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One Dimensional EBG Structure 
Synthesis 1 : 14mm x 14mm Unit Cell Size 

I On-set frequency input : 1.4GHz I 
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Verification of The Synthesized EBG Structure 
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One Dimensional EBG Structure 
Synthesis 2 : 14mm x 14mm Unit Cell Size 

I On-set frequency input: lGHz I 
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Verification of The Synthesized EBG Structure 
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One Dimensional EBG Structure 
Synthesis 3 : 14mm x 14mm Unit Cell Size 

I On-set frequency input : 0.9GHz I 

Synthesized EBG structure Dispersion Diagram verification of the synthesized one 
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Verification of The Synthesized EBG Structure 
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One Dimensional EBG Structure 
Synthesis 4: 14mm x 14mm Unit Cell Size 

I On-set frequency input: 1.8GHz I 
Dispersion Diagram verification of the synthesized one 
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Verification of The Synthesized EBG Structure 
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One Dimensional EBG Structure 
Synthesis 5 : 30mm x 30mm Unit Cell Size 

I On-set frequency input : 0.7GHz I 
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Verification of The Synthesized EBG Structure 
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Synthesis 6 : 30mm x 30mm Unit Cell Size 

I On-set frequency input : 0.4GHz I 
Dispersion Diagram verification of the synthesized one 

5 

4.5 

4 
'N' = 3.5 
~ 
"-' 3 ;;..-. 
~ = 2.5 ~ := 
C"' 2 ~ s.. 
~ 1.5 

1 

0.5 

0 
0 0.5 1 1.5 2 2.5 3 

ad (radian) 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

z 
0 
~ .... 
~Ul 

N 
0 .... .... 

1J1 

=­('D 
('D ..... 
N .... 
0 ..... 
N 
(.H 

d 
rJl 
00 = 0--, 

= 
~ 
tit 
-....l 

= N 



Pifl. 22 
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SYSTEMS AND METHODS FOR 
ELECTROMAGNETIC BAND GAP 

STRUCTURE SYNTHESIS 

CROSS REFERENCE TO RELATED 
APPLICATION 

2 

This application claims the benefit of U.S. Provisional 
Application No. 60/844,250, filed 13 Sep. 2006, which is 
hereby incorporated by reference in its entirety as if fully set 
forth below. 

220 and 225. As shown in FIG. 2, the analog components exist 
within the same layout as the digital components. As high­
speed and high-resolutionADCs are highly sensitive, a noise 
spike from digital circuits can affect ADC performance. This 
high sensitivity has resulted in a significant reduction in the 
acceptable noise margins for the mixed signal wireless sys­
tem 205. Therefore, many prior art devices implement mea­
sures that attempt to isolate the sensitive RF/analog circuits, 
such as those in wireless system 205, from the power and 

10 ground noise generated by the digital circuits. 

FIELD OF THE INVENTION 

One noise suppression technique used in the prior art is to 
split the power/ground plane by inserting a slot between the 
planes. The slot in the power/ground plane can partially block 

This invention relates generally to the field of electromag­
netic band gap structures, and specifically to systems and 
methods to efficiently and effectively synthesize electromag­
netic band gap structures. 

15 
the propagation of power/ground noise. This prior art tech­
nique is ineffective for many applications, however, because 
a portion of the electromagnetic energy can still couple 
through the slot at high frequencies. Due to the electromag­
netic coupling, this method only provides a marginal isolation 

BACKGROUND OF THE INVENTION 20 (i.e., -20 dB to -60 dB) at high frequencies (i.e., above 1 
GHz) and becomes ineffective as the sensitivity of the RF 
circuit increases and the operating frequency of the system 
increases. At low frequencies (i.e., below 1 GHz), the split 

Explosive developments in microelectronic processing 
speeds, chip densities, and transmission bandwidths have 
enabled many new advanced electronic devices. While these 
high-speed and highly compact devices have created new 25 

applications, the design and implementation of these devices 
have been significantly hindered by increased problems from 
noise and interference. Problems due to noise are especially 
limiting in devices having both analog circuits and digital 
circuits, otherwise known as mixed signal systems. 

plane can provide an isolation of - 70 dB to -80 dB. 
In addition to the failure to be effective at high frequencies, 

prior art systems with split power/ground planes are ineffec­
tive for systems requiring the same DC power supply. As 
systems become more complex, multiple power supplies 
become a luxury a designer cannot afford. An alternative 

Mixed signal systems are used in numerous electronic 
devices, including wireless devices and other transceivers. 
For example, an ultra wide band (UWB) transceiver can be 
used with a mixed signal system, which transmits and 
receives data over a relatively high frequency band. FIG. 1 
provides an illustration of a UWB transceiver 105 configured 

30 technique used in the prior art for systems requiring the same 
DC power supply is to use ferrite beads to attempt to suppress 
the power/ground noise. Ferrite beads are non-conductive 
ferrimagnetic ceramic compounds, which essentially act as a 
high impedance to high frequency EMI/RFI electronic noise. 

35 The absorbed energy is converted to heat and dissipated by 
the ferrite. Thus, ferrite beads can be included in the layout of 
the mixed signal systems using the same DC power supply for 
both the analog circuits and the digital circuits. Similar to the 
prior art technique of splitting the power/ground plane, how-

on the same board as digital circuits. As shown in FIG. 1, the 
modulator 110 and demodulator 115 are configured to either 
receive input from, or output data to, the digital circuitry 
resident on the same board as the UWB transceiver 105. The 
low-noise amplifier (LNA) 120 of the UWB transceiver 105 is 
extremely sensitive to noise as it is located at the front-end of 
the demodulator and used to detect low power signals. More 
particularly, the LNA 120 is sensitive to noise spikes gener­
ated by the digital circuits in or close to the operating fre- 45 

quency of the UWB transceiver 105. Therefore, noise spikes 
from the digital circuits have the capability of de-sensitizing 
the UWB transceiver 105 and compromising the functional-

40 ever, the prior art technique of using ferrite beads for power/ 
ground noise isolation is not effective at high frequencies. 
Therefore, as the operation frequencies of mixed signal sys­
tems increase, the need for a technique to adequately and 

ity of the UWB transceiver 105. 
The need for noise suppression to preserve the precision 50 

and functionality of the mixed signal system containing the 
UWB transceiver 105 shown in FIG. 1 is just one example of 
the desire for noise suppression in many electronic applica­
tions. An additional example can be found in systems using 
both analog-to-digital converters (ADCs) and digital-to-ana- 55 

log converters (DACs ), components contained in the majority 
of wireless transmission devices. DACs convert complex 
digital signals for analog transmission and ADCs process 
complex analog signals for digital processing. To meet the 
needs of present and future-generation wireless systems, 60 

ADCs and DACs must perform at RF rates and with outstand­
ing linearity. Therefore, the current trend for ADCs is towards 
obtaining high-speed and high resolution. This trend makes 
ADCs more sensitive to noise. 

