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Abstract

Evolutionary optimizatioh of microstrip-line element in microwave circuit
design is presented in this paper. Topology and dimensions of microstrip elements are
expressed by sets of parameters. The sets of patameters are then optimized by genetic
algorithms (GA) to satisfy our circuit performance or specifications. The
S-parameters are synthesized to obtain and verify the response of the circuit. The
applications discussed include two topics. In the first part, we investigate the
microwave passive circuit design using GA: dual-band band-pass filter and ultra
wideband band-pass filter synthesis and implement. In the second part, we utilize
genetic algorithms in microwave active circuit design: low noise amplifier (LNA)
design and simulation. Step-by-step implementation aspects of the GA are detailed,
through an example with the object of providing useful guidelines for the synthesis
method. Circuit pattern constraints and multi-objective design goals are also
implemented and discussed in the optimization process. These results have validated

our proposing procedure.
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Chapter 1

Introduction

This article recommends designing the microwave circuit using Genetic
Algorithm (GA), which includes two major parts : passive circuits and active circuits.
In the part of passive circuits, we will use GA to design and implement Dual-band
band-pass filter and Ultra wideband band-pass filter. In the part of active circuit, we
will design the Low noise amplifier with GA and prove it with the microwave

simulation software and circuit measurement.

1.1 Review

First of all, designing by-microwayve circuit theory method in passive and active
synthesized process review piece by piece-instead of the one that designed by ways of

performing algorithms.

(1) Microwave passive circuits

(i) Dual-band band-pass filter
The most common application in WLAN is Dual-band band-pass filter which
includes 2.4GHz and 5.2GHz ISM band. In ref [5], the complex variable S in the
frequency domain is replaced by a function of the complex variable z by using
Z-transform technique. An analog filter prototype will become discrete-time
prototype and a dual -band filter consists of a band-stop filter and a wideband filter in
a cascade connection. In ref [29], the dual behavior resonator (DBR) allows the direct

design of dual-band resonator, but no circuit models are available for the five-branch



discontinuities.

(iUltra wideband (UWB) band-pass filter

The indoor environment frequency range in 3.1GHz to 10.6GHz, which is a norm
made by FCC, has made the engineers pay attention to both the performance and size
while designing UWB circuits. In ref [41], UWB band-pass filter consists of
microstrip ring filter, which is a kind of dual-mode resonator so it can make the
compact configuration. However, this kind of microstrip structure including a lot of
T-junctions and curve-lines may cause more errors between circuit design and

implementation result, if we lack the accurate models.

(2) Microwave active circuits
(i)Low Noise Amplifier (LNA)
The traditional design method ' consults the procedure introduced in ref [18],
having included drawing stability: circles » constant gain circles and noise figure

circles.... They are complex designing ways.

1.2 Motivation

Because introduce and design the circuit structure with higher complexity in the
front, we have proposed GA to design the microwave circuit, have simplified the
design procedure entirely. GA was proposed by John Holland [1] in 1975 and the
algorithm came according the concepts of the nature selection. The next page will
introduce some terminologies of GA in Fig.1.

Here we present the synthesis of planar passive and active circuit design using

the GA in connection with a full-wave analysis. The method is illustrated by the



design of a Dual-band band-pass filter and an Ultra wideband band-pass filter and
LNA applications as well as a microstrip topology and optimization problems. In the

examples given, the performance of the GA is compared with the circuit implement ~

measurement or simulation.

Gene : Circuit element

Chromosome : Circuit pattern

Population : Lots of circuit patterns

& Parents : Selection from population
!'"'E' Children : Reproduction from parents
'#*#- Ti-kti'? Generation - Iterative process of the above-mentioned
'T Fitness-: Interms. of fitness-function to pick up the
best chromosome

Fig.1 GA terminology

We recommend using several kinds of microstrip elements to form the
component library of GA procedure. There are four kinds of microstrip elements:
transmission-lines~ open-stubs~ stepped-impedance stubs and short-stubs. Then encode
the microstrip to binary-code or real-code parameter modeling, which is so-called
gene and then formed chromosome by genes. GA simulated biological evolution when
searching the parameter space. The design parameters change according to the same
rules as the chromosome set of individuals in an evolutional process. These are
reproduction ~ crossover and mutation. We apply these rules to microwave circuit
topology searching and optimizations. Certain circuit elements and properties such as

widths and electrical lengths are defined by a set of chromosomes. In doing so the



microwave circuit evolves towards an optimal goal designed by the natural law of the
“survival of the fittest”. The goal was defined in advance as S21 ~ S11 in passive circuit
(Filter) design or others performance specifications.

We also make a verification by software, the Microwave-Office and actual
circuit implement. Distinction between our research and other EM software simulated

methods are listed in Table.1 :

Our research EM software
GA method method

Circuit Pattern Evolutionary Fixed
optimization

Table.1 Distinction between our proposed method
and other EM software methods

Compare to the other microwave simulation softwares. In GA method, we put
forward circuit patterns variably. Select elements'at random in the component library
and get the best circuit to solve'by. ways of €volutionary optimization. The general
simulation software is regular circuit pattern and optimize only to characteristic
impedance and electrical length. The advantage of GA method that we proposed is the
wide range of application. So long as we establish the performance specifications and
component library in advance, GA can be arranged and formed the circuit pattern and
structure parameters which accord with the performance specifications of design.

In microwave active circuit design, there are actually few relevant documents but
there are more documents of filter and array antenna using GA methods. Therefore,
this research especially proposes with GA and uses evolutionary microstrip element to
design LNA. Because the goal factors needed to consider will come than S21 - Si1 of
filter while designing LNA : including gain ~ stability * noise figure ~ input matching

and output matching..., we use GA strong capability, multi-object functions of



carrying on every above-mentioned project and the factors are searched. Through the
GA design result of LNA, it verifies the function of multi-objects searching, which

can extensively apply to other microwave component and circuit design.

