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Anahtar Kelimeler Oz
Diistik Giirtiltiilii Yiikselteg, ~ Bu ¢alismada GSM uygulamalarina yonelik, yiiksek performansh bir diistik giirtltiili
GSM, kuvvetlendirici (DGK) tasarimi ele alinmistir. Toplam sistemin giiriiltiisiine olan
Kablosuz Haberlesme, baskin etkisinden dolay;, DGK kablosuz haberlesme sistemlerinin anahtar
Gri Kurt, elemanlarindan biridir. Her ne kadar da birden cok transistor elemani ve kat yapisi
Optimizasyon. kullanilarak ¢ok ytiksek kazang ve diisiik giiriiltii karakteristigi elde edile biliniyor

ise de, bu yontem toplam tasarim karmasikligini ve iiretim maliyetini ciddi bir
sekilde etkilemektedir. Bu c¢alisma kapsaminda, tek bir transistor elemani
kullanilarak 14.3 dB kazang, 15 dB den diisiik geri donus kaybi ve 1.8 dB seviyesinde
giriltic karakteristigi gosteren GSM 820-980 MHz uygulamalarina uygun bir
tasarim énermektir.

DESIGN OPTIMIZATION OF LOW NOISE AMPLIFIER FOR 900MHZ GSM BAND
APPLICATIONS USING GREY WOLF ALGORITHM

Keywords Abstract

Low Noise Amplifier, In this work, the design of a high-performance single-stage Low Noise Amplifier
GSM, (LNA) for GSM applications is taken into consideration. LNA design is one of the key
Wireless Communications, stages of a wireless communication system due to its dominance over the whole
Grey Wolf, system's noise figure performance. Although it is possible to achieve a very high gain
Optimization. and low noise figure with the usage of multi-stage transistors, such designs would

also have a high complexity and manufacturing cost. The main aim of this work is to
propose a single transistor LNA design for GSM application with a gain level of 14.3
dB, return loss level of less than 15 dB, and noise figure of 1.8 dB over the operation
band of 820-980 MHz. the optimal design variables of the model is obtained via Grey
Wolf optimization procedure.
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Highlights

e Design Optimization
e High Performance LNA
e Grey Wolf Optimization

Purpose and Scope
Design optimization of high performance LNA

Design/methodology/approach

In this work, the design of a high-performance LNA stage for GSM applications had been achieved using Grey
Wolf optimization technique. The main goal of the design is to achieve the requested performance with a
single-stage LNA design with the lowest possible noise figure, power consumption, and design size.
Findings

Application of GWO on single stage LNA design

Research limitations/implications
The availability transistors to be used for modelling of LNA.

Practical implications

LNA design is one of the key stages of a wireless communication system due to its dominance over the whole
system's noise figure performance. In any wireless communication where a lossless data communication is
required LNA is a crucial element.

Originality
An efficient approach for design and optimization of LNA without need of expert knowledge using Artificial
Intelligence algorithm (GWO).

1. Introduction

With respect to the ever-increasing demand for high-speed large data communications for wireless systems, the
need for high performance designs has also increased. The challenges of such designs are not only limited to their
performance measures but also other parameters such as cost, overall size, and material limitations with respect
to applications are also other concerns that challenges the designer. One of the most commonly used applications
of wireless communications is GSM, which has many uses for both civilian and military applications and is an
important study field (Ulrich, 2000; Kluge, 2003; Akyildiz, 2002; Alaybeyoglu, 2009.

{[ Design of experiments ]} [ Optimal LNA Design }
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Figure 1. (a) Schematic Of RF Front-End Receiver, (b) Flow Chart Of Proposed Work.
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In Figure 1, a general schematic for a wireless front-end communication system is presented. The RF signal is taken
via an antenna stage from the space, and then after the received signals are process to be converted from analogue
to digital signals for communication. As it can be seen from the figure, the first stage and key element in wireless
communication is antenna element, where its performance is essential and the methodologies to improve this
performance are being studied by many researchers (Esame, 2006; Caliskan, 2019; Kocer, 2020; Pozar, 1998),
(Demirel, 2017; Mahouti, 2012; Belen, 2021; Kumar, 2019; Roobert, 2020; Khosravi, 2019; Chamg, 2019; Ke, 2018;
Belostatski, 2022). However, even with a perfectly designed antenna stage, this is not sufficient to have a high
performance communication system. Another key element in this system is the Low Noise Amplifier (LNA) stage,
which mainly effects the sensitivity of the system to noise and unwanted signals from other sources. In this work,
the design of a high performance LNA for GSM applications is taken into consideration.

