeler [HFSS] Tools Window Help E
I I 4 Cut #) Undo  Select: Object Solution Type... 9 a EO \NY| D @l b~ & - @Measure - FGrid H @ Model -
3 Copy Redo (8 Select by Name List... eted § @O @ AL L = 2| = L cmRuler X - ma vawum -
Save . : :
[, Paste X Delete & Validation Check.. mehi | O AL R S e Nor| Br units 30 - ™ G B wateal
a
Desktop. . View [HDewll Mocel. | sim( @ | Grhzedll on
Submit Job
Project Manager 7 x
Edit Nates..
- project1* B EditNotes
1 HFSSDesign1 (Figenmode)™ Taolkit 5
[ Definitions
30 Model Editar
Set Object Temperature..,
Design Settings...
Mode »
Boundaries ’ Assign » Anisotropic Inpedance..
Excitations ’ Set Default Base Name Aperture...
Mesh Operations » List... Finite Conductivity...
Snalysis Setup ’ Delete Al Half Space...
Optirnetrics finalysis ’ Visualization... Impedanee...
Fields » Reprioritize... Layered Impedance...
Results , Edit Glabal Material Environment.. Linked Inpedance..
Boundary Display (Solver Wiew) PIL Setup Wizard.. Ll b
Master...
Design Properties... R
fopertes sl Design Datasets et
MNeme | Wale [ Urit [Evalistedvale| | Ratliation.
Name caviy S
Materisl  “vacuum” “wscuum”
Symmetry.
Solvelnside [
Oriertation  Glabal
Model I
Group  Model
Displapwi. [
Material .. [
Color ==
Transparent 0.7
Avribute [ 0 30 60 (cm)
Message Manager 7 x | Progress 7 ox
[71_Hide 0 Messages | [ — _Hide Piogress A
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7. Assign Cavity Wall Conductivity

Proudly Operated by Battelle Since 1965

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

Finite Conductivity Boundary @

Marne: ]cavily_walls

— Parameters
Conductivity: |5E000000 Siemens/m
Relative Permaability: i'l

[ Use Material

[ Infinite Ground Plane

—Advanced
Surface Roughness Madek ' Groisse  Huray
Surface Roughness; iD ium :_j

e il |

" Set DC Thickness 17.3853719008264 fem =]

mfl

0 Use classic infinite thickness model

Usze Defaults i
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7. Assign Cavity Wall Conductivity

» Should have boundary condition as shown here

5 File

[T] ANSVS Electronics Desktap - cavity_tutorial - HFSSDesignl - 30 Modeler - [cavity tutorial - HFSSDesignl - Modeler]
Edit View Project

Proudly Operated by Battelle Since 1965

} Undo  Select: Object -

(S Select by Name

l I % cut

3 copy (€
Save

Desktop  View
Project Manager

=1 cavity_tutorial

& 30 Companents
B madel

| =P Boundaries

=
BB Mesh Operations
ST Analysis
@ optimetrics
[ results
Mgy Field Overlays
(L) Definitions

Excitations

Redo
4 Paste 3 Delete

Draw

-3 HFSSDesign1 (Eigenmode)

Draw  Modeler  HFSS Tools  Window  Help

% @ «Pan
% % S Rotate -

Zoom
® + [ orient -
Simulation

LEE

Madel Results

=58 Model
B &7 Solids

Automation

@, Fit Al

@, Fit Selected

9
i}
m

0

OB

=
9‘0
LYK J

L J
f

® oo
= 7
& | 4

Pm
o)
®

il
i7
i

E

&
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-
-

N

J
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1

N
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1

6D Measure ~

= Ruler
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Hf Grid

" -

H

Model

]
=g

3D -

&F Material

vacuum -

BEE

onNn

-4 vacuum
E-E7 cavity
L0 CreateCylinder
1y, Coordinate Systems
& Planes
D Lists

Properties

doac

MName | Walie [ Orit

| Evaluated vae| |

Name cavity_w.
Finie Co.
Conductivity 58000000
Permeabiity 1

Irf Grownd,

Type

-

Suface R Groisse
Roughness 0

Use Thick.