1.3 Organization

This thesis is organized as follows : Chapter 2 introduces GA theory and
implement method in passive circuit (Filter) design and active circuit (LNA) design.
Chapter 3 describes passive circuit design : Dual-band band-pass filter and Ultra
wideband band-pass filter design and measurement. In chapter 4, we will present
active circuit design (LNA) that is similar to the methods in chapter 3. In chapter 5,
we will make conclusions and bring;out: the fabrication constraint and other novel

ideas that can be investigated in the future;



Chapter 2

GA theories and implement methods

2.1 Passive circuit : Filter design method

2.1.1 Microstrip elements

This method consists of 4 microstrip elements in library. They are Transmission

-Line (type-1) ~ Parallel Open-Stub (type-2) ~ Parallel Open Stepped-Impedance Stub

(type-3) and Parallel Short-Stub. See configuration in Fig.2.

O | O
o— 7z o 70 I 2
< i > |
O O Zol Ill
(Transmission-Line)
O O
(Stepped-Impedance Stubs)
O i O O | O
ZO I ZO I
® O O |
(Open Stub) (Short Stub)

Fig.2 Microstrip element configuration

2.1.2 Element encoding methods

The way to encode these microstrip elements are according to ref [2], it belongs



to real-coded methods. Real-coded GA will be more efficient than Binary-coded GA,

further discussion in ref [16].

Each one includes within gene : Type (modeling of the circuit) ~ Zo (characteristic
impedance) and Theta (electrical length). They form a group of chromosome by n
genes and form a group of population by m chromosomes. Fig.3 illustrates the

element encoding method.

gene-1 (element-1) gene-2 (element-2) gene-n (element-n)
chromosome-1
. T Y/ Thet T Y/ Theta feeeeeeee Type Zo Theta
(circuit pattern-1) e 0 o e 0 o P
' hr 2
0 Cromosome-2 w0 | 70 | Theta | Twoe | 7Zo | Theta beeeeeeee
p | (ciruit patern-) Type Zo Theta | Type Zo Theta Type Zo Theta
u
1
a
t
i
0
n
|
m
gene-1 ‘ gene-2 gene-n
chromosome-m
Zo Theta Type Zo0 Theta feeeee- Type Zo Theta

(circuit pattern-m) Type

Fig.3 Element encoding method in GA

2.1.3 Random initial circuit

After establishing performance goal and some parameters in advance, the GA
program produces the initial circuit at random between the upper and lower limits of
the component structure size and produces the initial circuit in genotype real-coded
form at random. Fig.4 shows the genotype parameters of random initial circuit. Fig.5

shows the phenotype (circuit pattern) of random initial circuit.



gene-1 gene-2
’
chromosome-] | 2:31.75,135.3 | 1,47.34,85.11 | .......
type=2 type=1
z0=31.75(ohms)  z0=47.34(ohms)

theta=135.3(deg) theta=85.11(deg)

ccece

gene-n
f—/%

4,78.92,108.8

type=4
20=78.92(ohms)
theta=108.8(deg)

55— 50 —~c—® —c'S 0T
A

chromosome-m | 1,62.10,90.5

gene-1 gene-2 gefle-n
~ - ~ —
3,85.1,37.9,47.5,61.8 |..... 2,45.76,160.40

\

typel=Transmission-Line  type2=open-stub
70=[z0-min zo-max] 70=[z0-min zo-max]
theta=[th-min th-max] theta=[th-min th-max]

chromosome-1 : port-1

chromosome-m : port-1

type3=stepped-impedance  typed=short-stub
z01=[zo1-min zo1-max]
702=[z02-min zo2-max]

70=[z0-min zo-max]
theta=[th-min th-max]

thetal=[th]-min thl-max]
theta2=[th2-min th2-max]

Fig.4 The cohcept of random initial circuit

0000000000000 por‘t—z

&= Via hole

©00000000000000 0 por‘t_2

Fig.5 Circuit pattern of random initial circuit



2.1.4 Chromosome (circuit pattern) transfer to S-parameter

Transfer the chromosome of the population to S-parameter, and we obtain the
frequency response shown in Fig.6. Compare with object-function (goal) and
calculate the error function, which we defined it as fitness-function. We can find out

the good and bad degrees of quality of these chromosomes.

S21 Object-Function

Fig.6 S-parameter and Object-function

After comparing with object-function of all chromosome, we obtain the fitness
-function of all chromosome in Fig.7. We can find out which one is the best of the
population. The fitness function of chromosome-2 is 324, which is the best one of the

population.



s21
chromosome-1 W fit=7935
s21
chromosome-2 ﬂ fit=324 \/ best chromosome

B—Borean —c0oT
-

: 21
chromosome-m fit=4163

\ f

Fig.7 The fitness-function of population

2.1.5 Tournament selection amongpopulation

Tournament selection is depicted "in Fig.8. In tournament selection, a
subpopulation of N individuals is chosen at random from the population. The
individuals of this subpopulation compare with the basis of their fitness-function. The
individual in the subpopulation with the highest fitness wins the tournament and
becomes the selected parent. All of the subpopulation members are then place back
into the general population and the process repeats.

Implementation of this type of selection is fairly straightforward. A random
number generator is used to generate a number between 1 and the number of
individuals in the population. This number then indicates an individual that is

participated in the tournament.