FIG. 2 provides a block diagram of the layout of a mixed 65 

signal wireless system 205 containing both analog and digital 
circuitry, including a series of ADCs 210 and 215 and DACs 

efficiently suppress noise at these high frequencies also 
mcreases. 

An alternative noise suppression technique involves the 
use of band gap structures. For example, photonic band gap 
structures are used for electromagnetic (EM) wave applica­
tions. Photonic band gap structures can have a two- or three­
dimensional periodic array structure in which the propagation 
of EM waves is governed by band-structure types of disper-
sion relationships. These photonic band gap structures pro­
vide electromagnetic analogs to electron-wave behavior in 
crystals. Photonic band gap structures can also be formed 
with local disturbances in the periodic array structure, thereby 
generating defect or cavity modes with frequencies within a 
forbidden band gap, for use in forming high-Q resonators or 
filters. 

Electromagnetic band gap structures are another type of 
band gap structure that have been implemented in many prior 
art devices in an attempt to combat error due to noise. Elec­
tromagnetic band gap structures are the microwave counter­
part of the photonic band gap structure. Electromagnetic band 
gap structures have become very popular due to their advan-
tageous applications for suppression of unwanted electro­
magnetic transmission and radiation in the area of microwave 
and millimeter waves. Electromagnetic band gap structures 
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are periodic structures in which the propagation of electro­
magnetic waves is restricted in a specified frequency band. 

4 
Therefore, it would be advantageous to provide an appara­

tus and method for efficiently and effectively synthesizing 
electromagnetic band gap structures. 

Additionally, it would be advantageous to provide an appa­
ratus and method to automatically synthesize an electromag­
netic band gap structure. 

Additionally, it would be advantageous to provide an appa­
ratus and method to automatically determine when the syn­
thesis of an electromagnetic band gap structure with a par­

lO ticular set of band gap parameters is not possible. 

Electromagnetic band gap structures can be used in a vari­
ety of applications. For example, electromagnetic band gap 
structures can enhance the performance of planar antennas by 
placing an electromagnetic band gap shield structure proxi­
mate to a microstrip patch. The inclusion of the electromag­
netic band gap structure proximate a microstrip patch can 
improve the front to backward radiation ratio of the antenna. 
Additionally, an electromagnetic band gap structure can be 
incorporated as the ground plane for a rectangular micro strip 
antenna for enhanced performance. In filter applications, 
electromagnetic band gap substrates can be incorporated to 
achieve greater isolation. Furthermore, electromagnetic band 
gap structures have proven effective in isolating the power/ 15 

ground noise in mixed signal systems. In fact, electromag­
netic band gap structures have proven effective in isolating 
the power/ ground noise even in systems that use the same DC 
power supply. 

Despite the potential benefits of electromagnetic band gap 20 

structures, conventional implementation of these structures is 
costly and prohibitive. More particularly, the most popular 
method of electromagnetic band gap structure design in the 
prior art involves a manual process that is time consuming, 
computationally expensive, and unreliable. FIG. 3 provides a 25 

block diagram of the conventional manual process of electro­
magnetic band gap structure synthesis 305. The manual pro­
cess involves devising a set of input specifications 310 for the 
electromagnetic band gap structure. A prototype electromag­
netic band gap structure is then created in step 315 based on 30 

estimations in view of these input specifications. The proto­
type electromagnetic band gap structure is then solved 320, 
with either a circuit simulator or electromagnetic simulator. 
The solved results of the prototype electromagnetic band gap 
structure are then compared in step 325 with the input speci- 35 

fications to determine the sufficiency of the estimated proto­
type electromagnetic band gap structure. Should the proto­
type electromagnetic band gap structure be insufficient, the 
prototype electromagnetic band gap structure is modified 330 
in accordance with the insufficiencies shown in the test. 40 

Thereafter the modified prototype electromagnetic band gap 
structure is solved 320 and the results are compared 325 with 
the input specifications. The process of modifying 330, solv­
ing 320, and comparing 325 are repeated until the electro­
magnetic band gap structure sufficiently complies with the 45 

input specifications 310 or no acceptable result is obtained. 
The conventional manual method of electromagnetic band 

gap structure synthesis 305, shown in FIG. 3, suffers from 
many drawbacks. Significantly, the number of iterations 
required for the manual method of electromagnetic band gap 50 

structure synthesis 305 is often relatively large. Therefore, 
one must perform numerous iterations of the manual process 
to achieve a workable electromagnetic band gap structure. 
Additionally, there is no upper bound on the number of itera­
tions required by the manual method. Furthermore, many 55 

input specification sets have no solution. Therefore, a 
designer implementing the manual method of electromag­
netic band gap structure synthesis 305 may go through hun­
dreds of iterations of the method without ever achieving a 
satisfactory electromagnetic band gap structure. The manual 60 

method of electromagnetic band gap structure synthesis 305 
is computationally expensive and time consuming. Thus, 
while electromagnetic band gap structures have the potential 
to present many advantages in noise suppression applica­
tions, there is no method in the prior art that enables reliable 65 

and efficient synthesis of these electromagnetic band gap 
structures. 

BRIEF SUMMARY OF THE INVENTION 

The present invention describes methods and apparatus for 
electromagnetic band gap structure synthesis. An exemplary 
embodiment of the present invention provides a method of 
electromagnetic band gap structure synthesis, which includes 
the step of providing a set of desired characteristics for an 
electromagnetic band gap structure. Furthermore, the method 
includes generating populations of patch shape members with 
a genetic algorithm routine and solving one or more of patch 
shape members of the populations with an electrodynamics 
modeling technique. Thereafter, the method includes the step 
of converting the output of the electrodynamics modeling 
technique into a set of response data for one or more of the 
patch shape members and calculating a fitness level for one or 
more of the sets of response data in comparison to the set of 
desired characteristics for the electromagnetic band gap 
structure. Next, the method includes the step of determining 
whether the fitness level of one of the patch shape members is 
within a predetermined tolerance. Subsequently, if none of 
the patch shape members provides a fitness level within the 
predetermined tolerance, then the steps of generating, solv­
ing, converting, calculating, and determining are repeated. 

These and other objects, features and advantages of the 
present invention will become more apparent upon reading 
the following specification in conjunction with the accompa­
nying drawing figures. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 provides an illustration of a UWB transceiver 105 
configured on the same board as digital circuits. 

FIG. 2 provides a block diagram of the layout of a mixed 
signal wireless system 205 containing both analog and digital 
circuitry, including a series of ADCs 210 and 215 and DACs 
220 and 225. 

FIG. 3 provides a block diagram of the conventional 
manual process of electromagnetic band gap structure syn­
thesis 305. 

FIG. 4 provides an illustration of a block diagram of the 
method of electromagnetic band gap structure synthesis 400 
in accordance with an exemplary embodiment of the present 
invention. 

FIG. 5 provides an illustration of electromagnetic band gap 
structure 500 in accordance with an exemplary embodiment 
of the present invention. 

FIG. 6 is an illustration of a flow chart for a method of 
electromagnetic band gap structure synthesis 600 in accor­
dance with an exemplary embodiment of the present inven­
tion, in which the proposed electromagnetic band gap struc­
ture is tested for a proper isolation level. 

