Patch Antenna Miniaturization
through the use of

Genetic Algorithms
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Application Workshops for High-Performance Design



Objective

Miniaturization

A Lowest Frequency
A High Efficiency
A Smallest Physical Volume




Test Case

Patch Miniaturization

Goal - In a given Area, Minimize resonant frequency while:

A Achieve high efficiency (no lossy materials)
A Achieve well behaved patterns (symmetric patterns, good CX)
A Achieve good matching (for 50Q)




Patch Miniaturization

Two approaches

A Traditional designs based on modal expansion
(open loop)

A Synthesis based on statistical methods
(optimization)




Deterministic vs. Statistical Optimizers

Parameter Deterministic Statistical
Optimizers Optimizers
Convergence Guaranteed if solution Not guaranteed
exists in the searching
space
Convergence to Dependent on initial Less sensitive to local
the best solution guess, sensitive to local minima
minima,
Computational Better Good
efficiency
Good initial guess Required Not necessary




Genetic Algorithms
A An evolutionary based optimization/search
routine
A Applications:
A Engineering
A Biomedical
A Computer science
A Attempts replication of natural processes
A Searches for optimal solutions
A “Survival of the fittest”

A Optimization routine of choice
A Among current research community




Genetic Algorithm Terminology

A Individual
& Generation
A Fithess

A Generation




Genetic Algorithm Flowchart

Initialization of
First Generation

Create New
Generation

Test Individuals
iIn Generation
for Fithess

‘ Done\

Reproduce
(Crossover
and/or
Mutation)

Select
Individuals for
Reproduction




GA VBS

A A Genetic Algorithm (GA) implementation
A VBScript based

A Based on FORTRAN program

A A generalized optimization routine
A User determines implementation and usage




GA - Initialization

A Individual
A A potential solution to the problem being optimized

A  Generation

A A group of solutions “competing” to reproduce and
pass on traits to the next generation

A First generation Individuals
A Chosen at random

A Individuals

A Represented as binary strings
A Similar to chromosomes

A Easier combination when mating
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GA - Fithess

A Each individual
A Tested for fithess
A Fitnhess criteria

A Determined by the user Fithess — a measure of the
) proximity of the individual results

to the overall design goal
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GA - Selection

A Individuals selected to reproduce
A Traits passed on

A Several techniques to select best mates

A Natural
A Roulette, Tournament

A Artificial
A Truncation

A Selected Individuals become Parents
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GA - Reproduction

A Crossover

A Recombination of parental binary string
A Creates child string

A Passes best traits to next generation
A Mutation

A Introduces random changes
A Into child binary string

A Prevents repeated mating
A From converging to a single Individual
A Genetic diversity
A Can introduce desired traits
A May not have been present in initial generation
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GA — New Generation

A  Form new generation
A From Children of previous generation

A Elitism

A Select Best individual from previous generation

A Part of new generation
A Randomly inserted

A Guarantees that “best” solution 1s never lost

A Repeat process
A As many times as desired
A Locate optimal design
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Original Patch Antenna

A Perpendicular Probe Feed

A kg/Z X kg/2 at 3 GHz \
A 62 mil Duroid \§
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Symmetry

Asymmetric Patch Symmetric Patch
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Genetic Algorithm GUI

A Runs genetic algorithm
A Interfaces with Designer

w. TPAC Genetic Algorithm G =|o| x|
Bits I 9 Project |Patch Antenna GA |
r . Design |Patch Analysis |
[T Seed

[~ Resume previous Iterations | 1

[ Debug Maode n Value
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Component Detalls

A Scripted footprint

A Footprint reads data from file
A "Bit" data read from file

A "Input_Designer.txt"

A Seriesof O'sand 1's
A "Transitional" property used —

A Change to notify of geometry change




21

Component Properties

\ Fully parameterized patch

Properties: Patch Antenna GA - Patch Analysis - Patch Anal ﬂ

Parameter Values IGeneraIl Footprint| LayoutDispIaysl
Port1 @ Value (~ Optimization (" Tuning ~ Sensitivity (~ Statistics

Name | Value | Unit | Evalu «
| |DummyVar dummy 0.1223
|__|FeedPatch 1 1
I n 9
|__|WPatch wp 32.9500
|__|VviaDia 10 mil 10mil
| Viax 0 1]
| |Viay 0 0
| |Lfeed 100 mil 100mil
| |Wfeed 22 mil 22mil
|_|CosimDefinition Edit |
|__|CoSimulator PlanarEM |-
|__|Overlap 0 mil Omil

b
4 | >
[~ Show Hidden
oK I Cancel |




22

Resonant Frequency vs Generation

21 X 21 Symmetric Patch

3.0

2.5 -

2.0 -

1.5 -

1.0 -

Resonant Frequency, GHz

0.5

0.0

0 100 200 300 400 500
Generation
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Animation of Geometric
Solution Convergence

A 21 X 21 Symmetric Patch

0
e N
H"'"::;:fhg?? Oe, o
,_,_.,_,_'.-:__:::_:__EJE /ferc?ff
-“"--_Z_“_‘_-;_—.___h_______% =]

o g
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__..h____’fl':_’f:;'l_".'.‘? 500
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21 X 21 Symmetric Patch Results

18 Sep 2006 Ansoft Corporation 10:07:03 Y1—_4
XY Plot 1 im(Z11)
Patch Analysis Linear
4.00 Y1——
re(Z11)
Linear
2.00
g J
i=
g. )k
: F
Resonance at
9GHz
0.60 0.70 0.80 0.90 1.00 1.10
F [GHz]




25

GA Patch Results

Optimized Feed location

—ELCXx - Etheta - Phi='0deg’ =——AZCo - Etheta - Phi='90deg’
—ELCo - Ephi - Phi='0deg’ AZCx - Ephi - Phi='90deg’

1
0 — 1
2 / \\ 3 ™ /]
:‘61 K/ \\ c \ /
E -8 \ '0_3‘ 7
= -10 / \ S 94
< / N\ »
© -12 / \ g -11
g 14 4f \ - 43 \ /
@ -16 £ | |
N 5 -15
T 181 \ 3
£ -20 \ @ 17
o - i
3 22 -19 4
-24 A —~ T 21 4
-26
e | / -23 v
-30 — N : 4 : -25 :
-85 75 -65 55 -45 35 -25 -15 -5 5 15 25 35 45 55 65 75 85 945 947 949 951 953 955 957 959 961 963 965

Angle [Deg] Frequency [MHZz]
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Conclusion

A Genetic Algorithms
A Efficient means to discover non-intuitive geometries
A Not limited to antennas

A Ansoft Designer
A Flexible scripting
A Automation
A Robust Planar tool
A Patch Antenna

A New geometry discovered
A Resonant frequency reduced to less than 1/3 size
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