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HFSS 12.0 ANSYS

Experience the high-performance computing (HPC)
benefits of HFSS™ v12, the industry-standard simulation
tool for 3D fullwave electromagnetics.

AHFSS 12. 0 1 s a Dbfreguancyteleactramagnétic field
simulation, o0 said Zol Cendes, <ch
first time, engineers are able to solve vast electromagnetic field

problems with speed, efficiency
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HFSS 12: New Features

New Solver Technology

— 1, New Meshing
Integration with ANSYS
DesignXplorer
0.1
Improved GUI and Modeler
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NANSYS

New Solver Technology
Domain Decomposition



Simulating Large

A-35 Joint Strike Fighter: UHF blade antenna @ 350 MHz
A =18.61, V = 806)3
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Domain Decomposition

A Distributed memory parallel
solver technique

A Distributes mesh sub-
domains to network of
processors

A Significantly increases
simulation capacity

A Highly scalable to large
numbers of processors
A Automatic generation of
domains by mesh partitioning
I User friendly
I Load balance
A Hybrid iterative & direct solver

I Multi-frontal direct solver for
each sub-domain

I Sub-domains exchange
information iteratively via
Robinds trangg >
conditions (RTC) :
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18X Speed

-up with 15 Domains
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Results and Accuracy

A Consistent results between domain g
decomposition and direct solver

Horizontal Plane Directivity

Curve Info
- # Domain Decompasition

350MHz_DOM : LastAdaptive
Freq="0.35GHz' Theta="90ceq'

—— Direct Matrix Solver
350MHz_Direct : Lastidaptive
Freq="0.35GHz' Theta="30ceq’
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Humvee with Patch Antennas

ATwo L-band patch antennas
located on roof of Humvee

I Fed using TM20 mode to excite
monopole far-field pattern

ABounding airbox is 12.51 x 22\ X
8\ or 22003

6 domains Domain Solver

Total Memory 45 GB

Average Memory 0.75GB

1st order basis functions. Performed
8 passes to reach AS =0.02
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WLAN Access Point and Printer

A Wireless printer and router in typical office
environment

I 2.44 GHz solution frequency
A Room size is 25A\ x 25L x 22\ or 13750)3

A Solved on 16 core AMD Opteron
workstation

A Printer-to-router coupling: -57 dB

Tetrahedra 846k
Total Memory 32GB
Average Memory 2.0GB
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Domain Decomposition Example
Antenna Integration on Spacecraft
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Antenna Element Design

A Operating criteria
I 3-4 GHz frequency band
I 50 Q input impedance
A Axial mode helix selected as antenna
I Endfire radiation with moderate gain
I Right-hand circular polarization
I Wide bandwidth
I Simple feed
I High radiation efficiency
A Orthogonal support dielectric along helix

A Coax probe feed extends above antenna
ground plane

A Simulation with direct solver
T 200k unknowns in 1.2 GB

© 2008 ANSYS, Inc. All rights reserved. 12 ANSYS, Inc. Proprietary



Finite Array Model

A7-element array model with
finite ground plane
I Includes edge effects

I Includes mutual coupling
between elements

Curve Info
— dB(GainLHCP)
— dB(GainRHCP)

T"90 75 60 -45 -30 15 0 15 30 45 B0 75 90
Theta [deg]

Far-field Pattern for
Broadside Beam
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Installed Array on Spacecratft

A Good correlation with
Isolated array patterns

AL=78a V=31,000 a3

I 25M unknowns across 35
cores

A Recalibrate your expectations!

Installed Array Pattern

Amplitude (dBi)

0] 30
Theta [deg] r
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NANSYS

New Meshing Technology
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New Meshing Technology

HFSS 11 HFSS 12
(bottom up algorithm) (top down algorithm)

Surface Mesh Volume Mesh
|

Geometric healing or repair Volume mesh generation
(For model defects) |
Adapt mesh to conform to geometry
Conformal surface mesh generation

Surface mesh generation

Volume mesh generation

Volume Mesh Surface Mesh
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TAU Mesher

AMesh a higher percentage 7
AEffective on imported geometries P &
AHigher mesh quality N T
Afewer total elements }gﬁfgggm@ﬁk
Asmoother element transition ‘/‘%%ﬂ‘ﬂlﬂ#pﬁﬁ
AAutomatically healing and repair. =5 Em*iﬁ%ﬁ%ﬁ
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NANSYS