10



(Random Select

( Subpopulation )

® &
@@/

——> @ Parent

( Tournament Select )

( Population )

2.1.6 Reproductive cycle of GA 1

5 —B5 0o~ ®» —= 0T 0T

Fig.8 The concept of tournament selection

chromosome-| (sub-population) S d
chromosome-2 random tournament 5
lect elect -
crossover
mutation = —
random tournament reproduction
lect o,
select % parent-2 I: o ... children-2 I:]
chromosome-m
hr -1
cronene RC<=0.6 — crossover
chromosome-2 Random
Creator 0.6<RC<0.9 — reproduction
0~1 .
RC>= 0.9 — mutation
replace old population <
as a new generation
chromosome-m

(temporary population)

Fig.9 Evolutionary reproduction cycle of GA
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Once a pair of individuals have been selected as parents, a pair of children are
created by reproducing and recombining and mutating the chromosomes of the parents
utilizing the basic genetic algorithm operators : reproduction ~ crossover and mutation.
They are applied to a random creator probability Preproduction » Pcrossover and Pmutation. If
random creator >=0.9, chromosome mutation process is selected. If random creator
<=0.6, chromosome crossover process is selected. The probability between 0.6 and
0.9, chromosome reproduction process is selected. In Fig.9, until children fill-up the
temporary population, it will replace the old population so-called a new generation or

the next generation.

2.1.7 GA operators

Crossover : The crossover operator accepts the parents and generates two
children. Many variations of-crossover-have been developed. The simplest one we
adopted is single-point crossover shown=in. Fig.10. In single-point crossover, a
random location in the parent’s chromosomes is selected. The portion of the
chromosome preceding the selected point is copied from parent 1 to children 1 and
from parent 2 to children 2. The portion of the chromosome of parent 1 following the
randomly selected point is placed in the corresponding positions in children 2 and
vice versa for the remaining portion of the chromosome of parent2.

The effect of crossover is to rearrange the genes with the object of producing
better combinations of genes, thereby, resulting in more fit individuals. The
recombination process represented by crossover is the more important of other GA
operators discussed in this section. Typically high probability Pcrossover values have

been found to work best in most situations.

12



parent-1-

parensi;-:_z .

children-1

children:}

parent-1

Gene-
1n

Gene-
2n

random-select
crossover-point

15 16
Gene- Gene-
25 26

Gene-
2n

Gene-
1n

r0ssoVer point=5

Gene- Gene-
15 26
Gene- Gene-
25 16
q
E[Spr Y
2 ]
|
- =]

- = -children=1

3

crossover point=>5

parent-2

Mutation : The mutation operator provides a means for exploring portions of the

solution surface that are not represented in the genetic make-up of the current

children-2

Fig.11 The circuit pattern of crossover
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population. In mutation, an element in the string making up the chromosome is
randomly selected and changed. In the case of real-coding, select one bit from the
amounts of chromosome string and change it. According to a random creator, if
random creator>2/3, it carries out type mutation. If random creator<=1/3, it carries
out theta mutation. If random creator between 1/3 and 2/3, it carries out zo mutation.
The mutation ranges between the upper and lower limits of the element that made in
advance. Fig.12 shows the concept of mutation. For example, mutation-point-1 is 7 in

parent #1 and mutation-point-2 is 3 in parent #2.

mutation-point-1

parent-1 | Gene-1 | Gene-2 | Gene-3 | Gene-4 | Gene-5 | Gene-6 | Gene-7 | Gene-8 | Gene-9 | Gene-n

parent-2 Gene-1 Gene-2 Gene-3 Gene-4 Gene-5 Gene-6 Gene-7 Gene-8 Gene-9 Gene-n

]

mutation-poin-2

Random RC>2/3 — type,zo,theta mutation
Creator 1/3<RC<=2/3 — zo mutation
0~1 RC<=1/3 — theta mutation

Fig.12 The concept of mutation

If random creator selects 0.5 in parent #1 with mutation-point-1, perform zo
mutation in the zo-max and zo-min. In this example, we assume that zo mutates to
high characteristic impedance. If random creator selects 0.7 in parent #2 with
mutation-point-2, perform type mutation in the element library and select which

element and produce characteristic impedance and electric length at random.

14



mutation
point=7
rand=0.5

parent-1 I ﬂ L

mutation
I~ point=3
rand=0.7

parent-2

children-1 I = it

children-2

Fig.13 The circuit pattern of mutation

Generally, it has been suggested that mutation should occur with a low
probability. It usually disrupts the progress toward a converged population and

interferes with the beneficial action of the crossover and selection.

15



Reproduction : The entire chromosome of parent 1 is copied to children 1 and
similarly for parent 2 and children 2. The decision to perform crossover ~ mutation and

reproduction involves the generation of a random number between 0 and 1 and the

comparison of this random number with the stored values for Pcross * Pmutation and

Preproduction.

2.1.8 General structure of GA

Synthesize the above discussion and we can get the following structure of

genetic algorithm in Fig.14.

( Define Coding and Chromosome Representation )

type L] O i , . .
70 i y o e e
theta —

(_Element) —» (Gene) —» (Chromosome )
Initialize <:> Evaluate Fitness

Population

Perform

parent#1,parent#2

' Mutation } (Reproduction Cycle )

Until Temporary
Population is Fill

Replace Population

11

Evaluate Fitness

1L

Until Object Function or .
.. L Finish
Termination Criteria is Met

Fig.14 General structure of GA in this thesis
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2.1.9 Termination criteria is met

According to the evaluation of fitness-function and other setting parameters, the
termination criterion is then evaluated. If it has not been met, the reproduction
process is repeated. What is the termination criterion? For example, if any
fitness-function of chromosomes accord with this condition which the threshold on
the best individual we set with fitness-function as 200 in advanced, then GA program
will stop and find out the best individual as our optimization solution. If the presetting
generation as 300, when the iterative reproduction process come to 300, the GA
program will stop and find out the best individual as our optimization solution.

For filter design example, the best chromosome is : (fitness=176.9247)
[2,57.644,177.13] [1,50.725,114.56] spnsisun....... [1,46.803,45.117] [2,78.761,199.49]
After transferred it to the S-parameter and plotted a chart of the frequency-response,

we can obtain and validate the best GA design of band-pass filter.