um

-

RB000000
1

HFSS

Message Manager

e

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 Meshing

[T ANSYS Electronics Desktop - cavity.tutorial - HFSSDesign - 30 Modeler - [cavity tutorial - HFSSDesian - Modeler] =8 ECE =)
% File Edit View Project Draw Modeler [HFSS] Tools Window Help [x]

I I % cut Undo | Select: Object Solution Type... e - W@ Measure - HEerid @& Model -
53 Copy (% Redo | (8 Select by Name List... lected == Ruler X - @ pg vewum -
SHE & paste X Delete & validation Check.. B units e - B A B Materal
0
DecHop e view 2 B DEwE  cael i @ | nebae Al @A
Submit Job.
Project Manager 7 x L
it Mote
=+ cavity_tutorial B Edithotes
£ HFSSDesign1 (Eigenmode) Taolkit D
gD 30 Components
2 Model 30 Model Editor
[P Boundaries Set Object Ternperature...
BT cavity_walls Design Settings
-4 Excitations
£ Mesh Cperations Model »
57 finalysis Boundaries 4
Bl optmetris Excitations »
T Fild Ovslays Mesh Operations » Assign r On Selection
(2 Definitions Analysis Setup » Reassign... Inside Selection »
y
Optimetrics Analysis Delete Al e
»
Fields Initial Mesh Settings, Pk ol sk
»
R Surface Priority for Tau...
Boundary Display (Sohver Yiew) Model Resolution..

Design Properties...
Properties 2 x

Design Datasets..

Name | Vaue | Unit [ Evalustedvalue
Name  coviy

Material vacuum' Mvacuum'
Solve Inside [/
Oiientation  Global
Model 2

Giowp  Model i 4
D Apply Curdlinear Meshing @
Material &, —

Color
Transparent 07

Name: | cavity

L Y
TS 7 x 7o v apply Curvilinear Meshing

Ik, i Cancel
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8: Apply Curvilinear Mesh Elements

» Can also apply curvilinear elements as global setting

» Right-click Mesh Operations > Initial Mesh Settings

Pacific Northwest

NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

ANSVS Electranics Desktop - cavity_tutorial - HFSSDesign1 - 3D Modeler - [cavity_tutorial - HFSSDesignl - Modeler] [=]
A File Edit View Project Draw Modeler HFSS Tools \Window Help
% Cut 9 undo  Select Objet - % [@ (% s Pan @ Fitan aa E@® \NY| D i @m| H|Alh-1i - @easue - Hona A m Model i
< 23 copy Redo (S Select by Name $ % | Gurotate - Qrtseicted  § @ O | @ AL S|« F|F L0 . 5
™ @ Paste X Delete s 2" @ orient + Me ™ |& “ & i@ Initial Mesh Settings @
Desktop View Draw Model Simulation Results Automation Gene[al ; Ad d ;
Project Manager 2 x { B-gb Model WAnCe
=] cavity_tutorial* 2-&7 Solids
&P HFsSDesion! (Eigenmode)* 14 vacuum
&5 30 Components B-&7 cavity Mesh Methad
-~ Model i@ CreateCylinder )
£+EF Boundaries Bl Coordinate Systems & Auto 1Al " Classic
£ cavity_walls [+ Planes
/5 Excitations & Lists v Apply curdinear meshing to all curved sufaces
Assign »
List.
Delete 41l
[ Resuks Initial Mesh Settings..
g Field
{1 Definitions .
— Curved Surface Mezhing
& Usze Slider € Manual Settings
)
Properties 2 x
Coarse Resolution fire:
0o oo e 6D
1
|
Small Mesh Size Large
[ Save as Default
Message Manager 2 x i Progress
ok 1 Cancel i
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9: Add Solution Setup

» Select HFSS > Analysis Setup > Add Solution Setup

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle

[T AMS¥S Electronics Desktap - cavity.tutorial - HFSSDesign1 - 3D Modeler - [cavity_tutorial - HFSSDesignl - Modeler]