FIG. 7 is a schematic of an electromagnetic band gap 
structure layout 705 in accordance with an exemplary 
embodiment of the present invention. 
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FIG. 8 is a graph 805 of an S-parameter evaluation of 
electromagnetic band gap structure layout 705 in accordance 
with an exemplary embodiment of the present invention. 

FIG. 9 is a photograph of an electromagnetic band gap 
structure 905 in accordance with an exemplary embodiment 
of the present invention. 

FIG. 10 is a graph 1005 of an S-parameter evaluation of 
electromagnetic band gap structure 905 in accordance with an 
exemplary embodiment of the present invention. 

FIG. 11 is an illustration of a patch shape member for an 10 

electromagnetic band gap structure synthesized in accor­
dance with an exemplary embodiment of the present inven­
tion and the corresponding dispersion diagram for the elec­
tromagnetic band gap structure layout. 

FIG. 12 is a graph of an S-parameter evaluation of electro- 15 

magnetic band gap structure simulated in accordance with the 
electromagnetic band gap structure layout shown in FIG. 11. 

FIG. 13 is an illustration of a patch shape member for an 
electromagnetic band gap structure synthesized in accor­
dance with an exemplary embodiment of the present inven- 20 

tion and the corresponding dispersion diagram for the elec­
tromagnetic band gap structure layout. 

FIG. 14 is a graph of an S-parameter evaluation of electro­
magnetic band gap structure simulated in accordance with the 
electromagnetic band gap structure layout shown in FIG. 13. 25 

6 
FIG. 23D is a graph 2320 of an S-parameter evaluation of 

electromagnetic band gap simulated in accordance with the 
electromagnetic band gap structure layout 2315 shown in 
FIG. 23C. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention addresses the drawbacks of conven-
tional systems and methods of electromagnetic band gap 
structure synthesis. Significantly, the present invention pro­
vides methods and apparatus for efficient and effective elec­
tromagnetic band gap structure synthesis. An electromag-
netic band gap structure provided in accordance with the 
present invention is enabled to be accurately and conveniently 
configured to provide a required isolation level in a predeter­
mined stop band. Additionally, the present invention over­
comes the drawbacks of the manual methods in the prior art 
and provides systems and methods to automatically synthe­
size electromagnetic band gap structures. 

In an exemplary embodiment, the present invention pro-
vides a method of electromagnetic band gap structure synthe­
sis. The method includes the step of providing a set of desired 
characteristics for an electromagnetic band gap structure. 
Furthermore, the method includes generating populations of 
patch shape members with a genetic algorithm routine and 
solving one or more of patch shape members of the popula­
tions with an electrodynamics modeling technique. Thereaf-

FIG. 15 is an illustration of a patch shape member for an 
electromagnetic band gap structure synthesized in accor­
dance with an exemplary embodiment of the present inven­
tion and the corresponding dispersion diagram for the elec­
tromagnetic band gap structure layout. 

FIG. 16 is a graph of an S-parameter evaluation of electro­
magnetic band gap structure simulated in accordance with the 
electromagnetic band gap structure layout shown in FIG. 15. 

3o ter, the method includes the step of converting the output of 
the electrodynamics modeling technique into a set of 
response data for one or more of the patch shape members and 
calculating a fitness level for one or more of the sets of 

FIG. 17 is an illustration of a patch shape member for an 
electromagnetic band gap structure synthesized in accor- 35 

dance with an exemplary embodiment of the present inven­
tion and the corresponding dispersion diagram for the elec­
tromagnetic band gap structure layout. 

FIG. 18 is a graph of an S-parameter evaluation of electro­
magnetic band gap structure simulated in accordance with the 40 

electromagnetic band gap structure layout shown in FIG. 17. 
FIG. 19 is an illustration of a patch shape member for an 

electromagnetic band gap structure synthesized in accor­
dance with an exemplary embodiment of the present inven­
tion and the corresponding dispersion diagram for the elec- 45 

tromagnetic band gap structure layout. 
FIG. 20 is a graph of an S-parameter evaluation of electro­

magnetic band gap structure simulated in accordance with the 
electromagnetic band gap structure layout shown in FIG. 19. 

FIG. 21 is an illustration of a patch shape member for an 50 

electromagnetic band gap structure synthesized in accor­
dance with an exemplary embodiment of the present inven­
tion and the corresponding dispersion diagram for the elec­
tromagnetic band gap structure layout. 

FIG. 22 is a graph of an S-parameter evaluation of electro- 55 

magnetic band gap structure simulated in accordance with the 
electromagnetic band gap structure layout shown in FIG. 21. 

FIG. 23A is an illustration of a patch shape member 2305 
synthesized in accordance with an exemplary embodiment of 
the method of electromagnetic band gap structure synthesis. 60 

FIG. 23B is a graph ofa dispersion diagram 2310 generated 
in accordance with an exemplary embodiment of the method 
of electromagnetic band gap structure synthesis. 

FIG. 23C is a layout for an electromagnetic band gap 
structure 2315 generated in accordance with an exemplary 65 

embodiment of the method of electromagnetic band gap 
structure synthesis. 

response data in comparison to the set of desired character­
istics for the electromagnetic band gap structure. Next, the 
method includes the step of determining whether the fitness 
level of one of the patch shape members is within a predeter­
mined tolerance. Subsequently, if none of the patch shape 
members provides a fitness level within the predetermined 
tolerance, then the steps of generating, solving, converting, 
calculating, and determining are repeated. 

The systems and methods of the present invention present 
many advantages over the prior art. Although electromagnetic 
band gap structures present many significant benefits to elec­
tronic device design, no method or systems exists in the prior 
art by which to reliably and conveniently synthesize these 
electromagnetic band gap structures. The manual methods 
existing in the prior art are uncertain, computationally expen­
sive, and time consuming. While the electromagnetic band 
gap structures may be superior to other noise suppression 
devices, the burden required to achieve an optimized electro­
magnetic band gap structure is often insurmountable. Signifi­
cantly, the systems and methods of the present invention will 
enable a completely automatic synthesis of an electromag­
netic band gap structure. More particularly, the systems and 
methods of the present invention will allow a user to provide 
a set of desired characteristics for the electromagnetic band 
gap structure, including (1) on-set frequency of the band gap, 
the (2) offset frequency of the band gap, and the (3) isolation 
level, and receive, as the output the design, for an electromag-
netic band gap structure corresponding to those desired char­
acteristics. 

FIG. 4 provides an illustration of a block diagram of the 
method of electromagnetic band gap structure synthesis 400 
in accordance with an exemplary embodiment of the present 
invention. As shown in FIG. 4, the method of electromagnetic 
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band gap structure synthesis 400 relies upon a genetic algo­
rithm 405 to perform a portion of the electromagnetic band 
gap structure synthesis. 

8 
band gap structure synthesis 400 to begin with entirely filled 
patch shape members. Those of skill in the art will appreciate 
that the populations can be initialized in a variety of different 
ways, including a random initialization. 

