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Abstract : Manual design of integrated circuits has lately become obsolete, given the fact that time constraints 

are more and more present. Hence, designers have shifted towards automatic approaches, using various 

software tools, which not only ensure a speedy result, but also provide a fertile environment for further designs. 

Many automated design processes that address integrated circuits include one or more computational 

intelligence techniques, such as genetic algorithms, multi-objective optimization, neural networks or fuzzy logic. 

The paper presents a survey on how these techniques are used in low noise amplifiers (LNA) design. The LNA is 

a crucial block in the structure of a communications receiver and must meet some strict specifications. A 

literature review of the up-to-date papers available on the subject classifies them, based on the design technique 

used, and comments the main categories. The paper also identifies some issues that have not been approached 

so far and indicates possible future directions.  
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I. INTRODUCTION 
Technological advances of the past decade have shown that traditional (manual) circuit design has 

become obsolete. These days, automated processes are more and more used in the design loop, making the 

entire process fast and less faulty. However, in many cases, the intervention of a human expert is still needed, 

for example when the design process comes up with more than one possible solution. The final choice remains a 

question of human intervention. Current trends in circuit design converge towards automating the design process 

and obtaining a final version of the circuit, by evolving a previous one.  

This paper addresses the modern methods used to design a well-known circuit, present in all 

communications receivers, namely theLNA (low noise amplifier). Design of an LNA using traditional 

techniques implies a series of calculations, in order to correctly size the components of the circuit ([1], [2]). 

Computational intelligence is an umbrella concept that includes practical adaptation and self-

organization concepts, and also algorithms and implementations that facilitate an intelligent behavior, in a 

complex and variable environment [3]. Computational intelligence is successfully applied in solving 

incompletely described problems or problems that are described using formal models, implying highly 

consuming algorithms. In comparison with artificial intelligence and hard computing, computational intelligence 

is able to generalize and work with imprecise data, exhibits fault and noise tolerance, and can also work in 

complex and variable environments ([4], [5]). Computational intelligence techniques include evolutionary 

computation, fuzzy logic, neural networks, self-organizing maps, etc. 
Circuit synthesis using computational intelligence techniques is achieved using two approaches [6]: 

- Optimization of the formal representation of the circuit’s function and circuit design based on it. 

Generally, a genetic algorithm is used for optimization. 

- Evolvable hardware (EHVW) approach – starts with randomly generated and connected circuit 

elements and evolves towards fulfilling the given specifications. Less common topologies can be 

obtained, given that the traditional design process is abandoned.  
The paper is structured as follows: Section II presents fundamental LNA knowledge, including means 

of performance evaluation; Section III briefly describes the most common computational intelligence technique 

used in LNA design, namely multi-objective optimization; Section IV analyzes and compares present LNA 

designs using computational intelligence techniques; finally, Section V draws some conclusions and points out 

future development directions.  
 

II. LNAFUNDAMENTALS 
An LNA amplifies the signal applied at its input, and should add as little noise as possible. In a 

radiofrequency receiver front-end, the LNA follows the RF filter, thus needing impedance matching. A common 

value for the input impedance of the LNA is 50Ω([1], [2]). The output signal of the LNA is then passed through 

a mixer or another filter, based on the architecture. Regardless of the positioning of the LNA in the receiver 

chain, input and output matching networks are present, as suggested in Fig. 1. The core of an LNA is a 
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radiofrequency transistor, usually MOS. Its size varies with technology and influences the overall parameters of 

the amplifier. Additional structures can be present, for DC biasing networks, frequency compensation or 

increased gain [1][2]. 

 
 

 

 

 

 

 

 

 

Figure 1. Schematic model of an LNA 

 

LNA topologies can be divided into two main categories: common gate LNA, suitable for wideband 

applications, and inductively degenerated common source (IDCS) LNA, fitted for narrow band LNAs.  

Performance evaluation of an LNA is usually achieved by means of a set of parameters, such as: gain, 

noise figure, nonlinearity parameters, stability, and various figures of merit.   

There are six types of gain for an LNA, but only three of them are commonly used, namely: the 

transducer power gain, the operating power gain and the available power gain. There is no need for simulation 

to compute these gains, assuming one knows the values of the S-parameters.  

The transducer power gain of an LNA is defined as: 

GT = |S21|
2
                                                                        (1) 

The operating power gain of an LNA is: 

  GP = |S21|
2
/(1-|S11|

2
)                                                           (2) 

The available power gain is computed as: 

   GA = |S21|
2
/(1-|S22|

2
) (3) 

The noise figure (NF)depends on the center frequency (f0) of the designed LNA and some technology 

parameters. The computed NF can differ from the one obtained via simulation. 

The second and third order intercept points (IIP2, IIP3) are located at the crossing between the 

fundamental component and the second or third order intermodulation product. The 1-dB compression point 

(P1dB) is the point where the real output power growth curve is 1 dB under the ideal one (saturation region). 

