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Abstract - This short paper presents the concept of particle 
swarm optimization technique applied for the design of 
broadband microwave amplifiers.  The method that is 
developed is based on Particle Swarm Optimization (PSO) 
technique applied to a compensated matching network on a 
single stage transistor amplifier to get the best optimized 
result in the design.  To prove the concept four different 
operating points were considered on the microwave 
amplifier design.  The designs were verified via simulation 
results obtained by different simulators.  It is shown that 
PSO is a fast and an efficient method and can be used in the 
design of broadband microwave transistor amplifiers.  
 
Index Terms – Optimization Algorithms, Particle Swarm 
Optimization, Broadband Microwave Amplifier Design. 
  

I. INTRODUCTION 

Particle Swarm Optimization (PSO) was initially 
developed by Kennedy and Eberhart in 1995 as a method 
for the optimization of continuous nonlinear functions 
[1].   It is based on swarming behaviors observed in 
flocks of birds, schools of fish or swarms of bees.   It has 
been shown to be effective in optimizing 
multidimensional problems.  Since the discovery of 
particle swarm optimization many researchers tried to 
improve the method by analyzing the method with 
different settings [2]-[3].  Also methods have been 
developed to handle the optimization problems with 
complex functions [4]. Over the past few years some 
researchers worked on the application of PSO to some 
antenna and propagation problems [5]-[7].  It has also 
recently been started to gain an increasing interest and 
use in microwave circuits and applications as an 
optimizing and design tool [8]-[10].  For amplifier design 
there are not many work which uses optimization tools 
for design in literature though recently some papers 
started to arise recently[11].  In this work, to the authors 
knowledge, the particle swarm optimization method is 
applied for the design of broadband microwave transistor 
amplifiers for the first time.  
 
A. General Design Approach 

The main optimization process for particle swarm 
optimization is well known and can be described in 
Figure 1 [10].    
 

Step 1: Initializeparticles
Step 2: Calculate the fitness value for eachparticle
Step 3: If fitness value is better than the particles best fitness value (pbest) in history

set current value as the newpbest
Step 4: Repeat steps 2-3 for all particles
Step 5: Choose theparticlewithbest fitness value compared to all the particles and

label this as the global best (gbest)
Step 6: Calculate andupdateeach particles velocityand position according toequations

(1) and (2) for all particles
Step 7: Calculate the fitness value for eachparticle
Step 8: If minimumerror criteria (i.e. desired fitness value of 90%of all particles)

is not achieved gotoStep 3
Step 9: Display the particles

 
Figure 1: General Particle Swarm Optimization Technique Algorithm 
 

The optimizer is started with a group of particles 
being initialized randomly.  Fitness values, which show 
how close the particles are to the desired solution are 
calculated at every iteration for each particle.  For each 
particle there is a local best solution (pbest) that is 
achieved so far in iterations, and among all of the 
solutions there is a global best solution (gbest).  
According to the equations  
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the particle updates its velocity and position and 

iteration continues until all particles reach to the 
optimized solution.  In this work, inertia weight w, is set 
to 0.65 and learning parameter c, is set to 2.05.  In this 
work, these values gave the best convergence to an 
answer compared with other values.  Though different 
settings for inertia weight and learning parameter can be 
tried, and this depends on the problem at hand, analyzing 
different values was not the aim of this work, a good 
reference for this kind of research can be found in Shi and 
Eberhart’s work [2].  rand() and rand2() are random 
numbers generated by computer and they are between 0 
and 1.  
 
B. Broadband Microwave Amplifier  Design 

Broadband microwave amplifiers are required for 
many commercial (like wireless LANs, 
telecommunication systems) and military system 
applications (e.g. airborne active phased array radar).  
Broadband microwave amplifier design usually requires 
properly design of impedance matching networks, use of 
negative feedback, use of balanced amplifiers or 
distributed amplifiers [12]-[15].  Although these methods 
exist, the design is not a very straight forward process 
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which needs compromises in gain and in return loss, in 
order to achieve a good band of operation.  In this paper, 
the design of proper impedance matching networks is 
done using an optimization procedure to meet the desired 
goals.  Specifically, the design of a single stage 
broadband microwave transistor amplifier using the 
particle swarm optimization technique is described. 

The general microwave single stage transistor 
amplifier circuit is shown in Figure 2.   
 