Once the populations have been initialized 410, the step of 
selection 415 can be performed on the patch shape members 
of each population. The step of selection 415 involves select­
ing a portion of an existing population to breed a new gen­
eration. In an exemplary embodiment, individual solutions 

10 are selected through a fitness-based process where more fit 
solutions are more likely to be selected. In an exemplary 
embodiment, the step of selection 415 involves choosing the 
best 50% of the members of a population for a next genera­
tion. Those of skill in the art will appreciate that numerous 

Genetic algorithms, such as genetic algorithm 405, are 
adaptive heuristic search algorithms that use techniques 
inspired by evolutionary biology such as inheritance, muta­
tion, selection, and crossover. In general terms, genetic algo­
rithms rely on an intelligent but random search within a 
defined space to seek a solution. The evolution usually starts 
from a population of randomly generated members and 
occurs in successive generations. In each generation, the fit­
ness of every member in the population is evaluated, multiple 
members are stochastically selected from the current popula­
tion (based on their fitness), and modified (recombined and 
possibly randomly mutated) to form a new population. The 
new population is then used in the next iteration of the algo­
rithm. Genetic algorithms can be characterized by represent­
ing a solution as a vector of digital symbols. The initial 
population can be created at random or from some known 
starting point. Typically, populations contain trial solutions, 20 

each of which is evaluated for fitness, and a new generation is 
created from the populations having a better fitness. The 
general genetic algorithm is continued through a number of 
generations and is terminated when a satisfactory fitness level 
has been achieved for a population or it is determined that no 25 

acceptable solution is possible. In the exemplary embodiment 
method of electromagnetic band gap structure synthesis 400 
shown in FIG. 4, the genetic algorithm 405 is used in each 
iteration of the method 400 to create a new generation of 
populations of patch shape members for an electromagnetic 30 

band gap structure. 

15 different selection techniques can be employed forthe step of 
selection 415. 

The method of electromagnetic band gap structure synthe-
sis 400, shown in FIG. 4, is performed in view of a set of 
desired characteristics for an electromagnetic band gap struc­
ture. The set of desired characteristics provide the boundaries 35 

for an acceptable solution from the genetic algorithm 405. 
The set of desired characteristics are part of an overall set of 
input parameters that provide the rules by which the method 
of electromagnetic band gap structure synthesis 400 will be 
executed. In an exemplary embodiment, the input parameters 40 

include the cell size, the initial population number, the fre­
quency range of the evaluation, the loss tangent, the dielectric 
constant, the dielectric thickness, and the set of desired char­
acteristics for the electromagnetic band gap structure, which 
can include the (1) on-set frequency of the band gap, the (2) 45 

offset frequency of the band gap, and the (3) isolation level. In 
an alternative embodiment, the input parameters also include 
the conductor thickness, conductivity, a patch size, and a 
branch size. Furthermore, the set of desired characteristics for 
the electromagnetic band gap structure can be modified to 50 

include or delete certain noise suppression parameters. 
The method of electromagnetic band gap structure synthe-

sis 400 first involves the step of initializing the populations 
410 of the genetic algorithm 405 with a group of patch shape 
members for each population. The number of populations 55 

chosen to be initialized is implementation specific and can 
based upon individual parameters of the synthesis method 
400 or the desired electromagnetic band gap structure. For 
some embodiments, the number of populations initialized can 
range from 4 to 30 populations. In an exemplary embodiment, 60 

10 populations are initialized in step 410. In an exemplary 
embodiment of the method of electromagnetic band gap 
structure synthesis 400, the populations are initialized with 
the most reliable set of patch shape members consisting of a 
solid patch array. As randomly generated genes may result in 65 

a discontinuous patch shape member, it is preferable in the 
exemplary embodiment of the method of electromagnetic 

Once the patch shape members of the population have been 
selected, the step of crossover 420 can be performed. In an 
exemplary embodiment, the step of crossover 420 constitutes 
a genetic operator in which the programming of the patch 
shape members of each population is varied. Those of skill in 
the art will appreciate that a variety of different crossover 
techniques can be implemented by the step of crossover 420, 
including one-point crossover, two-point crossover, cut and 
splice, uniform crossover, and half uniform crossover. In an 
exemplary embodiment, the step of crossover 420 relies on a 
two-point crossover technique with three chromosomes. 

After the step of crossover 420, the step of mutation 425 
can be performed on the children members of the parent 
population. In an exemplary embodiment, the step of muta­
tion 425 involves the use of a genetic operator to maintain 
genetic diversity from one generation of a population to the 
next. In an exemplary embodiment, the mutation operator 
used in step 425 involves a 10% fixed mutation. The percent 
of mutation can vary with the number of populations initial­
ized and with other parameters of the synthesis method 400. 
Those of skill in the art will appreciate that a variety of 
different mutation techniques can be employed to carry out 
the step of mutation 425. Once each patch shape member of a 
population has been determined, selection can begin for the 
next population. After selection 415, crossover 420, and 
mutation 425 have been performed on each patch shape mem­
ber of a population, conditional step 430 is executed to deter­
mine whether all populations for a generation have been 
modified by the genetic algorithm 405. The genetic algorithm 
will perform selection, crossover, and mutation on every 
population until conditional step 430 is satisfied and a new 
generation is full. Once every population has been modified 
and the generation is full, thus satisfying conditional step 430, 
the full generation of new populations can be output from the 
genetic algorithm 405. 

After the genetic algorithm 405 has generated a full gen­
eration of populations, the step of converting binary output 
440 can be employed to convert the binary sequences of patch 
shape members into a set of coordinates for each patch shape 
member. Once converted, the step of solving 445 can be 
performed such that each patch shape member of each popu­
lation is solved with an electrodynamics modeling technique. 
In the exemplary embodiment depicted in FIG. 4, the finite­
difference frequency domain (FDFD) method is the electro­
dynamics modeling technique used to solve each patch shape 
member of each population. Those of skill in the art will 
appreciate that numerous electrodynamics modeling tech­
niques can be used, including the finite-difference time-do­
main (FDTD) and multilayer finite-difference (M-FDM) 
methods, and other types of modeling techniques. The elec­
trodynamics modeling technique can generate a set of 
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response data for each patch shape member. For the exem­
plary embodiment depicted FIG. 4, the set of response data is 
a set of impedance parameters, or Z parameters, generated by 
the FDFD method for each patch shape member. Those of 
skill in the art will appreciate that the response data can be a 
number of different types of data generated by various mod­
eling techniques. The set of response data can be used to 
determine the fitness level of a particular patch shape mem­
ber. 

10 
the structure of this exemplary patch shape member. Each 
unit cell, like unit cell 530, of the patch shape member either 
is filled with a conductive material (solid) or is free of con­
ductive material (void). 