New Element Technology
Curvilinear Elements



Curvilinear Elements

A Most accurate solution to fields on

curved structures
A Mesh adapted about curved or <:>
true surfaces

A Element matrices computed using
the curved boundaries

A Reduces solution time and RAM
usage

I A smaller, coarser mesh
achieves equivalent accuracy

Rectilinear mesh element Curvilinear mesh element

RCS of perfect sphere versus Frequency

RCS {dBr}

Red i HFSS

Bluei Analytic Curve |

10 cm radius PEC sphere
solved from 0.040 - 2 GHz % 05 i 15 2

Frequency {GHz}
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SLAC Beam Former
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Resonator with Concentric

Spherical Dielectrics

A Fewer curvilinear elements yield | Faceting | f(GHz)

same accuracy as rectilinear 45¢| 875
I 88% fewer tetrahedra 30¢ 8.54
I Runs 16X faster 15e| 853
10e 8.40

gF=0.1% | Mesh | Time
7.5¢ 840

5 ¢ 8.39 10e rle®3k .| 16:40

22. 5e8.38 22.5 curv. | 6k [ 00:55

8.8
8.7
8.6
8.5

— Rectilinear
8.4

= Analytic

|l Wol ff, AA generalized dé&Xgcrijptijon jof [ the sjpherical
three-layer resonator with an anisotropic dielectric 8.2
ma t e rIkE& AR, Symp, June 1987, pp. 307-310

8.1
45 30 15 10 7.5 5
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NANSYS

New Element Technology
Mixed Element Orders
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Mixed Element Orders

49000 1400
42000 1200
35000 1000
28000 800 = \esh 1st
—&—Mesh Mixed
21000 600 =@=Memory Mixed
14000 400 —Memory 1st
7000 200 +
0 0
1 3 5 7 9 11 13 15 17
A Automatic localization of basis
functions
A Refinement via element size and
order
A Locally efficient use of computing
resources ,
Mixed-Order, 7:55, 0.985GB ‘L
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Log Periodic over EBG

Groundplane

A High geometric detail with large
homogeneous radiation volume

A Compare mixed order vs. 1st
order

T 28% reduction in solution time

I 29% reduction in memory

A Mixed order converges faster
I 12 passes vs. 14 passes
i Average order = 0.96 B==

.

AS11 @ 12 GHz i
i ast S11 = 0.86584
I Mixed S11=0.86511
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NANSYS

Introducing Adjoint Method
Based Deriviatives
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Adjoint Derivatives

A New Capability for sensitivity, tuning, and optimization

A Compute the derivatives of SYZ parameters with respect to project and
design variables

A Eliminates need to solve multiple variations with small differences and
numerical noise

I More efficient and more accurate
A Provides real-time tuning of reports to explore effects of small design changes
A Improves derivative-based optimization methods

Sensitivity Analysis of S-parameters Including Port Variations Using
the Transfinite Element Method

L. Vardapetyan, J. Manges, and Z. Cendes

Ansoft Corporation, Pittsburgh, Pennsylvania 15219, USA

2008 IEEE MTT-S Digest, pp. 527-530
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Sensitivity of |S11|, Combline Filter

10000 - /r 0
— 5000 \ ----- I 10
E ~
[ p +-20 m
Ri - 0 T
5 30 —
kﬂf o \\
1 o 5000 A v o
Ri 2 \\v L g0
0
© 10000 0
G1li gap between center
tuner and resonator '15000 rrrrrrrrrrrrrrrrrrrirrr T i r TN TETTTTd '60 —l—d|S]_1|_dR|
9 & \» O O H ’1/ D \0 0 0
v » o ’\ Q % &N 0 R0
G2i gap between off-center KX o KX %\9 ¥ NERAW '\9\,’ dS11] dG1
tuners and resonators ——d[S11] dG2
freq [GHz] —[511)

Ri T inner radius of coax feed

Note: for sensitivity with respect  This filter design is: \
to Ri, ports are involved .- :
P - Most sensitive to change in gap G2
- Least sensitive to change in coax radius R
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Local Derivatives Speed

Optimization

A Goal: Minimize reflection in

calculation of response surface

11111

waveguide quarter wave .. \;ﬂ ‘ A
transformer V Uwﬁ N,
A SNLP optimizer uses derivative W 'Wm
information to speed-up . M f" ]
i ‘!

