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Which EM Analysis
Should 1 Use???

Make the right choice and win big time!
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BONNET What's It To Me?

e Wrong choice has big down side:
— Structure can not be analyzed.
— Structure takes 10X to 1000X longer to analyze.
— After fabrication find out you have the wrong answer.

e Multiple EM tools are required (this is not optional!) for a
large range of problems.

e You can’t play golf well with just one club and you can’t
do EM analysis well with just one EM tool!
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L . . .
s - Dimensionality

e 3-D arbitrary: Any
shape metal, any
shape dielectric.

— Meshes entire volume.
— Limited only by
problem size.

— Use when specialized
tools fail or are
unavailable.
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BOMMET Dimensionality

e 3-D planar: Mostly planar
metal (vias allowed), mostly Meshes Metal
planar dielectric (small
volumes of different dielectric
allowed).

— Specialized for planar circuits, )
do not use for completely
arbitrary structures.

— Meshes only metal of circuit. 7

1] Vias
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BONNET Dimensionality

e 2.5-D Planar: Same as 3-
D planar, but no vias

Z

allowed.

— 3-D fields, but only 2-D 7
current.

— Often confused with 3-D % 0 Vias
planar.

e 2-D: Infinite lengths of
waveguide, etc.
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BonmET 3-D Arbitrary/Ansoft

« Finite Elements.

e Commercial product:
Ansoft HFSS™.

» Divides entire volume into
tetrahedra (only metal
tetrahedra shown here).

e Frequency domain analysis.
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BOMNMET Ansoft Advantages

e Completely arbitrary
structures.

e Refines mesh as
needed (odd mode
refinement shown).

e Most widely used.

©2005 Sonnet Software, Inc. RS LS el L
www.sonnetsoftware.com | Fedon e e @ Tes |

10
Ansoft HFSS

4 odd

odd
4 odd

even even

2 4
Ansoft HFSS
Ansoft HFSS



BOMNMNET

Ansoft Disadvantages

e Tetrahedra do not
represent linear
current flow well.

e Volume meshing
inefficient for planar

circuits.

©2005 Sonnet Software, Inc.
www.sonnetsoftware.com

ELELTT AT P

B RTE T

10



BONNET 3-D Arbitrary/CST

e Finite Integration
Technique.

e Commercial Product: CST
Microwave Studio®.

e Rectangular volume mesh.

e Time domain analysis,
yields broad band
frequency data.
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BOMMET

CST Advantages

e Automatic expert
system based meshing.

e Curved surfaces not
restricted by mesh.

e Broad band data
available.

e Linear current flow well

represented.

Curved surface

easily

©2005 Sonnet Software, Inc.
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BONMNET CST Disadvantages

e Large number of
ports can require
long analysis time.

e Volume mesh
inefficient for
planar circuits.
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BonNET 3-D Planar

e Meshes only surface of
metal of circuit.

e Two kinds of 3-D planar:
— Unshielded.

— Shielded. ;g ?
= Both kinds use Method-of-
Moments. &
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BONMET 3-D Planar/Agilent

Unshielded, no box.

Commercial product:
Agilent EEsof EDA’s
Momentum.

Rectangular, triangular,
polygonal surface mesh.

Frequency domain.
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BONNET 3-D Planar/Agilent

e Divide surface of metal into N subsections.
e Calculate coupling between subsections.
e This coupling fills an NxN matrix.

e |Invert matrix for current distribution and S-
parameters.

e Unshielded analysis requires use of numerical
integration.
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BoMNET Agilent Advantages

e Numerical integration allows use of arbitrary rectangle,
triangle, and polygon subsections.

e Large arbitrary subsections easily subsection large
arbitrary metal areas.

e Unshielded analysis natural for antennas.

« Slot type subsections useful for circuits having large metal
surface area.

 Hollow tube model for thick metal.
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BomneT Agilent Disadvantages

e Tends to be slow for more than a few layers.
e Tends to be slow for > 2000 subsections.

e Error/dynamic range can be a problem for large
number of small subsections.

e Very slow when used in shielded mode (circuit
contained in conducting box).

e Hollow tube thick metal model inappropriate at
lower frequencies.
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BOMMNET 3-D Planar/Sonnet

« Circuit inside shielding
box.

e Commercial product:
SONNET®.

e Rectangular, triangular,
and conformal surface
mesh.

e Frequency domain.