As shown in FIG. 5, the configuration of the patch shape 
member 520 can easily be expressed with digital symbols 
according to whether a unit is solid or void. A void unit cell, 
like unit cell 535, can be assigned a "O", and a solid unit cell, 
like unit cell 530, can be assigned a "1." Therefore, the con-

10 figuration of patch shape member 520 can be expressed as 
binary sequence 540. Binary sequences, such as binary 
sequence 540, can easily be processed by the genetic algo­
rithm 405 of the method of electromagnetic band gap struc-

In the exemplary embodiment of the method of electro­
magnetic band gap structure synthesis 400 depicted in FIG. 4, 
the set of response data are converted into a dispersion dia­
gram (DD) format in step 450. Once the step of conversion 
into DD format 450 is complete, the step of calculating a 
fitness level 455 can be performed on each patch shape mem- 15 

ber of each population. The fitness level of a particular patch 
shape member is defined by a comparison of the DD format of 
the set of response data for that particular patch shape mem­
ber to the set of desired characteristics forthe electromagnetic 
band gap structure. The closer a patch shape member is to 
meeting the set of desired characteristics, the better the fitness 
level. 

ture synthesis 400. 
While each individual patch shape member of an electro-

magnetic band gap structure, such as patch shape member 
520, can exhibit a required stop band, it is the arrangement of 
multiple patch shape members that determines whether the 
required isolation level, or stop band floor, can be delivered by 

20 a particular electromagnetic band gap structure. While the 
stop band determines in what frequency range the electro­
magnetic band gap structure will suppress noise, the stop 
band floor determines the extent to which such noise will be Steps 440, 445, 450, 455 are repeated for each patch shape 

member of each population until all the populations are com­
plete, thus satisfying conditional step 460. Once conditional 25 

step 460 is satisfied (all populations have been evaluated), a 
determination can be made at conditional step 465 as to 
whether any of the patch shape members of the population 
have a fitness level within a predetermined threshold. If a 
particular patch shape member has a sufficient fitness level, 30 

then that patch shape member can be chosen as the solution 
patch shape member and the method 400 can be terminated. If 
none of the patch shape members succeed in providing a 
fitness level within the predetermined tolerance amount (and 
condition step 465 is not satisfied), then the genetic algorithm 35 

405 can be re-executed, using the existing populations, to 
create a new generation for evaluation. In other words, the 
existing populations can be reinserted into the selection step 
415 of the genetic algorithm 405, and a new generation can be 
created. The process can be iteratively repeated until one or 40 

more patch shape members is found with a sufficient fitness 
level. In an exemplary embodiment, if more than one patch 
shape members are found with a sufficient fitness level, then 
the patch shape member with the best fitness level can be 
chosen. 

suppressed. For many electronic device applications, precise 
functionality of the circuits can only be ensured by a particu­
lar amount of noise isolation. Thus, a proposed electromag-
netic band gap structure may be evaluated for both its stop 
band and its stop band floor. 

FIG. 6 is an illustration of a flow chart for a method of 
electromagnetic band gap structure synthesis 600 in accor­
dance with an exemplary embodiment of the present inven­
tion, in which the proposed electromagnetic band gap struc­
ture is tested for a proper isolation level. The method of 
electromagnetic band gap structure synthesis 600 first 
involves the step of initializing the populations 610 of the 
genetic algorithm 605 with a group of patch shape members 
for each population. Once the populations have been initial­
ized 610, the step of selection 615 can be performed on the 
patch shape members of the population. The step of selection 
615 involves selecting a portion of an existing population to 
breed a new generation. Once the patch shape members of the 
population have been selected, the step of crossover 620 can 
be performed. In an exemplary embodiment, the step of cross­
over 620 constitutes a genetic operator in which the program-

FIG. 5 provides an illustration of electromagnetic band gap 
structure 500 in accordance with an exemplary embodiment 

45 ming of the patch shape members of each population is var­
ied. After the step of crossover 620, the step of mutation 625 
can be performed on the children members of the parent 
population. In an exemplary embodiment, the step of muta-of the present invention. As shown in FIG. 5, the electromag­

netic band gap structure 500 can have a first conductive layer 
505, a second conductive layer 515, and a dielectric layer 510 50 

disposed between the two conductive layers 505 and 515. In 
an exemplary embodiment, the first conductive layer 505 is a 
rectangular lattice with a periodic structure consisting of con­
ductive patch shape members in the vertical and horizontal 
direction connected by conductive branches. In an exemplary 55 

embodiment of the electromagnetic band gap structure 500, 
each patch shape member is identical, thus giving the first 
conductive layer 505 its periodic structure. The patch shape 
member 520, in an exemplary embodiment shown in FIG. 5, 
can be divided into unit cells. The patch shape member 520 60 

shown in FIG. 5 has a 5x5 array ofunit cells. Those of skill in 
the art will appreciate that dimensions of patch shape member 
520 represent one example of a patch shape member, and 
numerous dimensions are possible for the patch shape mem­
bers of the electromagnetic band gap structure 500, depend- 65 

ing on the specific implementation parameters. The diagram 
525 of patch shape member 520 shown in FIG. 5, illustrates 

tion 625 involves the use of a genetic operator to maintain 
genetic diversity from one generation of a population to the 
next. Once each patch shape member of a population has been 
determined, selection can begin for the next population. After 
selection 615, crossover 620, and mutation 625 have been 
performed on each patch shape member of a population, 
conditional step 630 is executed to determine whether all 
populations for a generation have been modified by the 
genetic algorithm 605. The genetic algorithm will perform 
selection, crossover, and mutation on every population until 
conditional step 630 is satisfied and a new generation is full. 
Once every population has been modified and the generation 
is full, thus satisfying conditional step 630, the full generation 
of new populations can be output from the genetic algorithm 
605. 

In an exemplary embodiment of the method of electromag­
netic band gap structure synthesis 600, the next step 640 
involves converting the binary sequences of patch shape 
members output from the genetic algorithm 605 into a set of 
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coordinates for each patch shape member. Once converted, 
the step of solving 645 can be performed such that each patch 
shape of each population is solved with an electrodynamics 
modeling technique. In the exemplary embodiment depicted 
in FIG. 6, the multilayer finite-difference (M-FDM) method 
is used to solve each patch shape member of the populations. 
For the exemplary embodiment depicted FIG. 6, the M-FDM 
method generates a set of response data, namely a set of 
impedance parameters, for each patch shape member. The set 
of response data can be used to determine the fitness of a 
particular patch shape member. 

In the exemplary embodiment of method of electromag­
netic band gap structure synthesis 600 depicted in FIG. 6, the 
set of response data are converted into a dispersion diagram 
(DD) format in step 650. Once the step of conversion into DD 
format 650 is complete, the step of calculating a fitness level 
655 can be performed on each patch shape member of each 
population. The fitness level of a particular patch shape mem­
ber is defined by a comparison of the DD format of the set of 
response data for that particular patch shape member to the set 
of desired characteristics for the electromagnetic band gap 
structure. The closer a patch shape member is to meeting the 
set of desired characteristics, the better the fitness level. 