5 -q;a-
—

\'"lll Ui Am

Example Optimization without Derivatives

12308 -
'

nnnnn

Example Optimization with Derivatives
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SMA launch

A SMA launch is typical multi-variable design problem Hone Vol
yad_antipad_sig_rest iR il
A Design variables: T
I length, radius of via stub, radius of antipads, radius |7 e
of signal pads, radius & antipad of ground via gndiaditance 00 i
gndviaradiue g mil
A Solve for the derivatives of many variables at once aneiaenipas —

Nominal Values for
Design Variables

Solution Setup

General I] Dptionsl Advanced] Expression Cache Derivatives l Defaultsl

Produce Derivatives for these variables

Mame |

ghdviaantipad
ghdviadiztance
gndviaradiug
length_signal
rad_antipad_sig_lay11
rad_antipad_sig_rest

rad_zignal

RUEUEIC I i U

rad_signalpad

Specify Desired Derivatives
in Solution Setup
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Real -Time Tuning with Analytical

Derivatives

A Real-time tuning shows effects of
small changes on S-parameters

o
T -
& Report: modal - HESSModel1 - XY Plot 1 - dB(S(WavePort1,WavePort1)) z
£
‘izt Trace lFamiIies ] Farnilies Display ] § K
Solution: ) @
|Setup1 + Sweepl j Primary Sweep: |Freq j |AII
Domain:
|Swee|:| j bt v Default |
Dietivative: |AII j
i |dB(TuneS(WaveP0rtl,WavePortIJAII)),' dB(Tunes(WavePortZ, WavePort1, AlY)

Category:

I

New Derivative
Context in
Report Editor

Report Tuning,

Tune ¥ Parameters
Tune 2 Parameters
Tune 2o Parameters

Offsets -0
gndviaantipad length_signal _antipad_sig_la" |_antipad_sig_re rad_signal rad_signalpad % 1

{ mil ) { mil ) o o { mil ) £ mil ) E |
[1 [1 [1 [1 [1 [1 ]

| | | | | | »

I I I I I T
|o o o |o o o
E K E E K E Quickly Explore Effects of Small

Changes on S-parameters
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NANSYS

Improved GUI and Modeler
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Post -Processing Variables

A New type of variable whose value
can be modified without re-

Scaling Factor Offzet Phasze

{1

S|mU|at|ng mOdel u:u:us[EDdeg]]Ataper 2.5"|:|ﬂ

. . . [coz[30deq)] "taper 1.5%affzet

A Optimize complex weights of fcos(10deg] taper  0.offset
antenna elements in phased array fcos(10deg) taper  05ofset

. . . . . [coz(30deq)] “taper -1.5%offzet

I Optimize for side-lobe location (cosiS0degMtaper -2, 5affset
and maln beam peak [cos(FOdeqg]) “taper -3 5eoffset

Optimization of Phased Array Excitations

15
Setup Optimization ]
] N Yalue| Unit
Goals l\u"ariables] General] Dptions] 10 ] ane | aue| n
1 [taper 2.2
Optimizer: ||gEE R 5 _: offzet 38,12 deg
Max. Ma. of lterations:  [100 E
Coszt Function: /E):
Q 4
Calculation | Calc. Context | Calc. Range | Eondition| ﬁ_@l | Wi 1 E 53
dB(DirT otal) YZ_out T heta[22deg), Phi(30deg) Freq(10GHz] | = 13] [1] o ]
|Sidelobe[dB 1 Onormalize(DirT atal]] W2 _cut Theta[-SDdeg,-SSdeg,...,SDdeg],F'hi[SDdeg],Freq[‘IDGHZ] <= [-24] Tkl E 10
-15 4
20
90 50 0 60 20
P 5 Theta [deg]
Setup Calculstions. Synthesized Far-field Pattern
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Convergence Based on Multiple

Output Variables

A Evaluate and save multiple
expressions vs. adaptive pass

I Includes SYZ parameters,
local, near and far field

I Fully integrated with reporter
and Optimetrics

Multiphs Convargencs Criteria

© 2008 ANSYS, Inc. All rights reserved.
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Solution Setup

General] Elptiuns] Advanced  Expression Cache l Derivativesl Defaults]

Title | Exprezzion | Contest | Intrinzics | Convergence |
E_Stepl E_Stepl Maone F'hase='[lu:leg'| Maone |
[ E_Step2 E_Step2 MHone F'haae='|:|deg'| Mone |
N E_Step3 E_Step3 Maone F'hase='[lu:leg'| Maone |
" |E_Steps E_Stepd Mone  Phase="deq! Mone |
N E_Steph E_Steph Maone F'hase='[lu:leg'| Maone |
N Powertfaveguidel Powerw aveguide Mone F'hase='[lu:leg'| 1% |
[ H_'wWaveGuidel H_'“aveGuide Mone F'hase='[ldeg'| 1% |
Add .. Femove Al

o |

Cancel
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Clip Plane Viewing

AProject preview open %

Look i |1 Al - & of 63 oo nsalt HFSE 12 Fil
I Image and notes 2, S 3‘”’ el
available in File Open @ S 'j' i T
{ plerer 1| |-"..--..r» @plznar_pifahf
I Image available in "= w & Lirit i E
Windows Explorer 8 g poun el
L g ¥ Jvege |Motes
Homerk.  Flu ..-Ic @ Sobvedd! ho

AClip plane

I Interactively slice
through arbitrary plane [Sciip planes: circular_h...p4

I Can VIeW mOdeI - lz::o:s l| Enabled|ShowCap|5hDWHand|B|F|iD|
geometry, mesh plots, | o= [~ ~ L
field plots, etc.
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Select by Area Mode

Design Settings A

A Enable material override —
III C 0 n d u Cto rS Ove r ri d e This option allows some intersections ko be resolved automatically in the mesh.