S21

fitness=176.9247

Fig.15 The best design of band-pass filter in frequency-response
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2.2 Other investigation into microwave filter design using GA

Table.2 Microwave filter design using GA

Topology Population | Generation | Crossover | Mutation Coding
[3] Microstrip 500 | e | e | Binary
evolutionary
[37] | Component | .......... 22-59 | ] Binary
[48] | shapes 100 100 0.75 0.03 Binary
[39] | Multiple layer 100 1000 | .......... 0.01-0.1 Binary
[40] | structure 250 | Ll Random | 0.0001-0.1 Real
[7] Fixed circuit | .......... | o | s |
pattern
[49] | Lumped 4057 | TS 0.6 0.01 Binary
prototype

List some relevant research of designing filter with GA in table.2.

A. In ref [3], the paper uses evolutionary generation of microwave line-segment

circuits. Topology and dimensions of line-segment circuits are expressed by sets of

parameters, which describe the way of structural growth of line-segment circuits. The

sets of parameters are then optimized by genetic algorithms to satisfy specifications.

Using line-segments can obtain not only small components for limited space

applications, but also large components for wide-band frequency specifications

without increasing computational complexity. Because the line-segment structures are

very complex and unpredictable, it causes the evolutionary and optimum searching

time very long. Fig.16 explains the circuit pattern of ref [3].
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Fig.16 Circuit patterns in ref [3]

B. In ref [37][48], the paper uses microstrip component shapes in filter design. A
predefined layout area and Contour; -fitting into a regular grid and consisting of
invariable and of optimal metallization patches is reconfigured automatically in shape
by intelligent placement of the optimal patches in order to achieve the prescribed

component specifications. Fig.17 illustrates the component shapes.
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Fig.17 Component shapes in ref [37][48]
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C. Multiple layer structure for filter design is shown in ref [39][40]. The GA
simultaneously optimizes the material in each layers as well as its thickness. The
result is a multi-layer composite that provides a maximum absorption of both TE and
TM waves for a prescribed range of frequencies and incident angles. The technique
automatically places an upper bound on the total thickness of the composite as well as

on the number of layers that form the composite.

D. Fixed circuit structure and pattern for filter design illustrated in ref [7]. It’s
similar to those general microwave simulation softwares which optimize the
characteristic impedance and electrical length of the structure. Circuit patterns

optimum process is shown in Fig.18.

12 14 16 13 30 32
[mm]

Fig.18 Circuit patterns optimum process in ref [7]

E. Lumped-element prototype optimization illustrated in ref [49].

F. After explanation and comparison of the above, we can find out this
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microstrip-line element that we proposed is a simple structure and easy to model into
component library. Select the initial circuit element at random in the component
library, and then perform GA to optimize the characteristic impedance and electrical
length with real-coded parameters. It will satisfy the circuit performance specification

established in advance.

2.3 Active Circuit : LNA design method

FET or
Transistor
Z, =50Q Input Output
matching matching $Z, =50Q
Vs network network

Fig.19 Scheme of LNA

This thesis proposes using GA and brings evolutionary microstrip-line element to
design LNA. There are not any investigations with this method to design LNA. We
will explain the design method step by step and validate it by, the Microwave-Office

software.

2.3.1 Element encode and initial circuit pattern

The course of the component modeling of the circuit and encode method is
similar to the microwave filter design mentioned above. It’s different from cutting the
chromosome in half. The preceding half of the chromosome is input-matching

elements, and the following half is output-matching elements. We put S-parameter of
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FET in the middle of the chromosome, and transfer it to ABCD matrix in cascade

form.

Gene- | Gene- | ... Gene- FET or Gene- | ... Gene-
1 2 (2/n) | Transistor | (2/n+1) n

chromosome

Fig.20 LNA element encoding method

Chromosome-1 : [Gene-1 » Gene-2 » ... » Gene-(N/2) » FET » Gene-(N/2+1) » ... » Gene-N]
Chromosome-2 : [Gene-1 » Gene-2 ... » Gene-(N/2) » FET » Gene-(N/2+1) > ... » Gene-N]

(E—B 0~ —e D5 © 9)
A

\ Chromosome-M : [Gene-1  Gene-24"... ».Gene-(N/2) » FET » Gene-(N/2+1) » ... » Gene-N]

Fig.21 INAvelement encoding and initial circuit parameter

Fig.21 has stated the parameter structure of the whole initial circuits of LNAs.

Similarly they include type ~ zo and theta within each gene.

2.3.2 Multiple object-functions

Designing of microwave filter needs only to consider the goals such as S21 and
S11, etc... In the design of LNA, there are a lot of factors needed to be considered, so
it is a multiple objects searching problem. These objects include stability ~ gain ~ noise
figure ~ input-matching and output-matching factors... The course of GA searching

procedure must confirm |I"in|<1 and |I out|<I so as to ensure that LNA will not be
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unstable. Fig.22 illustrates GA S-parameter and sketches a chart of object-function in
the course of searching. Similarly, compare with object-function according to

frequency-response of S-parameter and calculate the fitness-function.

20 = T T T | !

Gain Object-FUNCHiON 7T .vvoooooe b v Sat
e g QT NFNE ObjectFunetion 4 ez T
D NETANY. SR TN R
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4|]_ __________________________________________ 4
& ; : : i :

2 & 4 A B 7 8

Fig.22 LNA frequeney=response of S-parameter and object-function

2.3.3 GA evolutionary process

It’s the same as the process of the filter design. After the object-function presets
the generation or threshold on the best individual, the global optimization solution is
met. Transfer the best chromosome (circuit pattern) to S-parameter and plot a chart of
frequency-response, and we can obtain the best design of LNA, which will satisfy our

performance specification.