Steps 640, 645, 650, 655 are repeated for each patch shape 
member of each population until all the populations are com­
plete, thus satisfying conditional step 660. Once conditional 
step 660 is satisfied (all populations have been evaluated), a 
determination can be made at conditional step 665 as whether 
any of the patch shape members of the population have a 
fitness level within a predetermined threshold. If none the 
patch shape members succeed in providing a fitness level 
within the predetermined tolerance amount (and condition 
step 665 is not satisfied), then the genetic algorithm 605 can 
be re-executed, using the existing populations, to create a new 
generation for evaluation. In other words, the existing popu­
lations can be reinserted into the selection step 615 of the 
genetic algorithm 605, and a new generation can be created. 

If a particular patch shape member has a sufficient fitness 
level, then that patch shape member can be selected as the 
solution patch shape and conditional step 665 can be satisfied. 
In an exemplary embodiment, the patch shape member cho­
sen as the solution patch shape member by conditional step 
665 can be configured in an initial array of the electromag­
netic band gap structure. The next step in the method of 
electromagnetic band gap structure synthesis 600 is to evalu­
ate the initial array of the electromagnetic band gap structure 
670 to determine the amount of isolation provided by the 
array. Subsequently, conditional step 675 determines whether 
the array provides the proper isolation level set forth in the set 
desired characteristics for the band gap structure. If the array 
provides the proper isolation level (i.e., the stop band floor is 
sufficient), then this array of copies of the solution patch 
shape member can be chosen as the final electromagnetic 
band gap structure design. If the array provides an insufficient 
level of isolation, and conditional step 675 is not satisfied, 
step 670 is repeated and the array is increased in dimension 
until a proper level of isolation is shown and conditional step 
675 is satisfied. 

12 
array is shown as being 4.4 cm in length and 2.9 cm in width. 
Using this electromagnetic band gap structure layout 705, the 
actual electromagnetic band gap structure can be fabricated. 

FIG. 8 is a graph 805 of an S-parameter evaluation of 
electromagnetic band gap structure layout 705 in accordance 
with an exemplary embodiment of the present invention. A 
simulation can be run to evaluate electromagnetic band gap 
structure layout 705 to verify that is comports with the set of 
desired characteristics for the structure, including exhibiting 

10 a proper on-set frequency, offset frequency, and isolation 
level. The graph 805 shown in FIG. 8 plots the transmission 
coefficient (S-parameter, S21) against frequency to illustrate 
the simulated response of the electromagnetic band gap struc­
ture layout 705. As shown in graph 805, the layout 705 pro-

15 vides an on-set frequency around 2 GHz and an offset fre­
quency of about 4.5 GHz. The isolation in the stop band 
ranges from around -40 dB to around - 70 dB at its peak. 

FIG. 9 is a photograph of an electromagnetic band gap 
structure 905 in accordance with an exemplary embodiment 

20 of the present invention. The exemplary embodiment of elec­
tromagnetic band gap structure 905 was fabricated based on 
layout 705 shown in FIG. 7. As shown in FIG. 9, the void and 
solid pattern of the first conductive layer of the electromag­
netic band gap structure follows the pattern of layout 705. 

25 Furthermore, the patch shape member chosen for electromag­
netic band gap structure 905 is repeated six times in the 2x3 
array. The electromagnetic band gap structure 905 can be 
created using numerous different fabrication techniques, 
including the conventional FR4 process. Furthermore, the 

30 input parameters gathered for the electromagnetic band gap 
structure 905 can be used to determine the parameters of 
fabrication. For example, and not limitation, the dielectric 
material can be FR4 with a relative permittivity (Er) around 
4.4, a copper conductor with a conductivity ( ac) around 5.Sx 

35 107 S/m, a dielectric loss tangent (tan o) around 0.02. 
FIG. 10 is a graph 1005 of an S-parameter evaluation of 

electromagnetic band gap structure 905 in accordance with an 
exemplary embodiment of the present invention. Once simu­
lated, the electromagnetic band gap structure 905 can be 

40 tested to verify that it comports with the set of desired char­
acteristics, including exhibiting a proper on-set frequency, 
offset frequency, and stop band floor. Those of skill in the art 
will appreciate that numerous different methods and appara­
tus can be used to evaluate the electromagnetic band gap 

45 structure 905. For the exemplary embodiment of the electro­
magnetic band gap structure 905 graphed in FIG. 10, an 
Agilent Technologies PNA Series Network Analyzer 
(E8363B) was used to measure the transmission coefficient 
(S21). The graph shown in FIG. 10 plots the transmission 

50 coefficient (S parameter, S21) against frequency to illustrate 
the response of the electromagnetic band gap structure 905. 
The graph illustrates a response that sufficiently corresponds 
to the simulated result shown in graph 805 of FIG. 8. Further­
more, graph 1005 illustrates that the electromagnetic band 

55 gap structure 905 meets the set of desired characteristics 
provided for the structure as it provides an on-set frequency 
around 2 GHz and an offset frequency of about 4.5 GHz and 
the isolation in the stop band ranges from around -40 dB to 
around -90 dB at the peak of the stop band floor. 

FIG. 11 is an illustration of a patch shape member for an 
electromagnetic band gap structure synthesized in accor­
dance with an exemplary embodiment of the present inven­
tion and the corresponding dispersion diagram for the elec­
tromagnetic band gap structure layout. The electromagnetic 

FIG. 7 is a schematic of an electromagnetic band gap 
structure layout 705 in accordance with an exemplary 60 

embodiment of the present invention. In an exemplary 
embodiment, the output of the method of electromagnetic 
band gap structure synthesis is an electromagnetic band gap 
structure layout, such as layout 705. As shown in FIG. 7, the 
layout 705 is comprised of 2x3 array of six solution patch 
shape members. In the exemplary embodiment shown in FIG. 

65 band gap structure synthesized and shown in FIG. 11 is a one 
dimensional structure with a 14 mmx 14 mm unit cell size and 

7, each patch shape member is identical. The total size of the a target on-set frequency of 1.4 GHz. The dispersion diagram 
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illustrates that the electromagnetic band gap structure layout 
provides the proper band gap response. 

FIG. 12 is a graph of an S-parameter evaluation of electro­
magnetic band gap structure simulated in accordance with the 
electromagnetic band gap structure layout shown in FIG. 11. 
As shown in FIG. 12, the electromagnetic band gap structure 
provides a band gap with the required on-set frequency of 1.4 
GHz. 

14 
FIG. 20 is a graph of an S-parameter evaluation of electro­

magnetic band gap structure simulated in accordance with the 
electromagnetic band gap structure layout shown in FIG. 19. 
As shown in FIG. 20, the electromagnetic band gap structure 
provides a band gap with the required on-set frequency of0.7 
GHz. 