2. RF Amplifier Design

As mentioned before, high-performance designs are of crucial importance to satisfy the high demands of the
communication industry. LNA is one of the main elements in which the received signals are amplified with the
lowest possible noise effects to increase the overall performance of the communication system. The main challenge
is that the LNA must amplify the signal with the lowest possible noise figure due to the main effect of this stage's
noise level on the overall noise figure of the whole system. Although it is possible to have such designs with multi-
stage LNA designs, this method would also increase the complexity, overall cost, and total power consumption
level of the whole design. Thus, the design of a high-performance, low power consumption LNA with a single-stage
is a challenging problem where not only the mentioned challenges must be satisfied but also the design must have
good impedance matching performance (Danaci, 2020; Hashemi, 2002). In this work, the scattering parameters,
which are an essential material for high-performance LNA designs (Esame, 2006; Hove, 2004; Doddamani, 2007;
Stece, 1999), had been used for the calculation of critical performance measures of LNA such as Noise Figure,
overall gain, and bandwidth.

However, achieving these conflicting design measures is a challenging procedure that either requires a highly
accurate and complex calculation and expert knowledge or via an optimization process guided by artificial
intelligence algorithms (Mahouti, 2012). The performance of LNAs is heavily influenced by the design of their
passive components, such as inductors and capacitors, and optimizing these components is crucial for achieving
high gain, low noise, and broadband performance. Traditionally, optimization of LNAs has been performed using
conventional optimization algorithms such as honey bee mating (Mahouti, 2012), genetic algorithms (Chen, 2013)
and particle swarm optimization (Ulker, 2012). However, these algorithms have several limitations, including poor
convergence and sensitivity to the initial solution.

Recently, a new optimization algorithm, the Grey Wolf Optimizer (GWO), has emerged as a promising alternative
to conventional optimization algorithms. The Grey Wolf Optimizer (GWO) is a population-based optimization
algorithm that is inspired by the hunting and preying behaviour of grey wolves and is based on a multi-objective
optimization framework. The GWO algorithm is known for its ability to efficiently search the solution space, avoid
local optima, and converge to the global optimal solution (Seyyedabbasi, 2023). The basic principle of the GWO
algorithm is to mimic the behaviour of a pack of grey wolves hunting for their prey. The pack of wolves consists of
three types of individuals: the alpha wolf, the beta wolf, and the delta wolf. The alpha wolf is the strongest and
most experienced wolf; the beta wolfis the second strongest, and the delta wolf is the weakest. The GWO algorithm
starts with arandomly generated initial population of candidate solutions. In each iteration, the algorithm updates
the position of the wolves in the solution space based on their hunting behaviour. The alpha wolf is updated based
on the best solution in the current population, the beta wolf is updated based on the second best solution, and the
delta wolfis updated based on the worst solution. The updated positions of the wolves are then used to update the
positions of the other individuals in the population. The GWO algorithm continues until a stopping criterion is met,
such as a maximum number of iterations or a desired accuracy level (Singh, 2022). The final population of
candidate solutions provides a set of potential solutions for the optimization problem, and the best solution among
them represents the global optimal solution (Ahmed, 2022).
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Figure 2. The Diagram Of GWO (Greywolf Optimization) Algorithm [Dai, 2018].

In this research paper, we explore the use of the GWO algorithm (Seyyedabbasi, 2023; Kiani, 2021) for optimizing
the passive components of a microwave LNA. We evaluate the performance of the optimized LNA using simulation
results, and compare it to LNAs optimized using other optimization algorithms. Our results show that the GWO
algorithm is an effective tool for optimizing the performance of microwave LNAs and provides significant
improvements in terms of gain, noise figure, and return loss using the following equations as the cost function. The
obtained optimal termination value for targeted LNA design is presented in Table 1.

