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Optimization of 5.5 GHz inductive source degeneration LNA using multi objective PSORam Kumar *, Ch Anandini, F. A Talukdar
Department of Electronics and communication, National Institute of Technology, Silchar, India

Abstract: Particle swarm optimization is the most flexible, efficient and simple optimization technique. In this paperpresents a optimization of tradeoff between linearity and noise Figure of low noise amplifier of cascode inductivesource degeneration amplifier using multi objective particle swarm optimization, and this has validate using UMC.18um CMOS Technology in cadence spectre tool. We got gain 14.1dB, S11 -23.65 dB, S22 -15.2dB noise Figure 1.24dB, IIP3 2.48 dBm with power supply of 1.8v, and power consumption is 10.8mw.
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1. Introduction

*Low noise amplifiers (LNAs) are highly used inwireless communications. They can be found inalmost all RF receivers in commercial applications.Linearity, power, noise, and gain are importantdesign issues in the LNA design for modern wirelessreceivers. Since the LNA is the first block in thereceiver chain, it must be sufficiently linear tosuppress interference and maintain high sensitivity.Optimal sizing of LNA circuits is a very complex andtime consuming work. Indeed, circuits must be sizedto follow with required performance specifications.Several techniques and algorithms are reported inthe literature, such as local search (Aarts, 2003),simulated annealing (Kirkpatrick 1983), geneticalgorithms (Dréo, 2006), etc. for optimization.However these techniques do not offer generalsolution strategies that can be applied to problemformulations where divergent types of variables,objectives and constraint functions are used. Theincreasing complexity of circuit design (differenttypes of objectives and constraint functions, largenumber of parameters etc.) has demanded theauthors to look after novel techniques that overcomedrawbacks of the above mentioned techniques.Recently, a new class of algorithms was proposed tosolve continuous optimization problems; it isinspired from the collective behavior of fragmented,self-organized systems. These algorithms are part ofSwarm Intelligence (Bonabeau, 1999). They focus onthe social behavior of insect conduct living in aswarm. The “particles” of the swarm use a direct wayof communication in order to build a solution to theconsidered problem, based on their collectiveexperience. Most famous such SI techniques are AntColony Optimization (Dorigo, 1999) and ParticleSwarm Optimization (PSO) (Kennedy 1995). Amongthese two techniques, PSO is the most flexible and
* Corresponding Author.

easy. Thus, in this work we deal with the use of thePSO technique to optimize performances of LNAs.Knowing that performances of RF circuits havecontradictory and non-commensurable behaviors,the multi objective PSO technique is used for thepurpose of optimizing LNAs’ performances: NF andIIP3.The rest of the paper is organized as follows.Section 2describe the design of inductive sourcedegeneration LNA. In Section 3 we describe the multiobjective optimization using PSO. In section 4, wediscuss the LNA simulation Results of 5.5 GHz LNAusing the proposed optimization methods. Andfinally, conclusions are given in section 5
2. Design of CMOS LNAThe complete schematic of the 5.5 GHz LNA isshown in Fig 1, where Lg, Ls, and Ld are allimplemented with on-chip spiral inductors. Lg isgate inductor and it is used for tuned out the effect ofinput capacitance and Ls is source degenerationinductor is used for input match and Ld is draininductor provide output resonance with outputcapacitance and also play an important role toachieving high gain. The method employed here isinductive source degeneration. Cascoding transistorM2 issued to reduce the interaction of the tunedoutput with the tuned input, and to reduce the effectof the gate-drain capacitance Cgd of M1. At first, thesizes of the main CS FET and cg are selectedconsidering the noise and bias current Lee, (2002).The inductors Lg and Ls are chosen to provide thedesired input resistance. M3, and R1 form a biascircuit. MOSFET M3 essentially forms a currentmirror with M1, here its width is one tenth of thewidth of M1 in order to minimize the poweroverhead of the bias circuit Razavi, (1997). Cin andCout are DC blocking capacitors.
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In this paper, we optimize LNA’s structuresregarding the noise Figure and the linearity.