FIG. 21 is an illustration of a patch shape member for an 
electromagnetic band gap structure synthesized in accor­
dance with an exemplary embodiment of the present inven-

10 tion and the corresponding dispersion diagram for the elec­
tromagnetic band gap structure layout. The electromagnetic 
band gap structure synthesized and shown in FIG. 21 is a one 
dimensional structure with a 30 mmx30 mm unit cell size and 

FIG. 13 is an illustration of a patch shape member for an 
electromagnetic band gap structure synthesized in accor­
dance with an exemplary embodiment of the present inven­
tion and the corresponding dispersion diagram for the elec­
tromagnetic band gap structure layout. The electromagnetic 
band gap structure synthesized and shown in FIG. 13 is a one 

15 
dimensional structure with a 14mmx14 mm unit cell size and 

a target on-set frequency of0.4 GHz. The dispersion diagram 
illustrates that the electromagnetic band gap structure layout 
provides the proper band gap response. 

a target on-set frequency of 1 GHz. The dispersion diagram 
illustrates that the electromagnetic band gap structure layout 
provides the proper band gap response. 

FIG. 14 is a graph of an S-parameter evaluation of electro­
magnetic band gap structure simulated in accordance with the 
electromagnetic band gap structure layout shown in FIG. 13. 
As shown in FIG. 14, the electromagnetic band gap structure 
provides a band gap with the required on-set frequency of 1 
GHz. 

FIG. 15 is an illustration of a patch shape member for an 
electromagnetic band gap structure synthesized in accor­
dance with an exemplary embodiment of the present inven­
tion and the corresponding dispersion diagram for the elec­
tromagnetic band gap structure layout. The electromagnetic 
band gap structure synthesized and shown in FIG. 15 is a one 
dimensional structure with a 14mmx14 mm unit cell size and 
a target on-set frequency of0.9 GHz. The dispersion diagram 
illustrates that the electromagnetic band gap structure layout 
provides the proper band gap response. 

FIG. 16 is a graph of an S-parameter evaluation of electro­
magnetic band gap structure simulated in accordance with the 
electromagnetic band gap structure layout shown in FIG. 15. 
As shown in FIG. 16, the electromagnetic band gap structure 
provides a band gap with the required on-set frequency of 0.9 
GHz. 

FIG. 17 is an illustration of a patch shape member for an 
electromagnetic band gap structure synthesized in accor­
dance with an exemplary embodiment of the present inven­
tion and the corresponding dispersion diagram for the elec­
tromagnetic band gap structure layout. The electromagnetic 
band gap structure synthesized and shown in FIG. 17 is a one 
dimensional structure with a 14mmx14 mm unit cell size and 
a target on-set frequency of 1.8 GHz. The dispersion diagram 
illustrates that the electromagnetic band gap structure layout 
provides the proper band gap response. 

FIG. 18 is a graph of an S-parameter evaluation of electro­
magnetic band gap structure simulated in accordance with the 
electromagnetic band gap structure layout shown in FIG. 17. 
As shown in FIG. 18, the electromagnetic band gap structure 
provides a band gap with the required on-set frequency of 1.8 
GHz. 

FIG. 19 is an illustration of a patch shape member for an 
electromagnetic band gap structure synthesized in accor­
dance with an exemplary embodiment of the present inven­
tion and the corresponding dispersion diagram for the elec­
tromagnetic band gap structure layout. The electromagnetic 
band gap structure synthesized and shown in FIG. 19 is a one 
dimensional structure with a 30 mmx30 mm unit cell size and 
a target on-set frequency of0.7 GHz. The dispersion diagram 
illustrates that the electromagnetic band gap structure layout 
provides the proper band gap response. 

FIG. 22 is a graph of an S-parameter evaluation of electro­
magnetic band gap structure simulated in accordance with the 
electromagnetic band gap structure layout shown in FIG. 21. 

20 As shown in FIG. 22, the electromagnetic band gap structure 
provides a band gap with the required on-set frequency of0.4 
GHz. 

FIG. 23A is an illustration of a patch shape member 2305 
synthesized in accordance with an exemplary embodiment of 

25 the method of electromagnetic band gap structure synthesis. 
The set of desired characteristics for an electromagnetic band 
gap structure gathered for the method of electromagnetic 
band gap structure synthesis 400 for patch shape member 
2305 shown in FIG. 23A included the following: an on-set 

30 frequency of 2.3 GHz, an off-set frequency of 4.8 GHz, an 
isolation level target amount of at least 40 dB isolation over 
the stop band (2.3 GHz-4.8 GHz), and a tolerance for varia­
tion in the stop band of 300 MHz. In accordance with this set 
of desired characteristics for an electromagnetic band gap 

35 structure, an exemplary embodiment of the method of elec­
tromagnetic band gap structure synthesis was employed to 
create patch shape member 2305. 

FIG. 23 B is a graph ofa dispersion diagram 2310 generated 
in accordance with an exemplary embodiment of the method 

40 of electromagnetic band gap structure synthesis. The disper­
sion diagram 2310 shown in FIG. 23B illustrates the band gap 
response of patch shape member 2305. As shown in disper­
sion diagram 2310, patch shape member 23 05 provides a stop 
band between 2.3 GHz and 4.8 GHz. Additionally, dispersion 

45 diagram 2310 illustrates that the stop band occurs within the 
tolerance allotted for variation of 300 MHz, as neither the 
on-set frequency or the offset frequency vary from the desired 
amount by more than 300 MHz. Therefore, the dispersion 
diagram 2310 verifies that the patch shape member 2305 

50 provides the proper stop band. In other words, the fitness level 
for patch shape member 2305 would be within a predeter­
mined tolerance. The dispersion diagram 2310 does not 
verify, however, that the isolation level target amount of at 
least 40 dB isolation is achieved over the stop band (2.3 

55 GHz-4.8 GHz) by the patch shape member 2305. 
FIG. 23C is a layout for an electromagnetic band gap 

structure 2315 generated in accordance with an exemplary 
embodiment of the method of electromagnetic band gap 
structure synthesis. In order to achieve the desired isolation 

60 level, in an exemplary embodiment, an array of copies of 
patch shape member 23 05 can be created. In accordance with 
an exemplary embodiment of the method of electromagnetic 
band gap structure synthesis, an array is created and evaluated 
to determine whether the desired isolation level is achieved. 

65 The electromagnetic band gap structure layout 2315 shown in 
FIG. 23C provides the final layout in accordance with the 
output of the method electromagnetic band gap structure 
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employed in this exemplary embodiment. As shown, the lay­
out for electromagnetic band gap structure 2315 required at 
least three copies of patch shape member 2305 in both the 
horizontal and vertical direction to provide the desired isola­
tion level. 

16 
5. The method of electromagnetic band gap structure syn­

thesis of claim 1, wherein the step of generating a plurality of 
populations of a plurality of patch shape members with a 
genetic algorithm includes performing a crossover operation 
on a portion of the plurality of patch shape members. 

6. The method of electromagnetic band gap structure syn­
thesis of claim 1, wherein the step of generating a plurality of 
populations of a plurality of patch shape members with a 
genetic algorithm includes performing a mutation operation 

10 on a portion of the plurality of patch shape members. 