2.3.4 Fabrication constraint of LNA

For example, if the parallel stub is in front of or following FET, there will be a
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tiny gap between ground-pad of this stub and LNA and that will induce the signal or
produce some unexpected situations, shown in Fig.23. Therefore, we constrain the
element in front of or behind the FET to be type-1 (transmission-line) to avoid these

problems.

tiny gap between stub
and FET ground-pad

!

: inducement
problems

casy to solder the
ground-pad

eooo eooo
gene(n/2) constrain gene(n/2+1) constrain
to be type-1 to be type-1

Fig.23 Fabrication constraint of LNA circuit pattern
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Chapter 3
Passive Circuit Design

3.1 Dual-band band-pass filter (Dual-BPF) for WLAN

Now we will design a 2.4GHz and 5.2GHz ISM band-pass filter for WLAN
application. GA library elements are the simplest microstrip-line structure mentioned

above.

3.1.1 WLAN Dual-BPF’s GA parameter setting in advance

Table.3 GA parameter setting of WLAN Dual-BPF

geneNum=17 Freq S»=[1.0,2.0,2.4,2.5,2.9,4.7,5.1,5.9,6.3,7.0]
Generation=200 Goal-$2=[-30,-30,0,0,-30,-30,0,0,-30,-30]
Selection=3 Weight S»1=[10,1,30,1,10,1,30,1,10]
Pmutation=0.1 Freq Sn=[2.4,2.5;5.1,5.9]

Pcrossover=0.6 Goal Su=[-15,-15 ; -15,-15]

fo=4.0GHz Weight Su=[15; 15]

freqRange=1.0~7.0GHz Freq S»=[2.4,2.5;5.1,5.9]

freqStep=0.1GHz Goal S»=[-15,-15 ; -15,-15]

TL Zo(min)~TL Zo(max) Weight Sx=[15; 15]

TL Theta(min)~TL Theta(max) Ripple=0.1
Stub Zo(min)~Stub Zo(max)
Stub_Theta(min)~Stub Theta(max)

We establish the microstrip-line elements as 17, GA iterative generation as 200,
subpopulation of tournament selection process as 3, mutation rate as 0.1, crossover
rate as 0.6, center frequency setting as 4.0 GHz, display frequency range between 1.0

GHz and 7.0 GHz, the sampling frequency of procedure operation of GA as 0.1 GHz,
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the pass-band ripples setting as 0.1 dB. Frequency-response specification is setting by
Freq S21 ~ Goal S21 and Freq Si11 ~ Goal Si1..., and then multiplied by the weighting

value and we obtained the fitness-function.

3.1.2 GA for WLAN Dual-BPF optimum solutions

After 200 generation of GA computational process, the best microstrip elements

can be found in cascade form and shown in table.4.

Table.4 Optimum elements of WLAN Dual-BPF

Type Zo (ohms) Theta (deg)
4 66.816 77.869
1 79991 132.75
3 32.802 | 89.564 120.35 131.11
1 86.499 124.94
4 85.577 37.246
1 40.522 108.84
3 4294 44.739 149.22  129.47
1 57.338 134.85
4 58.315 112.4
4 35.338 158.06
1 65.704 133.3
1 60.011 134.58
3 62.309 82.435 40.685 126.8
3 65.25  50.75 51.03  69.076
1 39.984 101.51
2 87.718 107.27
3 36.683 47.456 140.69 116.09

Table.4 illustrates these optimum elements forming the filter circuit pattern. For
example, the first one is type-4 which means a parallel short-stub and its
characteristic impedance is 66.816 (ohms), and the electrical length is 77.869

(degrees). The following rows are all the same concept.
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Fig.24 shows the convergent situation of the GA fitness-function. The
average-score converges from 9488.7 to 1452.75 and the minimum-score converges

from 5804.2 to 389.11.

10000
00 |
0
7000

\

6000 \ Avg_Score
Fitness | 5000 \ /
functi s
AR 4000 \h \ Min_Score
0 S fww_\
200 uh% S

25 50 75 100 125 150 175 200

Generation

Fig.24 Convergent situation of the GA fitness-function
in WIEAN Dual-BPF

3.1.3 Implementation and measurement of WLAN Dual-BPF

The optimum frequency-response with GA is shown in Fig.25. A final circuit
pattern is obtained by conventional optimization software, the Microwave-Office. The
actual circuit characteristics and the measured S21 response is shown in Fig.26.
Similarly, the Si1 response is shown in Fig.27. The specifications are Si11 ~ S22<-15dB
from 2.4 to 2.5 GHz and 5.1 to 5.9 GHz, S21 <-30dB from 1.0 to 2.0 GHz and 2.9 to
4.7 GHz and 6.3 to 7.0 GHz, and two pass-band from 2.4 to 2.5GHz and 5.1 to 5.9
GHz. These S21 specifications are met in this example; nevertheless Si1 and S22 are

about -12dB at first pass-band and -10dB at second pass-band. The insertion losses
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are below 1.5dB at two pass-bands. However, the real circuit is relatively large in size,

probably about 11 centimeters, shown in Fig.28.

Fig.25 Frequency-tesponse by GA of WLAN Dual-BPF
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Fig.26 S21 measured response of WLAN Dual-BPF
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Fig.28 Actual circuit pattern of WLAN Dual-BPF

(€=3.38)
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3.2 Dual-band band-pass filter (3.4-4.2 GHz, 5.6-6.4 GHz)

Another example of a dual-band band-pass filter is two pass-bands which are 3.4

GHz to 4.2 GHz and 5.6 GHz to 6.4 GHz.

