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Abstract-  In this paper we have designed and analyzed a low 

noise amplifier (LNA) for ISM band at 2.4 GHZ frequency. 

This proposed amplifier uses GaAs FET transistor which has 

low noise and was a high electron mobility transistor, and also 

provides good input and output matching. The design 

simulation was done using Advance Design Simulation (ADS) 

software. At 2.4 GHZ frequency the designed amplifier gives a 

noise figure (nf) of 0.21dB, input return loss (S11) of -21.49 dB 

and output return loss (S22) of -21.26 dB. 

Keywords: Low Noise Amplifier, Advance Design System, high 

electron mobility transistor, noise figure 

I. INTRODUCTION 

 

An electrical device which is used to boost the desired 

signal power received at the front end of the 

communication system, while adding little noise and 

distortion as possible is called low noise amplifier. Low 

noise amplifier is placed as a first component of the 

receiving system. The noise figure of all following stages 

in the receiving system is reduced by providing a low noise 

amplifier with high gain and low noise figure, thus it 

provides enough amplification and minimum degradation 

of signal-to noise ratio (SNR). 

Low noise amplifier are widely used in a variety of 

applications such as RF communication systems, cellular 

telephone, two way radio, personal digital assistant (PDA), 

Bluetooth devices with other communication systems. Low 

noise amplifiers are used in many systems where low-level 

signals must be sensed and amplified. 

In LNA design it is necessary to compromise its 

simultaneous requirements for high gain and low noise 

figure, stability, good input and output matching. The 

proposed low noise amplifier design is carried out with a 

systematic procedure and simulated by Advanced Design 

Systems (ADS) designed by Agilent.   

II. LNA DESIGN 

 

 In the designing of low noise amplifiers, the 

important goals are minimizing the noise figure of low 

noise amplifier, producing higher gain, lower power 

consumption and providing good input and output 

matching. 
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Fig1. Block Diagram of single stage LNA 

 

A. Transistor Selection 

 In this paper, GaAs FET transistor has been 

chosen for designing the low noise amplifier. Gallium 

arsenide is preferred over silicon due to its superior 

performance at microwave frequencies. It has low noise 

and was a high electron mobility transistor. Before using 

the transistor must be biased at appropriate operating point. 

So that, it can work under required values and achieve less 

power consumption. 

 

B. Noise Figure 

Noise can be characterized as any undesired signal that 

interferes with the main signal to be processed. Noise in 

electronic components is caused by random thermal 

fluctuations of electrons. Noise figure is commonly used to 

define extra noise generated by the circuit or system. It can 

also said that, the ratio between SNR at input to the SNR at 

output, and is expressed in decibels. It is expressed by 

following equation. 
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  NF= 10 log SNRin   in dB                         (1) 

                  SNRout 

Where, 

NF= Noise figure 

SNRin= Signal to Noise ratio at the input of the circuit or 

system 

SNRout= Signal to Noise ratio of the circuit or system at 

output 

C. Gain 

The gain of the device is its ability to amplify the 

amplitude or power of the input signal. It is defined as the 

ratio of output to input signal and is often expressed in 

decibel.  The general transducer gain (GT) of a two port 

network having S21 & S12 values, is 

GT= Power delivered to load / Power available from source 

In terms of s-parameters, transducer gain (GT) is 

given by, 

 

GT= [ (1- | Ґs | 2) /( |1-S11 Ґs| 2 ) ] [ |S21| 2 ] [ (1- |ҐL| 2 ) / (  

| 1-S22 ҐL | 2 )                                             (2) 

 

If S12=0, then ҐIN = S11 and ҐOUT = S22 and transducer gain 

becomes the unilateral gain.  

Overall gain (in dB) of the transistor 

 

GTU (dB) = GS (dB) + GO (dB) + GL (dB)   

                                        (3) 

 

D. Input and Output Return Loss 

Input return loss indicates the mismatch between 

the input impedance of an amplifier and the characteristic 

impedance of the transmission line at its input by acting as 

a measure of the amount of power reflected back when an 

input signal is injected into the input of the amplifier 

through the transmission line.  

        Input Return Loss = -20 log |S11ǀ                   (4)   

        Output Return Loss = -20 log |S22|                (5) 

E. Stabilizing Techniques 

By introducing some resistive feedback at input 

side and resistive loading at output side, the designer can 

stabilize the amplifiers. Disadvantage to this technique is 

that it fails for designing low noise amplifier because the 

resistive terminations introduce some extra noise to the 

amplifier. In such cases the stabilization is done by 

providing inductors in emitter or source side, as the 

inductors are noiseless devices. 

 

 
 
 Fig2. Schematic diagram of LNA 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig3. Noise Figure 
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Fig4. Input Return Loss 

 

 

 
 

Fig5. Output Return Loss 

 

 

III. SIMULATION RESULTS AND 

DISCUSSION 

 

 The simulation result for the proposed low noise 

amplifier is shown in below figures. The designed low 

noise amplifier provides a noise figure (NF) of 0.21 dB, 

input return loss (S11) of                   -21.49dbdB and 

output return loss (S22) of -21.26 dB for 2.4 GHZ 

frequency 

 

 

 

 

 
 

IV. EXPECTED OUTCOME AND FUTURE 

WORK 

 

In this paper, the low noise amplifier is designed to meet 

the following specification 

  1. Frequency: 2.4 GHZ 

  2. Supply Voltage: 3V 

  3 .Drain Current: 60mA 

  4. Noise Figure: 0.212dB 

  5 .Input Return Loss: -21.49dB 

  6. Output Return Loss: -21.26 dB 

We have achieved 75% of the desired result in the 

low noise amplifier for its gain. The design of amplifier 

will be further improved in our future work. 
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