FIG. 23D is a graph 2320 of an S-parameter evaluation of 
electromagnetic band gap simulated in accordance with the 
electromagnetic band gap structure layout 2315 shown in 
FIG. 23C. The graph 2320 shown in FIG. 23D illustrates the 
electromagnetic band gap structure layout 2315 provides the 
proper on-set frequency of 2.3 GHz and off-set frequency of 
4.8 GHz. Furthermore, graph 2220 illustrates that the isola­
tion level target amount of at least 40 dB isolation is achieved 
over this stop band (2.3 GHz-4.8 GHz). Therefore, the exem­
plary embodiment of the method of electromagnetic band gap 15 

structure synthesis employed for electromagnetic band gap 
structure layout 2315 was successful in achieving the original 
set of desired characteristics. 

While the invention has been disclosed in its preferred 
forms, it will be apparent to those skilled in the art that many 20 

modifications, additions, and deletions can be made therein 
without departing from the spirit and scope of the invention 
and its equivalents as set forth in the following claims. 

What is claimed is: 
1. A method of electromagnetic band gap structure synthe­

sis comprising the steps of: 
providing a set of desired characteristics for an electromag­

netic band gap structure; 

25 

generating a plurality of populations of a plurality of patch 30 

shape members with a genetic algorithm routine; 

7. The method of electromagnetic band gap structure syn­
thesis of claim 1, further comprising the step of determining 
that no patch shape member is capable of providing a fitness 
level within the predetermined tolerance. 

8. The method of electromagnetic band gap structure syn­
thesis of claim 1, further comprising the steps of: 

choosing one of the plurality of patch shape members with 
a fitness level within the predetermined tolerance as a 
solution patch shape; 

generating an electromagnetic band gap array made up of 
at least two copies of the solution patch shape; 

evaluating the electromagnetic band gap array to determine 
whether an isolation level has reached a target amount; 

if the isolation level has not reached the target amount, 
repeating the step of generating by adding at least one 
copy of the solution patch shape to the electromagnetic 
band gap array; and 

choosing the electromagnetic band gap array as a solution 
electromagnetic band gap structure when the isolation 
level reaches the target amount. 

9. The method of electromagnetic band gap structure syn­
thesis of claim 1, wherein the predetermined tolerance is a 
frequency range. 

solving one or more of the plurality of patch shape mem­
bers of the plurality of populations with an electrody­
namics modeling technique; 

converting the output of the electrodynamics modeling 
technique into a set of response data for one or more of 
the plurality of patch shape members for one or more of 
the plurality of populations; 

calculating a fitness level for one or more of the plurality of 
sets of response data in comparison to the set of desired 
characteristics for the electromagnetic band gap struc­
ture, including evaluating the one or more of the plural-

10. The method of electromagnetic band gap structure 
35 synthesis of claim 2, wherein the predetermined tolerance is 

an amount of frequency by which the on-set frequency may 
vary from that set forth in the set of desired characteristics. 

11. The method of electromagnetic band gap structure 
synthesis of claim 1, wherein the electrodynamics modeling 

40 technique is a multilayer finite-difference (M-FDM) tech-

ity of sets of response data to determine whether an 
isolation level has reached a target amount; 

determining whether the fitness level ofone of the plurality 45 

of patch shape members is within a predetermined tol­
erance; and 

if none of the plurality of patch shape members provides a 
fitness level within the predetermined tolerance, then 
repeating the steps of generating, solving, converting, 50 

calculating, and determining. 
2. The method of electromagnetic band gap structure syn­

thesis of claim 1, wherein the set of desired characteristics 
comprises an on-set frequency of a band gap and an offset 
frequency of the band gap. 55 

3. The method of electromagnetic band gap structure syn­
thesis of claim 1, wherein the step of generating a plurality of 
populations of a plurality of patch shape members with a 
genetic algorithm includes initializing a plurality of popula­
tions, wherein the number of populations initialized ranges 60 

from around 4 to around 30. 
4. The method of electromagnetic band gap structure syn­

thesis of claim 1, wherein the step of generating a plurality of 
populations of a plurality of patch shape members with a 
genetic algorithm includes selecting around 50% of the plu- 65 

rality of patch shape members from each population for 
modification. 

nique. 
12. The method of electromagnetic band gap structure 

synthesis of claim 1, wherein the set of response data includes 
a set of impedance parameters. 

13. The method of electromagnetic band gap structure 
synthesis of claim 1, wherein the step of calculating a fitness 
level for each set of response data involves comparing a 
dispersion diagram to the set of desired characteristics for an 
electromagnetic band gap structure. 

14. An electromagnetic band gap synthesizing system 
comprising: 

a processor and memory; 
an input parameter unit for receiving a set of desired char­

acteristics for an electromagnetic band gap structure, 
wherein the input parameter unit is stored on the 
memory and configured to be executed by the processor; 

a genetic algorithm unit for generating a plurality of popu­
lations of a plurality of patch shape members, wherein 
the genetic algorithm unit is stored on the memory and 
configured to be executed by the processor; 

a solving unit for solving one or more of the plurality of 
patch shape members of one or more the plurality of 
populations with an electrodynamics modeling tech­
nique, wherein the solving unit is stored on the memory 
and configured to be executed by the processor; 

a converting unit for converting the output of the electro­
dynamics modeling technique into a set of response data 
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for one or more of the plurality of patch shape members 
for one or more of the plurality of populations, wherein 
the converting unit is stored on the memory and config­
ured to be executed by the processor; 

a calculating unit for calculating a fitness level for one or 
more of the sets ofresponse data in comparison to the set 
of desired characteristics for the electromagnetic band 
gap structure, including evaluating the one or more of 
the plurality of sets of response data to determine 
whether an isolation level has reached a target amount, 
wherein the calculating unit is stored on the memory and 
configured to be executed by the processor; 

an evaluation unit for determining whether the fitness level 

18 
mined tolerance, wherein the iteration unit is stored on 
the memory and configured to be executed by the pro­
cessor. 

15. The electromagnetic band gap synthesizing system of 
claim 14, wherein the genetic algorithm unit initializes a 
plurality of populations, wherein the number of populations 
initialized ranges from around 4 to around 30. 

16. The electromagnetic band gap synthesizing system of 
claim 14, wherein the genetic algorithm units selects around 

10 
50% of the plurality of patch shape members from each 
population for modification. 

17. The electromagnetic band gap synthesizing system of 
claim 14, wherein the genetic algorithm unit performs a 
crossover operation on a portion of the plurality of patch 
shape members. 

18. The electromagnetic band gap synthesizing system of 
claim 14, wherein the genetic algorithm unit performs a muta­
tion operation on a portion of the plurality of patch shape 
members. 

of one of the plurality of patch shape members is within 15 

a predetermined tolerance, wherein the evaluation unit is 
stored on the memory and configured to be executed by 
the processor; and 

19. The electromagnetic band gap synthesizing system of 
20 claim 14, wherein the set of desired characteristics comprise 

an on-set frequency of a band gap, an offset frequency of the 
band gap, and an isolation level. 

an iteration unit in communication with the genetic algo­
rithm unit for providing the plurality of populations of 
the plurality of patch shape members to the genetic 
algorithm unit if none of the plurality of patch shape 
members provides a fitness level within the predeter- * * * * * 