Together with P1dB, IIP2 and IIP3 represent the circuit’s nonlinearity parameters ([2]). 

The stability factor K (also known as Rollett stability factor) is computed as ([1], [2]): 

    𝐾 =
1− 𝑆11  2− 𝑆22  2+ ∆ 2

2 𝑆21∗𝑆12  
                                                                    (4) 

 

    ∆ = 𝑆11 ∗ 𝑆22 − 𝑆12 ∗ 𝑆21  
 

For K > 1 and Δ< 1, the circuit is unconditionally stable.  

Different figures of merit (FOMs) can be defined, as linear combinations of the previously mentioned 

parameters (see (5) as an example). These FOMs come in handy when comparing different types of designs. 

[7]shows how FOMs can be extracted from an LNA design, using a modified GA technique.  

 

𝐹𝑂𝑀 =  
𝐺 𝑎𝑏𝑠  ∗𝐼𝐼𝑃3[𝑚𝑊 ]

𝑃𝑠𝑢𝑝𝑝𝑙𝑦 [𝑚𝑊 ]
∗

1

 𝑁𝐹−1  𝑎𝑏𝑠  
∗ 𝑓[𝐺𝐻𝑍]                                           (5) 

 

III. MULTI-OBJECTIVE OPTIMIZATION  
Using GAs in the design process of a circuit defines two main directions: single and multi-objective 

optimization. While single objective optimization does not allow multiple competing objectives to be accounted 

for explicitly, multi-objective optimization allows different objectives to be treated separately and 

simultaneously during the optimization process [8]. A circuit simulator is usually introduced in the 

optimization loop, the most common being HSPICE, ADS or Cadence. 

Genetic Algorithms (GAs) are a particular class of Evolutionary Algorithms, that use biology inspired 

techniques such as selection, mutation, crossover and inheritance. A general multi-objective optimization 

problem (MOP) can be written as follows ([9]): 

Find a vector x that optimizes 

𝑓 𝑥 = (𝑓1  𝑥 , 𝑓2  𝑥 , … , 𝑓𝑁 𝑥 )T                                                                       (6) 
Subject to: 

 

RF transistor 
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Output matching 

network 

Frequency compensation 

Gain increase DC biasing 
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𝑔𝑗  𝑥 < 0, 𝑗 = 1, …𝑀; 𝑥 = 0, 𝑘 = 1, …𝐾;𝑎 𝑙 ≤ 𝑥(𝑙) ≤ 𝑏 𝑙 , 1 ≤ 𝑙 ≤ 𝑛 

 Each of the N objective functions 𝑓1  𝑥 , 𝑓2  𝑥 , … , 𝑓𝑁 𝑥 represents an objective that needs to be 

maximized or minimized throughout the optimization process. The terms 𝑔𝑗  𝑥 and  𝑥 are called inequality 

and equality constraint functions, where M and K are the number of inequality and equality constraints. Besides, 

each x(l) represents a gene (a variable) whose boundaries are defined by a(l) and b(l).Because f(x) is a vector, if 

any of its components are competing, there is no unique solution to this problem. Instead, the concept of 

noninferiority (also called Pareto optimality) must be used to characterize the objectives [9].A Pareto optimal 

solution (nondominated by any other solution), may be mapped to different objective vectors, allowing for 

different trade-offs between objectives [9]. 

 

IV. LNA DESIGN USING COMPUTATIONAL INTELLIGENCE TECHNIQUES 
Multi-objective optimization using GA is now a commonly met technique in modern LNA design ([10] 

- [13]). Table 1 shows a chronological, comparative survey of the computational intelligence techniques 

involved, and also some specific values for the designed circuit.  

 

Table 1. Types of computational intelligence techniques used in LNA design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An elitist nondominated sorting genetic algorithm (ENSGA) is used in [14] to fully design an5.2 GHz 

direct-conversion receiver front-end, which includes a common-gate differential LNA, I/Q down-

conversionmixers, and a quadrature voltage-controlled oscillator, in 250-nm SiGeBiCMOStechnology.ENSGA 

is similar to other evolutionary techniques, in the sense that it uses multiple points in the solution space. The 

fundamental difference is that the solutions are distributed along the Pareto front, by means of the 

nondomination sorting mechanism with elitism. Unlike classical GA, the number of solutions is proportional to 

the number of objectives. The flowchart of the optimization is presented in Fig. 2. PVT analysis is used post-

optimization.  

NSGA-II is also used in [15], [16] to optimize the values of an LNA’s components. Simulations were 

carried out via HSPICE RF. Two figures of merit evaluate the performance of the current design (7),(8): 

𝐹𝑂𝑀1 =  
𝐺 𝑑𝐵 

𝑁𝐹[𝑑𝐵 ]
                                                                     (7) 

𝐹𝑂𝑀2 =  
𝑓 𝐺𝐻𝑧 ∗𝐺[𝑎𝑏𝑠 ]

𝑁𝐹 𝑎𝑏𝑠  ∗𝑉𝑠𝑢 𝑝𝑝𝑙𝑦 [𝑉]
(8) 

 

The algorithm reaches conversion after 600 generations, with a population of 100 individuals.  