\ f

Conformal Mesh Regular Mesh

U. S. Patent No. 6,163,762
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BONMNET 3-D Planar/Sonnet

e Sonnet uses 2-D FFT to calculate coupling between
subsections.

e Extremely accurate (no numerical integration).
e However, requires fine underlying rectangular FFT mesh.

e FFT mesh can easily be 1024x1024, i.e., cell size same as a
computer screen pixel size.

e Tiny FFT cells merged into larger rectangular and conformal

subsections.
©2005 Sonnet Software, Inc. B LELTY PPt TP
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BoMET 3-D Planar/Sonnet

e Tiny FFT cells cause

staircase. \
e FFT cells merged into .

larger rectangular
subsections.

e FFT cells merged into
large conformal
subsections (which
automatically include hi
edge current).

©2005 Sonnet Software, Inc. B L Lo S e il B LT
www.sonnetsoftware.com o TeE |

FFT

FFT

10

FFT

19



BONMNET Sonnet Advantages

e FFT yields highest possible accuracy and dynamic range.

e Lots of large and/or small subsections no problem (20,000
subsections is reasonable).

e Conformal meshing perfect for curving lines, includes high
edge current.

e Large number of layers no problem.

« Dielectric bricks allow small volumes of different dielectric.

« Multi-sheet model of metal thickness.
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BOMMET

Sonnet Disadvantages

should not be done.

©2005 Sonnet Software, Inc.
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FFT mesh requires staircase edges (unless
triangle subsections invoked).

Care must be taken with patch antennas.
Planar antennas with radiation toward horizon

Circuits with large metal surface area can be slow.
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BOMNMNET The ldeal EM Tool Set

e Use Ansoft HFSS™ for 3-D arbitrary frequency domain
analysis.

e Use CST Microwave Studio® for 3-D arbitrary time
domain/wide band frequency domain analysis.

e Use Agilent EEsof EDA’s Momentum for unshielded
numerical integration based planar analysis.

e Use SONNET® for shielded FFT based planar analysis.
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BorneT The Ideal Framework

e Agilent EEsof EDA’s ADS has extensive interface to all but Ansoft (Ansoft
interface via files).

— Has most capability, but highest learning curve.
 AWR Microwave Office® has open COM based EM interface.
— Interfaces to Sonnet and many others.
— Easy to learn, very easy
e Agilent Eagleware-Elanix GENESYS™
— Interfaces to Sonnet.
— Easy to learn, excellent synthesis.
e Cadence® Virtuoso®
— Interfaces to Sonnet and many others..
— Requires dedicated training, very flexible
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BONNET Conclusion

e Four tools from four vendors (Ansoft, CST, Agilent, Sonnet)
required and recommended for a full “Dream Team” EM tool
set.

e Each tool has advantages and disadvantages.

e Very important to select the right tool (or combination of
tools) for each problem.

e Very important that these tools all interface to a solid,
proven, stable high frequency EDA framework.
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Sonnet Suites PC Windows

2005/10/4

Lite/LitePlus Level2/3 Suites Professional Suites
Lite LitePlus Basic Anntena Silver Antenna Gold Antenna Standalone Server Team
Suite $4,495 $8,495 $12,495 $18,000 $22,000  $45,000
16MB 32MB 64MB 128MB 256MB
2 2 3
ABS o o o o o o o o
Conformal Mesh - - - - - o o o
- - - - o (0] (0]
o o o o o o o o (2cpu)
em - - - - - = $19,500  $18,500
remoteem - - - - - - o o
emcluster - - - - - - - $5,000
Xgeom (0] (0] o o o o 0]
xgeom site - - - - - = $3,500 o
emgraph o o o o o o o o
emvu o o o o o $4,750 $5,900 $5,900
patvu - - o o o $2,500 $3,125 $3,125
bbextract - - - - - $3,250 $3,500 $3,500
- - - - - o (0] (0]
dxfgeo - o o o o o o o
mwoint o o - - - $1,250 $5,000 $5,000
1 - - $675 $975 $1,275 1
2 - - $1,125 $1,625 $2,125 15%
= $495 $990 $990 $1,485 $1,485 $2,475 $4,950
Suites
Lite/LitePlus
Level2/3
Professional Unix EWS Linux
Agilent Cadence
Standalone PC
Server PC
Team
Emcluster
Sonnet Lite
1 2
ABS
Conformal Mesh
em Sonnet
em
remoteem
emcluster Sonnet Platform Computing LSF
Windows XP Professional
xgeom
xgeom site
emgraph S2P  CSV
emvu csv
patvu
bbextract SPICE 13MHz RFID
gds GDS
dxfgeo DXF
mwoint AWR Microwave Office AWR Sonnet
1) )

Level2/3Suites
Level2/3 Suites
15%

Professional Suites

o

$1,000

tel:043-463-6663

Professional Suites
Professional Suites

TTS
50%

Suite
Suite
Suite

Professional Suite

http://www.sonnetsoftware.co.jp/



CD-ROM

SonnetLitePlus
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