==

B File Edit View Project Draw Modeler [HFSS| Tools Window Help
| I 4 Cut 9 Undo  Select: Object Solution Type... Q@ a @ |\ 9 | O~ & - @Measure - FGrid M E  Model -
23 Copy (%Redo | (B Select by Name List leted | [ @O @ A|L L al =- = Ruler o - @B vawunm -
of Validation Check.., me R N Nl B | unis 3D -l B G B wateral
0
Destin | View | Dimw| Model S| | Ancbe=nl on
e & Subrmit Job..
roject Manager x
Edit Nates.. Z
= cavity_tutorial® B B b
£l g HFSSDesign1 (Figenmode)* Toolkit
& 30 Components
@ madel 3D Madel Editor
=-E Boundaries Set Object Temperature..,
EF cavity_walls Design Settings
£ Excltations
588 Mesh Operations Model
g cavity Boundaries
£ ancysis Excitations
Optimetrics
Roslts Mesh Operations
g Field Overlays Analysis Setup §F Add Solution Setup...
- (1] Definitions Optirmetrics Analysis b~ Add Frequency Sweep..
Fields List..,
Ao Revert to Initial Mesh
Boundary Display (Solver View) Lpply Mesh Operations
Design Properties... Clear Linked Data
Eroneries £t Design Datasets.
30 60 (cm)
Message Manager 2 x ff Progress 7 x

Add a new solution setup,

[¥| Hide 0 Messages ||~ Hide Progress
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9: Add Solution Setup

Proudly Operated by Battelle Since 1965

» 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 1 Dptionsi Advanced; Defaultsi Expreszion Eache; "Gereral  Options 1Advanced; Defaultsi Expreszion Eache;

Setup Name: isetup‘] Initial Mesh Option:

v Do Lambda Refinemnert

B Enabicd Lambda Target: |02 v Use Default Value
Minimurn Frequency: ;540 ;MHz _:j | I™ Use Free Space Lambda
Numbe[ Df Modes: ;‘éﬂw 'Adaph\"e Dptlons ....................................................................
taximurn Refinerment Per Pazs: 130 4 |
- Adaptive Solutions ———————————————————————————————— ) I~ Masimumn Fefinement: 11 00oo0o
I awirum Mumber of Passes: ;1 2 Minirumn Hurmber of Passes: 14
Minirmumn Corverged Passes: 11
M aximumn Delta Frequency Per Pass: ;2 S| |

Solution Options

Order of Basiz Functions: ; First Order - i

I Corwerge on Real Frequency Only

Usze Defaults ]

HPC and Analysis Options... !

Usze Defaults ]

Cancel 1

Cancel 1
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n
1 O ] S aV e I r OJ e C t Proudly Operated by Battelle Since 1965

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

[T ANSYS Electranics Desktap - cavity_tutorial - HFSSDesignL - 30 Modeler - [cavity_tutorial - HFSSDesignl - Modeler] =
W(File) Edit Wiew Project Draw Modeler HFSS Toals Mindow Help -[=]x]
l‘d Mewr Cta+l | hpan @, Fit an aa H@ |\ B ovifig@m B | @ -] @measure - Fcnd M E  Model -
[ Open. CtdsO |\ upotate - BlFitseieted @ @ D (@ AL L | F|iF 0@ Al e-| 4 E=Ruler X - me veewn -
S LR Open Eramples.. 0 Orient - e R~ i & ikl @ = Units EN} - G S watenial
-\
D\‘\I Cloze Automation e A
Proj H Save Ctrl+5
=) Save As...
Save As Technology File
ity
g Achive.. CreateCylinder @ S
[#  Restore Archive... stems
Page Setup... Save in: ] . Tutorial_2018 '1 &= £ '
Print Preview:
-
S con+P = Mame Date madified Type
-
Irnpart 3 ey .
Export > =~ Mo iterns match your search,
5 Recent Places
1 FAHFSS,_projectsyADM\cavity_tutorial.aedt
2 FAHFSS. prajectsh..\spiral_SPAT_panel Z.sedt !
3 FAHFSS_projectsh..Aspiral_SPAT_panel_3.aedt -
4 FAHFSS_projects,. Aspiral_SPAT panel.aedt Dezktop
5 GCPW_ustrip_ transition Walkby.aedt e
i i FAHFSS_projectsh, \HDAIT_SPAT_Laedt — i i
LA 7 walkby_switch_board RevC.aedt _U:EJ-' _ Select file to presview
[ 8 FAHFSS projects\. \SS_SP16T_dif_export.aedt Libraries
N Exit Ebhl
T — el
Region  OnSele..
opply Curv. [ Computer
Metwork
4 | 1 | b
File: name: 1cavity_tutorial.aedt - i Save I
Save as tppe: 1ANSYS Electronic: Desktop Project File [*.aed! vi Cancel 1
MeshSetupT ab
Message Manager 7
%
Save the active project 7 Hide O Messages | [~ Hide Progiess
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11: Perform Validation Check