3.2.1 GA parameter setting and optimum solutions for Dual-BPF
(3.4-4.2 GHz, 5.6-6.4 GHz)
GA parameter settings are similar to previous section shown in table.5. The
microstrip-line elements are established as 11, GA iterative generation as 200,
subpopulation of tournament selection process as 3, mutation rate as 0.1, crossover

rate as 0.6, center frequency setting as 4.9 GHz, display frequency range between 2.4

Table.5 GA parameter s¢tting ofjDual-BPF (3.4-4.2 GHz, 5.6-6.4 GHz)

geneNum=11 Freq S21=[2.4,3.0,3.4,4.2,4.6,5.2,5.6,6.4,6.8,7.4]
Generation=200 Goal S21={-30,-30,0,0,-30,-30,0,0,-30,-30]
Selection=3 Weight S21=[10,1,30,1,10,1,30,1,10]
Pmutation=0.1 Freq S11=[3.4,4.2;5.6,6.4]

Pcrossover=0.6 Goal Si11=[-15,-15; -15,-15]

fo=4.9GHz Weight S11=[15 ; 15]

freqRange=2.4~7.4GHz Freq S22=[3.4,4.2;5.6,6.4]

freqStep=0.05GHz Goal S22=[-15,-15; -15,-15]

TL Zo(min)~TL Zo(max) Weight S22=[15; 15]

TL_Theta(min)~TL_Theta(max) Ripple=0.1
Stub_Zo(min)~ Stub_Zo(max)

Stub_Theta(min)~ Stub_Theta(max)
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and 7.4 GHz, the sampling frequency of procedure operation of GA is setting as 0.05
GHz, the pass-band ripples setting as 0.1dB. The specifications are S11 ~ S22<-15dB
from 3.4 to 4.2 GHz and 5.6 to 6.4 GHz, S21 <-30dB from 2.4 to 3.0 GHz and 4.6 to
5.2 GHz and 6.8 to 7.4 GHz, two pass-band from 3.4 to 4.2 GHz and 5.6 to 6.4 GHz,
and then multiplied by the weighting value and we obtained the fitness-function.
After 200 generation of GA computational process, the best microstrip elements
can be found in cascade form and shown in table.6. The best chromosome fitness

score 1s 289.63.

Table.6 Optimum elements of Dual-BPF (3.4-4.2 GHz, 5.6-6.4 GHz)

Type 70 (ohms) Theta (deg)

4 73.459 189.56

3 68.026 57.961 129.52  42.022
1 46,509 63.743

4 62:448 190.57

2 65.996 186.74

1 36.412 60.873

2 39.965 185.02

3 34.878 40.323 140.15 121.87
1 32.751 65.361

4 87.821 178.3

2 64.649 186.39

3.2.2 Circuit implementation and measurement of Dual-BPF (3.4-4.2
GHz, 5.6-6.4 GH2)
The optimum frequency-response with GA is shown in Fig.29. Final circuit
pattern is obtained by conventional optimization software, the Microwave-Office. The

actual circuit characteristics and the measured S21 ~ S11 response are shown in Fig.30.
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(GH2z)
Fig.29 Frequency-responsé by GA of Dual-BPF (3.4-4.2 GHz, 5.6-6.4 GHz)
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Fig.30 Measured frequency-response of Dual-BPF (3.4-4.2 GHz, 5.6-6.4 GHz)
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All specifications are met in this example. The insertion losses are below 1.5dB
at two pass-bands, and stop-band between 4.6 and 5.2 GHz is below -40dB.
The real circuit is relatively small in size, probably about 3 centimeters, shown in
fig.31. It can be found out while synthesizing the above result and this circuit is pretty

good.

Fig.31 Actual circuit pattern of Dual-BPF (3.4-4.2 GHz, 5.6-6.4 GHz)
(€r=3.38)
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3.3 Ultra wideband band-pass filter (UWB BPF)

The Federal Communication Commission (FCC) authorized the commercial use
of the UWB technology in February 2002, where the frequency range of the spectrum
mask in an indoor environment is from 3.1 GHz to 10.6 GHz. In this thesis, we are
using the fundamental transmission characteristics of the developed UWB BPF, which

has a flat response in the frequency range from 3.1 GHz to 10.6 GHz.

3.3.1 UWB BPF’s GA parameter setting in advance

Table.7 GA parameter setting of UWB BPF

geneNum=15 Freq S»=[1.1,2.1,3.1,10.6,11.6,12.6]
Generation=200 Goal: S21=[-30,-30,0,0,-30,-30]
Selection=3 Weight S»=[10,1,30,1,10]
Pmutation=0.1 Freq: S1u=[3.1,10.6]

Pcrossover=0.6 Goal Si=[-10,-10]

fo=6.8GHz Weight Su=[15]
freqRange=1.1~12.6GHz Freq S»=[3.1,10.6]
freqStep=0.1GHz Goal S»=[-10,-10]

TL Zo(min)~TL Zo(max) Weight Sx=[15]

TL Theta(min)~TL Theta(max)  Ripple=0.1
Stub_Zo(min)~ Stub_Zo(max)
Stub Theta(min)~Stub_Theta(max)

The microstrip-line component is established as 15, GA iterative generation as
200, subpopulation of tournament selection process as 3, mutation rate as 0.1,
crossover rate as 0.6, center frequency setting as 6.8 GHz, display frequency range

between 1.1 and 12.6 GHz, the sampling frequency of procedure operation of GA is
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setting as 0.1 GHz. The pass-band ripples setting as 0.1dB. The specifications are

S11 ~ S22<-10dB from 3.1 to 10.6 GHz, S21 <-30dB from 1.1 to 2.1 GHz and 11.6 to
12.6 GHz, pass-band from 3.1 to 10.6 GHz, and then multiplied by the weighting

value and we obtained the fitness-function.