[21] uses an expert system to guide the optimization of RF circuits topologies. The knowledge base of 

the expert system consists of “If-Then”rules. A genetic algorithm using a custom cost function makes sure that a 

rescaling between 0 and 1 is performed, where more important factors have higher values. The LNA designed 

with this approach is noise figure optimized: the expert system picks the first available schematic, sees if it meet 

all the constraints, and if it does not, it will decide to sacrifice the NF in order to obtain a higher IIP3, for 

instance.  

[19] proposes a GA based method for the design of the input and output matching networks 

(IMN/OMN) of an LNA. The chromosome consists of values for the components of IMN and OMN and a code 

for the topology. The fitness function is described as a weighted sum of the performance regarding the input and 

output match, and, respectively, of the gain and noise figure.  

A multiobjective optimization method with adaptive normalized cost functions is applied in [18] to the 

design of an LNA. The optimization process is divided into two steps: objective function normalization and 

dynamic weights adjustment in the composite cost function. The nonlinear, parameterized normalization leads to 

better results than linear normalization methods.  

No. Ref. Type Observations 

1 [10] - [13] GA - 

2 [14] NSGA ENSGA 

3 [15], [16] NSGA NSGA-II 

4 [17] NSGA-II, MOO Optimal bias conditions 

5 [18] MOO Adaptive normalized cost function 

6 [19] GA IMN/OMNdesign 

7 [20] IGA Layered encoding structure 

8 [21] GA + expert system  

9 [22] GA + fuzzy logic  

10 [23], [24] GA + morphological Pattern and morphological tree 

11 [25] GA + SA  

12 [26], [27] GA + geometry Geometry of the circuits’ elements  

13 [28] Honey-bee matching algorithm FDTS 
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Interactive evolutionary computation is an evolutionary algorithm that includes subjective human 

evaluation. An IGA (interactive GA) is applied in [20] to optimize the design variables for a monolithic 

microwave integrated circuit LNA. A layered encoding structure (Fig. 3)is used as means of solution 

representation. In this case, layers represent different resolutions of the design variables, in order to narrow 

down the search space. Layers communicate between them, thus both the local and global optima are constantly 

updated.  

 

 
 

Figure 2.ENSGA flowchart [14] 

 

Figure 3. The layered encoding structure [20] 

 

A combined method, using fuzzy logic as a human evaluator, and a GA, is presented in [22] (Fig. 

4).Fuzzy decisions integrated in the GA optimization scheme increase the possible solutions base, by attempting 

to meet criteria for adequacy, rather than to find an optimal solution.  

A GA combined with a morphological approach is described in [23] and [24]. The LNA structure is 

represented in the form of pattern and morphological tree. The method does not require a highly-skilled designer 

and it results in many possible variants of the circuit, from which the user can select. 

Simulated annealing is combined with GA in [25] to optimize the electrical specifications of an 

IDCSLNA.  
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The circuit elements’ geometry is also part of the optimization process in [26], [27] and suggests an 

increase in speed, when compared to optimizing the components’ values.  

Optimal bias conditions for each stage of an LNA can also be obtained using GA techniques, namely 

binary GA and NSGA-II, as shown in [17]. 

The feasible design target space (FDTS) for a wideband front-end amplifier is successfully determined 

in [28], using a meta-heuristic optimization method, namely the honey bees mating algorithm.  

 

V. CONCLUSIONS  
Manual design of integrated circuits has lately become obsolete, given the fact that time constraints are 

more and more present. Hence, designers have shifted towards automatic approaches, using various software 

tools, which not only ensure a speedy result, but also provide a fertile environment for further designs.The paper 

presents a comparative study on how these techniques are used in low noise amplifiers (LNA) design. The LNA 

is a crucial block in the structure of a communications receiver and must meet some strict specifications. The 

survey shows that most commonly, some sort of multi-objective optimization is employed in the design process. 

Various combinations between genetic algorithms and other techniques, such as expert systems, fuzzy logic or 

simulated annealing are also present. Associating GAs with a morphological approach or searching for the 

optimum circuit elements’ geometry, rather than for electrical values, are other modern ways to design an LNA.  

The literature survey showed that although neural networks are a well-known and highly promising 

computational intelligence technique, they do not appear to be used for LNA design. This highlights the 

opportunity to investigate such an option, for instance to replace the circuit simulator in the optimization loop 

with a neural network model of the circuit, and to call on the simulator only for the final solution(s). Such an 

approach would certainly lead to a shorter overall design time and a reduced complexity.  

 

 
Figure 4. Basic configuration of Fuzzy Multi-objective Genetic Algorithm [22] 
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