Proudly Operated by Battelle Since 1965

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

[T ANSYS Electronics Desktop - cavity_tutorial - HESSDesignl - 3D Modeler - [cavity_tutorial - HFSSDesignd - Modeler] fel-a k=
5] File Edit View Project Draw Modeler [HFSS] Tools Window Help [ ][=][x]
¥ cut Undo | Select: Object Solutien Type... B a EH@ |\ V| 8 M i m™m @ 3| & - @Measure - FH Grid @ Model -
e acoey do (8 Select by Name List. 809 @Aalr s | F|E e A al =4 |E=Rie X - @y veaum -
™ (@8 Paste X Delete W% Walidation Check. BeR @ “ & | Akl ® N 8- units 3D - @& B wmatenal
Desktop  View | Draw | Model  simj B AncyeeAl N
Project Manager 2 x Submit Job.
- cavity_tutorial Bt hoes i )
- g HF55Design1 {Eigenmode) Toolkit 3 = = 3 . .
&  Conponents Walidation Check: cavity_tutorial - HFS5Designl @
@ Mockl 3D Model Editar
=B Boundaries Set Object Temperature.
BT cavity_wals Design Settings. i i
D xratrs o Design Settings
= BB Mesh Operations Model 3 H
= ; o HFSSDesignt o 30 Model
ﬁ Analysis Excitations r . . .
et v > ¥ Boundaries and Excitations
T Feld Overlsys Aralysis Setup ’ L o ;
23 osfricons Optimetics Anatysis » Y alidation Check completed, Mesh Dperations
P NN | oottt R o Analyziz Setup
Results ,
Bounday Dy e e « Optimetrics
Design Properties.. " Radiation
Ropabe k] Design Datasets...
Cloze

60 (cm)

Message Manager

Progress

[ Hide 0 Messages.

Perform validation check on design setup.
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12: Solve Model

Proudly Operated by Battelle Since 19

» Select HFSS > Analyze All

[T] AMS¥S Electronics Desktap - cavity.tutorial - HFSSDesign1 - 3D Modeler - [cavity_tutorial - HFSSDesignl - Modeler]
5] File Edit View Project Draw Modeler [HFSS) Tools Window Help

| I % Cut 9 Undo | Select: Object Solution Type.. 9 a EHO|\NY| D MijPm| | @ 8- @mesue - | 3 crid H @E Model M
53 Copy (%Redo | (B Select by Name List. leted @O (@ AL S Al =-| L | |c=Ruler ¥ - @y ewm -
& ‘alidation Check.., e R @ L | B - nits 3D - B G BB wMaterial
Desktop  View  Draw | Model  Sim Anshze onNn
Subrit Jab...

Project Manager 2 x s
= cavity_tutorial e X

£ g8 HFSSDesign1 (Eigenmode) Toolkit

& 3D Companents
o Model
=2 Boundaties
T cavity_walls
£ Excltations

T Field Overlays
-] Defiritions

Properties.

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

[ B8 Mesh Operations Model
B cavity Boundaries
£ anslyss Excitations
Optimetrics
Resuks Mesh Operations

Analysis Setup
Optirnetrics Analysis
Fields

Results

Boundary Display (Solver View)

Design Properties...

Design Datasets...

30 60 (cm)

Message Manager

Simulate all optimetrics and solution setups.