2
Rn|ZS_Zopt|

Fug =R (1)
2
GrZs,21) = |(Z11+ZS£;}:;:;L+|ZZ:)|—Z1ZZZ1|2 (2)
Gav(Zs) = |z1|ilzlzs|2 o (3)
Vin (25, 2,) = 2280, 2 = [0t @)
Voue 2 2,) = 2200wt 2 = [fouecti (5)
The physical realizability conditions can be given as:
RelZin} = Rin = Re {71 - 2221} > 0 (6)
Re{Zout} = Rour = Re {Zzz - %} >0 (7)
Costy = f(Re,Xe, R, X, ) = AIF| + ¢ 5+ C Vousope| + D [Vinope | (8)

Table 1. Computed Results Of GWO For BFP193W At Vps =10V, Ips =30ma For (Freq=Fmin, Vinopt, Voutopt, Gemax) Quadruplets.

M‘I(IZ RL XL RS XS Vin Vout F Gt [dB]
900 15.5 -1.6 35.9 10.7 1.7 1.7 1.6 17.5
Cost, = f(Cy, ., Cs, Ry, o, R, Ly, Ly, f) = |ZLTarget - ZLL'| + |ZSTarget - Zst| 9)

Here, Zs and Z1. are the source and load terminations of the matching circuit which their values will be determined
based on the values of design variables given in Fig. 2. All the simulations are done in advancing the Wireless
Revolution Microwave Office (AWR Office) environment for the design of 900MHz for GSM applications. BFP193W
(Infineon, 2023) from Infineon is taken as a high-performance transistor suitable for the selected application. The
design will be placed on FR4 material with a substrate height of 1.58 mm and a die-electric constant of 4.6. In figure
2 the schematic of the aimed LNA design is presented alongside the value of RLC elements in Table 2.
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Figure 2. Schematic Views Of The LNA Designed For GSM Band Applications.

Table 2. Optimally Determined Design Variables Value Using Eq. 9

C1 100pF R1 4.7Kohm
Cc2 100pF R2 470hm
C3 3300nF R3 3.9Kohm
C4 330nF C5 330nF
L1 15 nH L2 10nH

In figure 3 and table 2, the simulated performance measures of the proposed LNA design is presented. As it can be
seen both S11 and S22 characterises of the design is less than -15 dB while the Sz1is around 14.3 dB, and the noise
figures of the design is simulated as 1.8 dB for the aimed operation frequency. In Figs. 3(c) and (d) the simulated
performance result of gain and 1 dB compression point of design are presented. As it can be seen form the
presented results in Table 2, the proposed design achieves sufficiently good performance characteristics for GSM
band applications with a low power consumption level of 300 mW and a low design area of 45x25mm2.
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Figure 3. Simulated Performance Of Design LNA (a) Scattering Parameters, (b) Noise Figure, (c) Gain.
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Table 3. Simulated Performance of the Proposed LNA Design

Parameter Simulated
Vce 10V
Operation Frequency [MHz] 900
Noise Figure (dB) 1.8
Gain (dB) >14
Return Loss (dB) >25
Output return Loss (dB) >10
Resonance Frequency [MHz] 900
Power consumption 300mW
Current consumption 60mA
Stability (K) >1
Size (mm) 42x25

3. Result and Discussion

In this work, the design of a high-performance LNA stage for GSM applications had been achieved using Grey Wolf
optimization technique. The main goal of the design is to achieve the requested performance with a single-stage
LNA design with the lowest possible noise figure, power consumption, and design size. BFP193W had been used
as a high-performance transistor element for the proposed design of LNA. The simulated performance of the LNA
is obtained as, a gain level of 14.3 dB, a noise figure of 1.8 dB, and a return loss of less than 15 dB with 33.6 mW
power consumption on FR4 material substrate with overall design area of 33x22 mm. The designed LNA achieves
a good performance measure at the aimed operation frequency of 900 GHz and preserves its performance over
the operation band of 820-980 MHz. thus based on the obtained results the prosed design is a good candidate for
GSM band applications.

In this work, design optimization procedure for LNA design using GWO is studied. The used algorithm GWO is
surely an efficient method for solution of engineering optimization problems with respect to its back ground on
different type of problems. However it is worth mentioning that there might be other algorithms that can present
better solutions compared to GWO. In future works, it is aimed to present a detailed analyses of Meta-heuristic
optimization algorithm on this study problem and classify their performance based on convergence speed,
trapping in local minimal and computationally efficiency rate of algorithms.
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