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Agilent EEsof EDA: Design Flows and Products
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Warning! Electromagnetism Ahead!
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It's Worth Thinking “Electromagnetically”

“Why Johnny Can't Design a High-Speed Digital System” by Dr. Howard W. Johnson
http://www.sigcon.com/Pubs/misc/WhyJohnny.pdf




A Quick Review of Maxwell’'s EM Field Equations
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How Does Pith Ball 1 “Know” Pith Ball 2 Is There?
Faraday’s ldea: Intermediary is “Field”
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Similarly B Field Intermediates Magnetostatic
Force Due To Moving Charge
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Field

Field: an expanse of open or
cleared ground, esp. a piece of
land suitable or used for
pasture or tillage.

Physics. the influence of some
agent, as electricity or
gravitation, considered as
existing at all points in space
and defined by the force it
would exert on an object
placed at any point in space.
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Electricity and Magnetism are Coupled:
1) Faraday’'s Law

« Static charge isn’t the only thing that generates E field:
A changing B field also generates E

» Note that the (electrostatic) concept of voltage is no longer valid because
curl E is now non-zero A dB

dt
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Electricity and Magnetism are Coupled:
2) Maxwell Modifies Ampere’s Law With a

“Displacement Current”

» Moving charge isn’t the only thing that generates B field:
A changing E field also generates B

» Consider ramping the voltage across a capacitor with a constant current
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Electromagnetic Wave on a Staggered Grid:
The Yee Cell

E vector discretized on centers of the cell edges of a cubic grid
B vectors discretized on center of the cube faces of same cubic grid




E M SI mu l atl on 3D arbitrary structures
Technologies Full wave

Electrically large problems
Time domain
EM simul each port

FEM
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3D multilayer structures+

Full wave and quasi-static
Dense & compressed solvers
Frequency domain

3D arbitrary structures
Full wave

Direct and iterative solvers
Frequency domain

Multiport simulation in one pass Multiport simulation in one pass
High Q High Q
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ADS with Momentum for 3D Planar EM (Multilayer)

ADS

Import and draw
schematics and
multilayer structures

Momentum Simulator
3D Planar EM
Method of Moments
Multilayer Structures+

“Momentum is great for multilayered
structures like PCBs and IC packages. But
what about arbitrary 3D geometries like
connectors, ball grid array breakouts,
dielectric bricks, bond wires, shields,...?”




EMPro Adds EM for Arbitrary 3D Structures to ADS

Design Flows
ADS E MPI’O Import andsterm?eDS

Import and draw Parameterized
schematics and 3D EM Components

multilayer structures

ADS Layout Export

——

I Direct Simulation: No Export Required I

Momentum Simulator FEM Simulator FDTD Simulator
3D Planar EM 3DEM 3DEM
Method of Moments Finite Element Method Finite Difference, Time Domain
Multilayer Structures+ Arbitrary Structures Arbitrary Structures




Electromagnetic Simulation Flow in EMPro (1)

Geometry Modeling Port / Feed Grid / Meshing
Start
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Electromagnetic Simulation Flow in EMPro (2)

Sensors

Simulation Setup

> Sensors
* Intemd Ports

Near Field Sensors
» Far Zone Sensors
» Far-Zone Sensor

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

» Far-Zone Cut Theta=
» Far-Zone Cut Phi=90

Post-Processing
Done

SH#
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Use #1: Interpolation

Measure Where You Can’t Conveniently Place A

Probe

“Measure”
here

Channel Element
Removal

Examples:
Test Fixtures
Cables
Connectors
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Use #2 Extrapolation: “What if...?”
Measure Things That Haven’t Been Built Yet

S-param :
model from !.........: :
geometry  eeeeereennnndt
and EM :

1) Validate ADS and EMPro models versus actual measurement on existing
physical set ups
2) ADS and EMPro models and data displays act as “virtual” sources, channels,
and sinks for rapid “What if...?” design space exploration

- No need to build lots of physical prototypes
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Case study: Episode #13
from our “EM Insights”

series:
Simulation of
DGS (Defected Ground Structure)

Agilent EEsof EDA
December 2009
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Application Overview

DGS Technology

An intentionally designed “defect” on the ground plane provides additional effective inductive and
capacitive component that makes microstrip line with a higher impedance, band rejections, and
a slow-wave characteristic . Due to these natures with the defects on the ground structure
(DGS), the resulting microstrip structure can be significantly reduced compared to the size of
conventional designs

Potential Applications and Markets

RF/MW filters, dividers, matching networks, power amplifiers, etc
High Speed digital design, package designs

A/D, Laminate/LTCC/Module design engineers

EM product used
EMPro FEM and EMPro FDTD
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Design Challenges

Design Challenges

There are no circuit models available for DGS in commercially available design tools. The design
and modeling of DGS are almost completely depending on EM simulations. Since the design
perturbations are incorporated into the ground plane structure, designers can not assume ideal
or perfect ground based EM simulations any longer .

Problem Solved

Designers can now accurately predict the performance of DGS with the comprehensive EMPro
3D EM simulator, both for frequency and time domain simulations within a single design
environment

Value Delivered
Increased simulation accuracy with completely 3D EM simulations

Minimized design translations between multiple design tools
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Spiral DGS Array Structure

Defects on
Ground Plane
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Case #1: Spiral DGS Array, Insertion Loss Result
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Electric Field Plot (FEM)

Electric Field Trapped By DGS at 1.985GHz

Ground Return
at 3.36GHz
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Comparison with Measured Data

Measurements were performed

using Agilent DCA-J 2 10 bit pattern

from signal generator ADS Channel Simulator, Bit-
bit mode (PRBS 2 19

Overlaid plot of Measurement and

! oy o
simulated data for (2 1) bit pattern ADS Channel Simulator, Statistical

mode (infinitely long bit sequence)
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Comparison with Measured Data

Measured eye diagram with four
tap FFE equalizer

Tyco Backplane

Simulated eye diagram with four
tap FFE equalizer using statistical Comparison of measured and
simulator simulated data
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Summary

* Modern EDA tools make it easy to build s-parameter models from
geometry and electromagnetic simulation

» These models let you:
— Probe in a convenient place and measure inaccessible place
— Explore the design space by varying a simulated “virtual geometry”

» Validate baseline simulation against actual measurements on a physical
prototype that does exist




FREE! Invitation to Evaluate ADS and EMPro

Short cut to the EEsof part of Agilent.com: http://eesof.com