7] Hide OMessages || — HideFrogiess
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13: View Solution Data

» Select HFSS > Results> Solution Data

Pacific Northwest

5 File

H % Cut

53 Copy (¥ Redo

Edit ‘iews Project Draw  Model

‘) Undo  Select: Object

(8 Select by Nai
Save
(8 Paste X Delete

Desktop View Draw | Model

Project Manager 7
= cavity_tutorial®
£l g HFSSDesign1 (Figenmode)*
& 3D Companents
@ Model
£ Boundaties
L cavity_walls
£ Excltations
588 Mesh Operations
L HA cavity
B J Analysis
L g setupl

[ optimetrics

T Field Overlays
- Defiritions

ler

Window Help

AMIYE Electronics Desktop - cavity_tutorial - HFSSDesign1 - 30 Modeler - SOLVED - [cavity_tutorial - HFESDesignl - Modeler]
HFES | Tools

me

Simi

x

Properties. L

>

£
e

B

Solution Type..
List.

Validation Check...
Analyze Al
Submit Job..

Edit Notes..

Toolkit

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

Model
Boundaries
Excitations

Mesh Operations
Analysis Setup
Optimetrics Analysis
Fields

Results

Boundary Display (Solver View)

Design Properties...
Design Datasets.

Mame | Value [ Unit [ Evalusted Value

Hame Setupl
Enabled 2

Passes 12

Percent .. 0

MinFreq 540 MHz
Modes 3

DelaF 2

Ma Fiefin... 1000000

Use Max r

Basis Order 1

HFSS

Message Manager

=) caviy_tutarial (FHFSS_projects/ADM/ Tutarisl_2018/)

- HFS5Design! (Eigenmad)

Show the Solution Data dialog.

Create Eigenmode Parameters Report
Create Fields Report
Create Report From File...

Delete All Reports
Repart Templates

User Defined Solutions...

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

Link Qutput..,
Upsate Al Reports
Open &l Reports

Create Docurnent

Creste Quick Report..
Perform FFT on Report .
Perform TOR an Repart ..

=

Solution Data

Tune Reports ..

5]

Browse Solutions..
Clean Up Solutions.
Tmport Salutions...

Lpply Solved Variation...

>
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» Select Eigenmode Data tab to view modal frequencies and Q-factors
' 5| Solutions: cavity_tutarial - HFSSDesignl EI@

Simulation: |Setup1 j |Last.-’-'u:|a|:utive ﬂ
Design Yariation: |cavity_height='1[lﬂcm' cavity_rad="21cm’ J J

" Profile l Convergence  Eigenmode Data | tesh Statistics |

Solved Modes Export

Eigenmode | Frequency [GHz) 0]
TM010 Mode 1 0.546415 +) 4,451 22e-06 E1378.0
T|\/|011 Mode 2 0.56E601 + 5.31835e-06 h32625
TE Mode 3 0.614227 + 4. 31964e-06 F1096.3
113 -

Cloze
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13 : VI eW SO | U t I O n Dat a. Proudly Operated by Ballelle Since 1965

» Select Convergence tab to view adaptive pass information
’ B| Solutions: cavity_tutarial - HFSSDesignl EI@

Simulation: | Setupl j
Design Wariation: |cavity_height='1ﬂﬂcm' cavity_rad="21cm’ J J

"Profile  Convergence | Eigenmaode Data] Mesh Statiztics |

Mumber of Passes Pass Mumber | Solved Elements | Max Delta Freqg. 2

Completed & 1 izt TFES

Mamimum 12 2 3333 0033274
Mirimum 4 3 4336 0.018658
kaw Delta Freq. % 4 RE37 0.0712235

Tamget 2
Current 0012235

YWiew: ™ Table = Plat

Export...