 
Figure 2: General Microwave Single Stage Transistor Amplifier Circuit 
 

Transducer power gain (GT) which is defined to be the 
ratio of the power delivered to the load, to the power 
available from the source is given by the equation :   
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This equation is used in determining the fitness (i.e. 

calculating the gain and checking how close this value is 
to the desired gain) where  ΓS is reflection coefficient 
looking toward the source, ΓL is reflection coefficient 
looking toward the load and S11, S12, S21, S22 are the 
transistor s-parameters.   
 

In this configuration, the relationships for ΓS and ΓL 
are related to the transmission line lengths (d1, d2, l1 and 
l2) and can be obtained via these equations: 

1
1

+
−

=Γ
Zsource
Zsource

S
    (4) 

  

1
1

+
−

=Γ
Zload
Zload

L
    (5) 

where  

)2tan(*)Re()2tan(*)Im(
))Im()2tan(()Re(

11

1

dZprsjdZprsZo
ZprsdZojZprsZsource

ππ
π
+−

++
=  

     (6) 

)2tan(1
)2tan(

1

1

lj
ljZoZprs
π
π

+
=    (7) 

and similarly 
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Since the s-parameters of the device is fixed for a 
specific frequency and operating condition, the design 
becomes finding the dimensions for the transmission 
lines which would produce ΓS and ΓL  values that would 
be used in determining the gain.  In this case, the desired 
gain value is needed to be optimized at several 
frequencies rather than only one.  In order to do this, a 
search for the length parameters directly, which will 
satisfy the desired gain at all of the predetermined 
frequencies is done.   
 

II.  WORK DONE 
 
A set of 20 ‘particles’ which holds four values; the 

values of input matching networks distance and length 
and output matching networks distance and length, (i.e. 
lengths d1, d2, l1 and l2) are created randomly. These are 
created with a random number generator between the 
lengths 0 and 0.1λc (λc  being the corresponding 
wavelength for the design center frequency).  Then with 
these values, for each particle three fitness values are 
calculated: one at the design center frequency, one at 1 
GHz less than the center design frequency and one at 1 
GHz above the center design frequency.   Lengths of the 
transmission lines, and s-parameters of the device are 
modified to take into account the different frequencies.  
In order to find the global best (gbest), the one with the 
lowest fitness value (i.e. closest to the desired center 
gain) is chosen while checking whether these parameters 
are also satisfying the gain criteria at the lower and upper 
ends.  Extra considerations are put as a stability criteria 
that for the whole range overall reflections in the system 
should all be below 0 dB.  For each particle its own ‘best’ 
solution is also kept track of as particle’s best (pbest) and 
these values are used in updating the velocity and 
position of each particle for the next iteration.  

In this work, a high-electron mobility transistor 
(HEMT), FHX35X, which is manufactured by Fujitsu 
Cooperation, was used in the test for designing 
broadband amplifiers.  For testing this methodology, four 
different center frequencies were selected and 
optimization rules for these were all set at the beginning, 
before starting the iterations.  The first test was done for a 
desired gain of 13 dB at 3 GHz center frequency, with 
maximum of 1 dB variations at 2 GHz and at 4 GHz.  The 
second test was done for a desired gain of 11 dB at 7 GHz 
center frequency, with maximum 0.5 dB variations at 6 
GHz and at 8 GHz.   The third test was done for a desired 
gain of 10 dB at 11 GHz center frequency, with 
maximum 1 dB variations at 10 GHz and at 12 GHz.  The 
fourth test was done for a desired gain of 9.5 dB at 15 
GHz with maximum 1dB variations at 14 and 16 GHz.  
Sample program result, obtained at 11 GHz, which shows 
particles reaching to an optimum solution (i.e. progress) 
per iteration is shown in Figure 3.   
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Figure 3: Solutions reaching to Correct Answer with number of 

iterations 
 

Convergence to a result was considered if the center 
frequency gain was within 0.02 dB deviation from the 
desired gain as well as all the other criteria (like input and 
output stability and deviation of gain at other two 
frequencies being within 1 dB) as outlined were met.  
Similar graphs can be obtained for each of the selected 
center frequencies.  There is a consistency in number of 
particles reaching to a solution in certain amount of 
iterations. Graph shows that usually the first convergence 
to a solution occurs after about  40-50 iterations, about 
half of the particles reach to correct solutions in 200 
iterations, and after about 1000 iterations majority of the 
particles reach to a convergence point, i.e. an optimum 
result, and the lengths which satisfy all the criteria is 
found.  The dimensions that were obtained by the 
program are given in Table I. 