3.3.2 GA for optimum solutions of UWB BPF

The best microstrip-line elements can be found after 200 generational progress in
cascade configuration and shown in table.8, consists of element type ~ characteristic
impedance and electrical length in real-coded form, and then according to these
optimum microstrip-line elements to form the filter circuit pattern. The best

chromosome fitness score is 371.85,

Table.8:Optimum elémentscof UWB BPF

Type Zo (ohms) Theta (deg)
-4 86.03 103.44
1 50.114 37.326
1 33.728 68.923
4 80.769 50.279
1 37.882 63.927
4 85.076 96.653
1 63.175 109.55
| 67.8 60.23
4 61.498 92.376
1 77.052 109.56
1 77.973 56.998
-4 79.362 83.647
1 62.429 117.78
1 53.274 85.193
4 84.97 91.804

35



Fig.32 shows the convergent situation of the GA fitness-function. The
average-score converges from 24550 to 1693.2, and the minimum-score converges

from 11403.6 to 371.85.
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Fig.32 Convergent situation of the GA fitness-function in UWB BPF

3.3.3 Implementation and measurement of UWB BPF

The optimum frequency-response with GA is shown in Fig.33. Final circuit
pattern is obtained by conventional optimization software, the Microwave-Office. The
circuit implementation and measured S21 ~ S11 response in Fig.34. The insertion loss at
pass-band 3.1GHz to 10.6GHz is below 1.8dB, the measured result of Si1 and S22
below -10dB. Measured results of S21 accords with the specification that we make in
advance, but Si1 and S22 make some errors because of the actually microstrip

implementation inaccuracy.
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Fig.33 Frequency-response by GA of UWB BPF
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Fig.34 Measured frequency-response of UWB BPF
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Fig.35 Actual circuit pattern of UWB BPF

The size of the UWB BPF is about 6.5 centimeters. The performance in

simplifying and the compactness in size is not defeated by ref [41] but not so good as
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Fig.36 Group delay characteristics of UWB BPF
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Chapter 4
Active Circuit Design

4.1 Low Noise Amplifier (LNA) design

Traditional design methods are given in Guillermo Gonzalez [18], the basic
principles involved the stability ~ VSWR and gain criteria. Since a minimum noise
figure and maximum power gain cannot be obtained simultaneously, constant noise
figure circles, together with constant available power gain circles, can be drawn on
the Smith chart, and reflection coefficients can be selected that compromise between
the noise figure and gain performance. The trade-off that results from noise
considerations, stability, VSWR+and gain will be discussed in this reference.

Our proposal is based on:simple microstrip-line elements, which the component
is arranged and searched and the:structural is optimized by GA. Our proposal to
design LNA has avoided the tedious eourse in the previous paragraph, and can alter
the specification of the amplifier at will accord with the demand, and then search for
the new circuit pattern to solve it with GA. This method is validated by the synthesis
of a 4-6 GHz LNA that includes 4 types of microstrip element; transmission-line -
parallel open-stub ~ parallel stepped-impedance and parallel short-stub and NEC
NE334S01 Hetro-Junction FET. We transfer the FET S-parameter to ABCD matrix in
cascade configuration and make it easy to connect with the microctrip-line elements.
GA will optimize to search in this kind of parameter modeling. Fig.37 demonstrates

each function characteristic of the NE334S01.
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PACKAGE OUTLINE S01

TYPICAL NOISE PARAMETERS (1a=25°c)
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150 07 §2.2 2.327 -37.0 A2T -21.4 316 B6.0 1.05 11.30
155 714 T 2240 -41.8 26 -28.8 332 833 1.04 11.20
16.0 .73 76.1 2.168 -46.8 129 -31.6 352 8.7 1.01 11.55
165 752 1.3 2100 -52.7 A3 -33.2 380 7T B 10.74
17.0 7T G55 2021 -58.4 30 -38.5 .395 T4 06 10.78
175 .B03 604 1930 -65.1 A3 422 A4 GE.5 .69 11.08
18.0 817 557 1.814 -70.5 128 44.3 Ad5 G629 .01 10.62
Mote:

1. Gain Calculations:

MAG = % (K K71 ) When K < 1, MAG is undsfined and MSE values ars ussd. MSG = % [P Bl N =il e =

MAG = Maximum Available Gain
MSG = Maximum Stable Gain

(c)
Fig.37 NE334S01 super low noise amplifier

2 |51z 52|

(a). package outline (b). noise parameter

(¢). S-parameter

40

A =511 5z2 - B B2



4.1.1 LNA’s GA parameter setting

The microstrip-line component is established as 12. The first half a section of 6
components is input-matching elements, latter half is output-matching elements. GA
iterative generation as 300, subpopulation of tournament selection process as 3,
mutation rate as 0.1, crossover rate as 0.6, center frequency setting as 5 GHz, display
frequency range between 2.0 and 8.0 GHz, the sampling frequency of procedure
operation of GA is setting as 0.125 GHz. The specifications are Si1 ~ S22<-7dB from
4.0 to 6.0 GHz, S21 <-10dB from 2.0 to 3.0 GHz and 7.0 to 8.0 GHz, pass-band from
4.0 to 6.0 GHz, the goal of the noise figure as 0.3 at pass-band setting as a very high
weighted quantity, power gain as 14.0dB, ripples setting as 2dB, and then multiplied

by the weighting value and we obtainedsthe fitness-function.