COMYVERGED

Conzecutive Pasges
Target 1
Cumrent 3

Default Settings
Save Defaults Clear Defaults

Cloge

August 16, 2018 43




o

Pacific Northwest

13 : VI eW SO | u tl O n Data NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

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

2| Salutions: cavity_tutarial - HFSSDesignl EI
Simulation; ; Setupl ;I
Diesign W ariation: icavity_heighh"l 00cm' cavity_rad="21cm'’ ‘__j J

Profile 1 Eonvergencel Eigenmode Datai Meszh Statisticsi

Tazk 1 Real Time I CPU Time 1 tdemnory ] Information -
EigenSolver DCS23  00:00:03 00:00:58 374 M Diigk. = 357 KBuytes, matrix size 37606, matriy bandwidth 2
Field Recowvery 00:00:00 00:00:17 74 M Digk =1.26 MBytez, 3 computed eigenmodes

Adaptive Pagzes converged

Adaptive Meshing Elapzed time: 00:00:18

Simulation Summary:

Initial Mezhing Elapzed time: 00:00:02, total memony: 0.05606 GB

Adaptive Meshing Elapzed time: 00:00:18, total memorny: 03652 GB

Solution Process Elapzed time : 00:00:20 , Hfzz ComEngine Memory : 724 P
Tatal 000011 00:04:37 Time: 081472018 14:23:55, Statuz: Momal Completion | £

1

Export...

E |
Close i
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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

ANSYS Electronics Desktop - cavity_tutorial - HFSSDesignl - 3D Madeler - SOLVED - [cavity_tutorial - HFSSDesign1 - Modeler]
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14: View E-Field Phase Animation

Proudly Operated by Battelle Since 19

» Select Done to create plot of electric field magnitude

ANSYS Electronics Desktap - cavity._tutarial - HFSSDesign1 - 3D Madeler - SOLYED - [cavity tutorial - HFSSDesign1 - Modeler] =
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14: View E-Field Phase Animation

Proudly Operated by Battelle Since 1

» Right-click on Mag_E1 plot to animate phasor field

[T] ANSYS Electronics Desktop - cavity.tutorial - HFSSDesign1 - 3D Modeler - SOLVED - [cavity_tutorial - HFSSDesignl - Modeler]
p - cavity L ty. g
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15: View E-Field Vector Animation

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 19

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

AMNSVS Electranics Desktop - cavity_tutarial - HFSSDesign - 3D Madeler - SOLVED - [cavitytutarial - HFSSDesignl - Madeler] ==
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How to Activate Mode of Interest for Field

Pacific Northwest
NATIONAL LABORATORY

Plots and Calculations

Proudly Operated by Battelle Since 1965

Select HFSS > Fields > Edit Sources

AMIYE Electronics Desktop - cavity_tutorial - HFSSDesign1 - 30 Modeler - SOLVED - [cavity_tutorial - HFESDesignl - Modeler]

Draw  Modeler
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16: Calculate Form Factor

» Open field calculator using HFSS > Fields > Calculator

ANSYS Electronics Desktop - cavity_tutorial - HFSSDesignl - 2D Modeler - SOLVED - [cavity. tutorial - HFSSDesignl - Madeler] ] Fields Calulator (==
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16: Calculate Form Factor Assuming 7

Pacific Northwest

Uniform Z-directed Magnetic Field
» Must use integration by parts » Step 4: Calculate cavity volume
» Step 1: Calculate integral of real(E,) ® Number->1

B Quantity>E B Geometry > Volume > cavity

B Scal? > Scalarz B Integrate, Eval

B Complex > Real » Form factor = (147125°+1.82512) /

B Geometry > Volume > cavity (0.13854*225763387957) = 0.692

B Integrate, Eval

_ : : E . )

» Step 2: Calculate integral of imag(E,) ‘f AV.E. .2 |54 By Eamptv)

B Quantity > E Cg
B Scal? > Scalarz
B Complex >Imag
B Geometry > Volume > cavity
B Integrate, Eval
» Step 3: Calculate integral of |E|?
B Copy ComplexMag_E to stack
Push
Multiply (*)
Geometry > Volume > cavity
Integrate, Eval

TV [dV.|E.[2 ™ By*Vid xe®)|Emnp®)|

Can save operations as Named Expression
which can be evaluated in single step
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Cavity Simulation Results

» 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 61,378 0.02%
Form Factor 0.692 0.692 0.00%
_ ol
G = 20,
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