Although these dimensions are given as examples, in 
most of the runs the following values are obtained.  If we 
compare these values with different runs we had, we see 
that those answers also satisfy all the predetermined 
criteria.  

 
Table 1. Design values for lengths obtained by PSO program 

 
 
Center 
Frequency  

Input  
Matching Network 

Output Matching 
Network 

Length 
(l1) 

Distance 
(d1) 

Length 
(l2) 

Distance 
(d2) 

3 GHz 68.47º 11.17º 91.60º 90.57º 
7 GHz 104.18º 80.60º 78.28º 12.69º 

11 GHz 21.58º 6.28º 86.30º 11.10º 
15 GHz 19.65º 2.91º 39.47º 8.31º 

  
 

These values were used in circuit simulators AWR 
Design Environment 2006, Microwave Office [16] and in 
PUFF [17].  The simulated response for first circuit is 
shown in Figure 4.  At 3 GHz, the gain was 12.997 dB 
and the predicted system reflection values were –0.63128 
dB for |S11| and –5.84996 dB for |S22|.  It was also 
observed that at 2 GHz the gain is within the 
predetermined limit, 12.37669 dB with both reflections 
being below 0 dB and also at 4 GHz the gain was 
12.23022 dB with the reflections being below 0 dB again.  
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Figure 4: Frequency Response of Amplifier 1, Reflection and 

Transmission are indicated 
 

For the second circuit, the design center frequency 
was 7 GHz with a predetermined gain of 11dB.  The 
simulated response is shown in Figure 5.  At the center 
design frequency the gain was 11.00129 dB with the 
predicted system reflection values both being well below 
0 dB: |S11| being –2.18934 and |S22| being –8.93715. 
When the values at the edges are observed the gain was 
10.78084 dB at 6 GHz and 10.8755 dB at 8 GHz with the 
reflections again being well below 0 dB in either side of 
the reflections.   
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Figure 5: Frequency Response of Amplifier 2, Reflection and 

Transmission are indicated 
 

For the third circuit, the simulated response is shown 
in Figure 6.  The predetermined gain 10 dB was achieved 
at the center frequency of 11 GHz as 9.984969 dB, and 
the system reflection values at this frequency were |S11|= 
-7.83954 dB and |S22|=-2.73259 dB.  At 10 GHz the gain 
dropped to 9.505606 dB with the reflections being below 
0 dB as wanted.  At 12 GHz the gain was 9,539558 with 
the reflections being well below 0 dB.   At this frequency 
when we compare our result with the previous amplifier 
design responses we can see that the drop in gain from 
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either of the sides of the peak are more noticeable.  This 
is partially because in this design the value that was 
chosen as a target gain was closest to the maximum 
possible gain of this amplifier at the center design 
frequency.  
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Figure 6: Frequency Response of Amplifier 3, Reflection and 

Transmission are indicated 
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Figure 7: Frequency Response of Amplifier 4, Reflection and 

Transmission are indicated 
 

For the fourth circuit, the simulated response is shown 
in Figure 7.   The predetermined gain 9.5 dB was 
achieved at the center frequency of 15 GHz as 9.545349 
dB, and the system reflection coefficient values at the 
design frequency were obtained as |S11|= -17.6546 dB and 
|S22|=-7.98403 dB.  At 14 GHz a  gain of  9.307687 dB 
was obtained whereas at 16 GHz the gain of 8.896972 dB 
was observed.  It is also noticable that the system 
reflection values are well below 0 dB.  Similar to the 
third design, when we compare this result with the first 
two designs, the drop in gain on either of the sides of the 
peak is more noticable.   

 

III.  CONCLUSIONS 
 

In this work, particle swarm optimization, which was 
originally proposed by Kennedy and Eberhart [1], is 
applied for the design of broadband microwave transistor 
amplifier circuits, for the first time.  Specifically the 
design is based on proper design of matching networks 
with no additional circuitry on a single stage microwave 
transistor amplifier.  The idea is to find the transmission 
line lengths using particle swarm optimization technique 
to meet the desired gain at multiple frequencies at the 
same time.  The values obtained by the method were used 
in two different simulators to verify their correctness.   In 
all of the four test cases, the optimized values were 
obtained very fast, within few seconds (tested on AMD 
Turion 64-bit processor with 2.0 GHz processor speed 
and 1.00 Gbyte of RAM), and these values gave an 
excellent response with all the predetermined criteria 
being met.  The results indicated that the PSO algorithm 
works very well and can be used as a design tool in the 
design of broadband microwave amplifier circuits 
efficiently.    
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