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Abstract— This paper presents an overview of Low Noise 

Amplifiers architectures. A brief review of noise figure is 

presented to give reader some background into typical 

performance measures of LNAs. In addition traditional radio 

frequency (RF) receiver architecture is presented and LNA 

performance is related to overall receiver performance. 
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I. INTRODUCTION 

Low Noise Amplifier are the backbone of radio frequency 

(RF) communication receivers, being the first block of the 

receive chain, LNA has an ability to receive the maximum 

signal without reflecting any part of it, at the same time it 

has to insure that it adds less noise to the signal component. 

CMOS LNAs are recently drawing intense attention because 

users want a cheaper, fully integrated solution. Bipolar 

solutions generally offers higher performance, but cannot be 

fully integrated with the receiver‟s baseband digital signal 

processing which is inherently realized in CMOS 

technology. This paper gives an introduction to the 

fundamental concepts of LNAs and their relevance to 

modern wireless communications receivers. 

II. RECEIVER ARCHITECTURE 

When we design a low noise amplifier, there are several 

common goals. They include, minimizing the noise figure of 

the amplifier, providing gain with stability and providing a 

stable 50 Ω input impedance to terminate an unknown 

length of transmission line which delivers signal from the 

antenna to the amplifier (1). Typical heterodyne receiver 

architecture as shown in Figure 1 as it is clear from the 

figure that the signal received from the antenna has to pass 

from the band select band pass filter and then it proceed 

towards LNA. The reflection from LNA is always undesired 

because it will affect the filter characteristic of the band pass 

filter preceding the LNA and hence the overall performance 

of receiver will be altered. Further for the signal, which is 

being received by LNA, one has to ensure that the maximum 

 

 

 

 

 

 

 

Fig. 1: Basic Heterodyne Receiver Architecture 

Part of incoming signal is received by it. So the 

first stage of LNA will be the input matching stage which 

will insure that maximum signal is going into LNA for 

processing. According to maximum power transfer theorem, 

the signal received by the LNA to show minimum 

reflection, the input impedance of the LNA must be 

complex conjugate of the source impedance. Therefore for 

simplicity it is assumed that source impedance is real and its 

value is 50Ω. Now it is also known that if a number of 

components are connected in cascade configuration than the 

equivalent noise factor of the chain will be  
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 From equation 1 it is clear that the noise factor of 

the system mainly depends upon the noise factor of the first 

stage because it directly gets added to the noise factor of the 

system. While the noise factor of the system which comes 

after the first component, gets divided by the gain of the 

preceding component and so on, so it is very important to 

ensure that the LNA is not adding much noise. So from 

above discussion it is clear that mainly there are two 

conditions for LNA first is that the input impedance is 

matched with the source impedance and second condition is 

that noise figure of LNA should be minimum with high 

gain. Also, it is clear that it is impossible to satisfy both the 

condition simultaneously and accurately, therefore one will 

have to go for tradeoff and the respective stages of 

development of LNA should be discussed starting from the 

basic circuit of LNA. 

III. RECENT LNA ARCHITECTURE 

A. Resistive Matching 

The simple resistive type matching LNA circuit is shown in 

Figure 2. The input impedance of MOSFET can be taken as 

infinity for particular frequency of interest, so in order to get 

the matching Rin should be equal to Rs. Therefore in this case 

Vin will be equal to half of the value of Vs 

 

Fig. 2: Resistive Matching Lna 

Further, although it will be a broadband matching 

but it will show very poor performance because it can be 

seen that half of the signal power is already lost before 

proceeding to the LNA and also this circuit is adding noise 

i.e. thermal noise because of R1 is being added to the input 

stage of LNA. Adding noise to the output stage of LNA will 

not be that much dangerous because overall noise figure gets 

divided by the gain of preceding stages. Noise figure of a 

circuit is given by following relation: 

             
                  

                         
 

Calculating noise figure from figure 2 identifying 

the noise sources in circuit- 

(1) Due to source resistance 

                          
                                            (2)                                                                                 

(2) Due to termination resistance R1               

                             
                                                    (3)                
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(3) Due to induced drain current 

                         
     (    )                                        (4)                                                

In above equation γ is a constant that has value unity for 

linear region and reduced to 2 / 3 in saturation region and gdo 

is zero bias drain conductance. 

(4) Due to load resistance RL 

                                                                (5)     

GL is the load transconductance. 

So from equation (2) to (5) total output noise current is 

given by 

  
    

    
  (    

      
 )  

                     (6) 

So noise figure using equation 2 to 6 is given by- 
    

  

  
 

 

    
 
    

  
                               (7) 

From equation (7), it is observed that even if gm becomes 

very large, noise figure still will be dominated by 

termination resistance R1. Hence, termination by resistor is 

not a good option as noise figure is very high. Clearly the 

value of noise figure that will be obtained from this 

configuration will be more than 3dB so this configuration is 

not much practically applicable. 

B.  Shunt-Series Feedback Amplifier 

Another possible configuration is shunt-series feedback 

amplifier which is shown in Figure 3.It is observed that the 

main problem of previous configuration, is not present here 

i.e. half power was being attenuated before coming to the 

actual circuit which was responsible for the poor 

performance of resistive type matching circuit. The value of 

noise figure for this configuration can be represented as 

Equation (8). 

 
Fig. 3: Shunt Feedback Amplifier (Biasing Not Shown) 
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It is clear from the equation (8) that, in order to get 

minimum noise figure gmRs and RF should be more, but the 

main problem is „RF‟ induces noise but the both conditions 

are contradict each other. However, the performance of this 

topology is better than the common source topology. 