IF metal intersects dielectric, the metal will averride the dielectric in the region of
overlap, If objects with the same material intersect, the smaller object will override

d i e | e Ct r i CS the larger. all other intersections will be treated as errors.

T Smal Ier Ob J ects ove rride v Enable material override:
larger objects with same Mt
material [ o ]_coe

I Avoids need for explicit
subtractions

A Select objects by area

i Click and drag to rubber-band
select

I Right-to-left selects all objects
passing through window

I Left-to-right selects all objects
inside window
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Overlay Far Field Plots on Model

AVisualize radiation patterns on model geometry
I Control transparency and/or size of pattern overlay
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Array Variables

Supported at

¢ VYaue Uptrizahon Tuning Sensimly ishshics .
design level only
Name A Unit _,,gf'i“""-“ Vale Descriplion v Reat
[ 1" Z"Ev:.:[.-rl“ 'rcn‘:l
5 )
s n werced (o n b 4
a
—

Add

Assign array S
variable to T —
Material property

Type
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New Modeling Commands

AModel er/ Chamfer (Fil

AFillets and
Chamfers on
2D objects

ASheet wrapping

ASheet and body
Imprinting with
projection
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Streamline plots

Create Field Plot
[ Specify Name Fislds Caloulstor .. |

I Specity Folder ,—_| Category: | Standard b
Dezign: HFSSDesignd Guantity I Walume
Mag E Tee
Solution: |Setupl : Lastidaptive Complextdag_E All0bjects
“Wector_E
hag H
Field Type: Complextdag H
“Wector_H
b ag_Jauf
Intrinsic ¥ ariables Complextag_Jsurf
“Wector_Jsurf
Mag_Jwvol
Freq |10GHz > Complextdag_Jvol
Wector_Jwal
Phase |0deq - o Pl
Local SAR
Awerage SAR
Save ts Default Surface_Lozs_Dengity
Wolume_Loszs_Densit -

Done | Lancel
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NANSYS

Integration with ANSYS
DesignXplorer
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ANSYS DesignXplorer in R12.1

and HFSS 12.0

Transition

WR137
v

EuEEoc|t[=/2[E

= JF Analpsis
+- S 11GHz
+ ;3_(’ 11GHz_wDerivatives
+ ﬁ 11GHz_wE #pressionCache
+ Fesults

+ Port Fiel| add =1 paramettic...
TGy Field Oy Analyze | #=1 Parametric From File...
;'.H.a.dlatlo "¢s Tuning... 2 Optimization. ..
+-[_] Definitions ar

=% Sensitivity. ..

L
g1 Statistical...

|A, Design Kplorer SREup. .
My
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DX 0 Response Surface

A\ HFSSModel2_r12 - Workbench
File Edit View Tools Units Help
__’]New (£ Open... (= save ﬂ,Save As... ‘ Reconnect & Refresh Project -/ Update Project é]lmport... eview Re e Surface (S54) / Update Response Surface (SSA) ;@Rewn to Project

S 8l Properties of Outline A14: Response 3

A B @ D E

No toolbox it licabl | | = | = |
? ﬂt))ro mixclufrn;ta ;;255;: = Name P{ -ijfldth v | 7P2 - Slength "vi 7P73 & she:ght vr "P4 -Data_Table_1_freq v | P5-Data_Table_1_mag_s

Response Point : | 7.88 ] 8 | 0.0082613

Number of Points on X

Number of Points onY

P1 - $width

P3 - sheight
PS5 - Data_Table_...

P1- Swidth
PS5 - Data_Table_1_mag_s_waveport]l_waveportl_

P2 - slength 0.06

0.05
P3 - Sheight

P4 -Data_Table_1_freq

P5-Data_Table_1_mag_s_waveportl_waveportl_ | 0.0082613

THodanem THodasem™ s Bew T 2|qel ejeq - od

‘ T View All / Customize...

I\_ Outline of SchematicB3: Response Surface (S54)
@ Ready |1 Show Progress H 4 Show 19 Messages ‘
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DX & Robust Design (DOE) NANSYS
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