Fig. 1: Inductively Source Degenerated LNA
3. Multi-objective optimizationThis section mainly presents basics on multi-objective optimization and Multi-Objective ParticleSwarm Optimization.Let’s consider a Multi-Objective Optimizationproblem of the form:Minimize (f1(x), f2(x), f3(x)……. fi(x))Subject to      0 ,   1  kh x k m    (1)Where 1 , 2 , 3( )nx x x x x x Where nx   is the decision space for thevariables, fn(xi): n   n=1 P(P≥2) are objectivefunctions and      0 ,   1  kh x k m    areperformance constraints. Frequently, the objectivesin (1) contradict each other, so, no point in xminimizes all the objectives at the same time. Onehas to balance them. The best tradeoffs among theobjectives can be defined in terms of Pareto front[15]. A Pareto front is a set of solutions that are nodominated with respect to each other.
3.1. MOPSO AlgorithmSeveral MOO algorithms are based on PSO, whichwas designed for solving single objectiveoptimization problems. In order to design a highperformances circuits the main target is to optimizethe size of the analog components (Fakhfakh, 2010)and this optimization method involve solving ofvarious variables, objectives and constraintsfunction simultaneously. Due to this complexity theClassical Optimization technique is not a goodoption. One optimization technique that is wellsuited for such type of approach is nature inspiredheuristic optimization algorithm called ParticleSwarm Optimization which centered on theintelligence of swarm. A comparison of Classical andHeuristic optimization technique is shown in Fig (2).

PSO is a heuristic search technique inspired by thesocial behavior of birds flocking. Among thosealgorithms that extend PSO to solve MOO problemsis Multi-objective Particle Swarm Optimization(Fakhfakh, 2010). In this work, we use the Multi-objective Particle Swarm Optimization techniqueproposed in (Raquel 2005). The idea is illustrated bythe flowchart (Fakhfakh, 2010) shown in Figure 3.The algorithm was programmed using MATLABsoftware.

Fig. 2: Comparison of classical and modern heuristicoptimization techniques

Fig. 3: Flowchart of a MOPSO
4. LNA optimization and simulationA tradeoff between the noise Figure (NF) and IIP3and while insuring both input and output matching(via the scattering parameters: S11, S22).  High IP3requires higher current draw, while lowest possiblenoise Figure is usually achieved at lower currentlevels.Expression of Noise Figure is taken from Lin,(1999):
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 (3)Where Rs is the input resistance, VOD is theoverdrive voltage, θ is normal field mobilitydegeneration factor and Q is quality factor of inputmatching circuit. Here IIP3 of the LNA circuitincreases with the overdrive voltage and reductionof Q.

Table 1: SpecificationIIP3 To maximizeNF To minimizeIs11I and  Is22I <-15 dB
Table 2: Parameters of MOPSO algorithmSize of swarm No of iteration C1 C2 w50 10,000 1 1 .4

Table 3: Parameter value of optimal solutionComponent MO PSO Optimized valueW1 250umW2 170umW3 25umLg 3.39nHLs 200pHLd 2.8nHCin 2pfCout 130fFR1 2.4KIn this section, the simulation results of a 5.5 GHzLNA with the cascode architecture are presented. Itis conducted by the Cadence spectre with the CMOS180 nm UMC technology. In the schematic design thecalculated width (W) of M1 is 250um, and M2 is 180um. In Figure 4 we present Pareto fronts obtainedusing MOPSO algorithms.

Fig. 4: Paterofront of Low Noise Amplifier

Fig. 5: S11

Fig. 5: Noise figure

Fig. 6: S21
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Fig. 7: S22

Fig. 8: IIP3S11also known as input refection coefficientdefined how much incident power is reflected backto the source from the amplifier. As shown in the Fig4 the value of S11 is -23.65dB for 5.5 GHz. Thesimulated values of noise Figure is 1.24 dB and S21(power gain) is 14.1dB which is shown in Fig 5 andFig 6 respectively.
Table 4: Simulated resultParameter Simulated resultFrequency 5.5 GHzTechnology .18 umVdd 1.8 VS11 -23.65dBS22 -15.2dBS21 14.1dBNF 1.24dBIIP3 2.48 dBmPower consumption 10.8mw

5. ConclusionsThis Paper is mainly employed to optimize thelinearity and noise Figure of cascode inductivesource degeneration CMOS LNA at 5.5 GHz. As aresult the Designed LNA could be potentially used inhigh-frequency and high-linearity applications. Aftersimulation we got gain 14.1 dB, S11 -23.65 dB, S22 -15.2 dB NF 1.24 dB, IIP3 2.48 dBm and powerconsumption is 10.8mw.
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