C. Common Gate Amplifier 

The common gate topology for low noise amplifier is shown 

in Figure 4. The noise figure of this configuration is 

calculated by considering the effect of drain current. 

 

 

 

 

 

 

Fig. 4: Common Gate Topology 

Since the drain current is injected into the input, it adds 

noise in the shunt with the input noise current. By definition,  

Noise figure =  
                  

                         
 

    
         

      
                                 (9) 

On solving Equation (9),      

    
 

 
                                                (10) 

Since γ is 2 /3 for saturation region and is unity. Putting 

these values in equation (10), noise figure is typically equal 

to 2.2dB and for short channel devices this value may 

increase to 3dB. So we conclude that (1/gm) termination is 

not a good way for matching purpose. 

D. Inductive Source Degeneration 

Ideal inductor does not contribute internal noise. However, 

real inductors suffer from both internal and external noise. 

Inductive source degeneration offers the best noise match 

among all the techniques discussed earlier. Figure 5 shows 

the equivalent model of MOSFET consisting of voltage 

source in parallel with the load resistance RD. 

 

 

 

 

 

 

 

 

 

Fig. 5: Equivalent Model Of Mosfet 

As goal is to provide 50Ω proper termination but in 

reality the input of the device is reactive, with real and 

capacitive impedance. Capacitive reactance is removed by 

adding inductive feedback to the source. Calculating input 

impedance from figure 5 by applying KVL at input, it comes 

out to be 

          (        )                       (11) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Equivalent Mosfet Model With Inductive Source 

Degeneration 

In Equation (11), 

      
    

   
                      (12) 

From equation (11), it can be observed that by 

adding series feedback, Rs+jXLs term is added to original 

input impedance. Additionally, another inductor is added in 

series with the gate Lg that is selected to resonate with the 

Cgs. Lg is designed so that at resonant frequency, it cancel 

out Cgs ie;     (        )              
   

    

   
                          (13) 
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Fig. 7: Mosfet Model With Inductive Gate And Inductive 

Source Degeneration 

1) Cascode Configuration 

Cascode refers to the combination of common source and 

common gate. Main purpose of using the Cascode 

configuration is to suppress the miller effect at the output 

and to increase the gain by increasing the output impedance 

of the circuit. 

 

 
Fig. 8: Common Source Circuit And Its Equivalent Small 

Signal Circuit 

Output impedance of the circuit is given by 

     
     

    
     

 

     
         (14) 

The voltage gain is given by 

                            (15) 

 
Figure 9: Equivalent Small Signal Of C-S Circuit For 

Investigation Of The Millar Effect 

We investigate now the impact of this capacitance 

on the input by deriving an equivalent input capacitance. To 

achieve equal input admittance conditions with respect to 

the two networks shown in Figure 9, the fallowing relation 

hold.   

      
       

   
              (14) 

With                                    

We get, 

                   (       )        (15)                          

                    (  
   

   
)        (    )        (16) 

Suppose that the imaginary part of av is neglected. 

Hence the equivalent capacitance seen at the input becomes 

           (    )             (17) 

Where Cm represents Millar capacitance. We can 

draw conclusions that at large av, Cm and consequently Cin 

may be much higher than Cgs. Usually Cgd is around 2-10 

times smaller than Cgs. The high input capacitance makes 

the input matching to resistive source impedance difficult. 

Miller capacitance can be reduced by Cascode topology. 

 

 
Fig. 10: Cascode Schematic Circuit And Simplified Small 

Signal Equivalent Circuit For The Calculation Of The Miller 

Capacitance 

The output impedance of the circuit shown in 

figure 8 is given by equation (18) 

            
      

                         (18) 

Since usually        , the Zout of the cascode circuits is 

much larger than that of the common source approach. 

Loaded with the input impedance 1/gm of the common gate 

circuit, the av (voltage gain) of the common source stage 

with transconductance  gm exhibits  a  low value of -1 since  

av = -gm.RL 
   (    )                

2) Table 1: Advantages and Disadvantages Of LNA 

Architectures            

The advantages and disadvantages of different kinds of 

LNA topologies are shown in Table1 

Type of 

Architecture 
Advantage Disadvantage 

Resistive 

Termination C-

S 

Broad band 

amplifier 

Adding the noise 

from resistor. 

Common-Gate 

Input impedance 

is equal to1/gm. 

It is practical to 

get 50Ω. 

The impedance 

varies with bias 

current. 

Shunt-Series 

Feedback 

C-S 

Broad band 

amplifier. 

Adding noise 

from resistor. 

Inductive 

Degeneration 

C-S 

The source and 

gate inductor 

make the i/p 

Impedance 50Ω. 

Not adding noise 

The inductor is 

off chip. 
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from input. 

Cascode 

Inductive 

Degeneration 

C-S 

Isolation of i/p 

and o/p is good, 

high gain, low 

noise figure. 

The inductor is 

of chip. 

The corresponding value is much smaller than the 

one for the common source circuit. From the discussion it is 

clear that the effect of miller capacitance Cgd has been 

suppressed at the output in cascode. 

 
Fig. 11: LNA With Inductive Load 

IV. CONCLUSION 

As in all the discussed architecture, Cascode C-S inductive 

degeneration configuration is best from other. So we have 

chosen Cascode configuration with inductive load. It 

provides sufficient gain without adding significant noise and 

also provides good stability by using Cascode stage 

(common gate). Instead of using resistive load, inductive 

load is used for design of the low noise amplifier because 

many advantages like the inductor between the Cascode 

sources and supply blocks any RF leaking to the supply rail 

and may be varied in value to optimize the gain response of 

the LNA. To tune out the capacitances producing at the 

output, thereby providing band pass filtering. Compare to 
resistive load inductive load produces less noise. 
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