Table.9 GA parametet setting-of 4-6GHz LNA

geneNum=12 Freq S2=[2,3,4,6,7,8]
Generation=300 Goal S21=[-10,-10,14.0,14.0,-10,-1
Selection=3 Weight S2=[10,1,20,1,10]
Pmutation=0.1 Freq Su=[4,6]
Pcrossover=0.6 Goal Su=[-7,-7]

fo=5GHz Weight Su=[10]
freqRange=2~8GHz Freq S»=[4,6]
freqStep=0.125GHz Goal Sx»=[-7,-7]

TL Zo(min)~TL Zo(max) Weight Sx=[10]

TL Theta(min)~TL Theta(max) Freq NF=[4,6]
Stub_Zo(min)~Stub_Zo(max) Goal NF=[0.3,0.3]

Stub Theta(min)~Stub Theta(max) Weight NF=[500]

FET S=N334S01 15mA.S2P Ripple=2

FET NF=N334S01 NF.S2P
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4.1.2 GA for optimum solutions of LNA

Table.10 Optimum elements of LNA

Type 70 (ohms) Theta (deg)
3 39.187 61.564 74.12  114.26
1 43.764 70.936
4 22.807 91.251
1 34.578 65.031
1 36.812 117.2
1 76.881 46.002
FET FET FET
1 31.455 42.82
1 77.147 63.267
1 57.199 104.16
3 56.82 _.24:205 53.619 13191
2 89.406 57.307
1 33.799 93.272

The best microstrip-line elements ‘can be found after 300 generational progress in
cascade configuration and shown in table.10, which consists of element type ~
characteristic impedance and electrical length in real-coded form, and then according
to these optimum microstrip-line elements to form the amplifier circuit pattern. In
chapter 2, the circuit pattern limits conditions that have already been discussed about.
The component before and following element of the FET, that are all type-1. Due to
the available etching technology and FET’s gate ~ drain width about 0.6 millimeters of
contact, there are microstrip-line elements width constraint in GA program.

The best chromosome fitness score is 614.17. Fig.38 shows the convergent
situation of the GA fitness-function. The average-score converges from 82567 to

2907.8, and the minimum-score converges from 14601 to 614.17.
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Fig.38 Convergent situation of GA fitness-function in 4-6 GHz LNA

4.1.3 Circuit implementation and simulation results of 4-6 GHz LNA

The optimum frequency-response with-GA'is shown in Fig.39, consists of gain ~
Si1 ~ S22 and noise figure. A final®circuit pattern is obtained by conventional
optimization software, the Microwave-Office. The circuit simulation results are
shown in Fig.40. The specifications are power gain=14+1 dB from 4.0 to 6.0 GHz, and
noise figure is below 0.3 dB, and Si1 and S22 are below -7 dB at pass-band. Insertion
loss is below -10dB at stop-band. Due to low weighting of Si1 and S22 and some
factors trade-off, these Si11 and S22 outcomes are not very good compared to the goals
we expected. The computation time was 2hrs with 200 chromosomes using Matlab.
Because of the thin microstrip lines constrained to above 0.3 millimeters and above
the width of connection of the FET, it will not present the microstrip-line segment of
very high impedance in the whole circuit pattern. Fig.41 shows the LNA circuit

pattern using substrate RO-4003, whose thickness is 0.508 millimeters and the
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dielectric constant is 3.38.

NF(dB)
3

2.5

1.5

0.5

2 3 4 5 6 7 8

(b) (GHz)

Fig.39 4-6 GHz LNA specifications by GA:
(a). frequency-response (b). noise figure
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Fig.40 4-6 GHz LNA specifications by Microwave-Office
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Via hole

port-1

Fig. 41 LNA circuit pattern
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Chapter 5

Conclusion

We have introduced an evolutionary generation of microwave line-element
circuits using GA. The developed procedure optimizes the line-element circuit within
library and ends up with a circuit that accord with specifications. Some examples of
specifications are tested to validate the procedure. GA’s are particularly effective to
find optimal solutions in high dimensional parameter spaces and multi-object
problems as they do not require derivations. Their robustness makes them a good
choice for many synthesis tasks.

Although the circuit pattern«designed with traditional transmission-line ~ parallel
open-stub ~ parallel stepped-impedancé dand parallel short-stub structure may cause a
large circuit size, the same state appears in ref [5] and [29]. For having a compact
circuit size, we can adopt hairpin-line - interdigital or cascaded trisection..., any
elements which we can translate it into ABCD matrix form for narrow-band
applications.

When in the procedure of GA operator, crossover, there will be some actual
circuit pattern make the restriction on. For example, in Fig.42, when crossover point
is selected at gene-4, the portion of the chromosome preceding the selected point is
copied from parent 1 to children 1 and from parent 2 to children 2. The portion of the
chromosome of parent 1 following the selected point is placed in the corresponding
positions in children 2 and vice versa for the remaining portion of the chromosome of
parent 2. However, notice real circuit pattern crossover of children-1. There are all
parallel stubs at gene-3 ~ gene-4 in parent-1 and at gene-5 ~ gene-6 at parent-2. When

all parallel stubs are connected together, there are no circuit models available for the
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six-branch discontinuities and it’s hard to fabricate it. We use a while-loop in
crossover process, which will completely prevent this kind of phenomenon from
taking place, but the while-loop may increase the GA computation time. For example,
in chap 3.1, WLAN Dual-BPF applications, the GA computation time is about 1.5 hr
with no constraint. If we combine the limiting conditions, the calculate time will be

turned into 3 to 5 hours using Matlab.

parent-1
QrosSQVer point
| -at gene-4
parent-2 l =
children-1 'Y P
. how to.p()rfu_ict?
children-2

Fig.42 Circuit pattern constraint in crossover process
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Diligent direction in the future lies in combining discontinuous characteristics of
microstrip-lines, which are step in width ~ open ends ~ gaps ~ bends and short ends. For
the equivalent circuit modeling of these discontinuous characteristics, we can consult
documents [24] [25] [26] [27]. To combine these equivalent circuits with GA program
will satisfy the intact function of microwave circuit design. While we are analyzing
the circuit specification that the method can’t be designed in general traditional
methods, this thesis can offer another kind of thought and direction to design, and

satisfy the characteristic demand of the circuit design.
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