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Agenda

• EM tools overview
• When to use EM analysis
• Application examples: Filters
• The importance of meshing
• Including discrete components in the EM model
• Output from EM analysis: S-params and extracted models
• More application examples
• Framework integration
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What can we do with
High Frequency Electromagnetic Software?

• Analyze and optimize critical layouts
• Virtual prototyping, fast and cost efficient
• More accurate and more flexible than traditional

circuit simulator models
• "See" the high frequency currents & fields
• Simulate layouts that are difficult to measure,

with any number of ports
• What-if studies for geometries & materials
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EM Analysis Approaches

2D Cross Section EM 3D Planar EM
sometimes called "2.5D"

3D Arbitrary Analysis
sometimes called "Full 3D"

Very fast.
Easy to use.
Easy to automate.
Constant cross section only.

Complete EM solution,
specialized for planar models.
Very accurate method.
Accurate wideband loss models.
Medium complexity, easy to learn.
User interface optimized for
planar work (PCB, RFIC).
Very good integration into
design frameworks.

Very general EM solution for
arbitrary geometries.
Nice 3D editors, but user interface
not optimized for planar work.
Solver method and ports not
optimized for planar work.
Much experience needed to get
highly accuracy results.
Very limited integration into
design frameworks



5© 2011 Dr. Mühlhaus Consulting & Software GmbH

Typical EM Application:
Dense layouts, parasitic coupling
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Typical EM Application:
No simple models available
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Packaged Filter

sweep d_air

Study influence of
package on filter
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UWB Filter with Vias

Based on:
IEEE Microwave Magazine,
June2010, page 59

• Accurate 3D modelling of the
via is required here

• Simple sheet via or wire models
are not approriate
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Coupled Line Filter

• Fine mesh with accurate
representation of the edge
coupling is required

• It is not sufficient to sample
the exact gap size, we also
need fine mesh at the gap
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Meshing
Why we do we care?
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The Mesh Matters!
Most accurate (Sonnet default)

Coarse, no edge mesh

Current and
charge at the edge

has not enough
detail because of the

coarse mesh
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The Mesh Matters!
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Mesh Density per Polygon

The Speed/Memory setting is global for
the complete model.
If needed, we can also set the mesh density
individually in the polygon properties.
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Sonnet Mesh Summary

• The mesh is extremely important to get accurate results
• Sonnet meshing default puts fine mesh at edges and

discontinuities, and bigger subsections inside
• User can switch to reduced mesh density if needed.
• For maximum flexibility, mesh can also be set

individually per polygon
• This can be useful for ground planes or

layout areas known as not important
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Discrete Components in Sonnet

different terminal width
options available
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Mixed Design: Layout and SMD

• Current density with
components included

• This requires components
included in the EM model
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Mixed Design: Layout and SMD

Include measured data instead
of ideal components, for more
realistic results
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Amplifier with Components

Power FET
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Amplifier with Components

measured data
in Touchstone *.s2p
format
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Ports with Global or Local Ground

These ports can have global or local ground reference.

ideal series elements

FET pins are all connected to
polygons (“floating source“),
there is no direct path to
global ground.
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Components with Local Ground Node

FET pins which are all connected
to polygons (“floating source“),
there is no direct path to global
ground.

To insert a *.s2p data block, the
ground pins are explicitely
connected to the polygons.

thin film
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Co-calibrated Internal Ports

Multiple Perfectly Calibrated
Internal Ports make it possible to
simulate everything but the
transistor, capturing all passive
circuit cross-coupling and other
physical effects
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Co-Calibrated Internal Ports

De-embedding error in |S11| and cross-terms for each line lower than < -200 dB
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Feedlines de-embedded from result
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Output from EM
S-Params and extracted models
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Example:Interdigital Capacitor

This is a "capacitor" used in the lowpass example shown before.
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S-Parameter Export
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Pi Model Export

* Spice Data
* Limits: C>0.01pF L<100.0nH R<1000.0Ohms
K>0.01

* Analysis frequencies: 50.0, 60.0 MHz
.subckt SON4_0 1 2 GND
C_C1 1 GND 0.186163pf
C_C2 1 2 0.283703pf
C_C3 2 GND 0.18565pf
.ends SON4_0

* Analysis frequencies: 60.0, 70.0 MHz
.subckt SON4_1 1 2 GND
C_C1 1 GND 0.186164pf
C_C2 1 2 0.283734pf
C_C3 2 GND 0.185652pf
.ends SON4_1

* Analysis frequencies: 70.0, 80.0 MHz
.subckt SON4_2 1 2 GND
C_C1 1 GND 0.18617pf
C_C2 1 2 0.28377pf
C_C3 2 GND 0.18566pf
.ends SON4_2

…

Cser=0.28pF
1

2

CGND=0.19pF

CGND=0.19pF
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Equations in Data Display

„Capacitance 2“ equation:
Equivalent series C between
port 1 and 2


