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1. INTRODUCTION 

 

Recently, the wireless communication domain 

has made a tremendous progress with a rather 

rapid speed. It is highly desirable that a 

communication system should be highly 

integrated and it should provide more functions 

with optimized power consumptions that 

provide highly efficient output. The CMOS-

based technologies are widely exploited and are 

commonly deployed in the area of the LNA 

within the acceptable range of RF signals, i.e., 

few Hz–GHz range. The CMOS-based low-

noise amplifier (CLNA) is getting its popularity 

among the different wireless protocols for the 

transformation of the data applications such as 

GSM, PCS, IMT-2000, and Wireless LAN. The 

most dominant parameter that affects the 

overall performance of the LNA is the noise 

figure (NF).  

 

This means that it is highly desirable by the 

amplifier that the noise figure should be 

minimized so as to obtain the desired 

performance level for a system, i.e., the NF 

value of the amplifier should be of low value 

such that the possibility of the distortion of the 

output signal of an amplifier should be 

nullified. However, this methodology of 

obtaining high performance of the amplifier 

requires that the size of the components should 

be of more consideration which in turn 
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enhances the systems overall cost in terms of 

much more power dissipation as compared to 

others [1–3]. One of the alternate solutions to 

this problem of analyzing the noise parameter 

of the amplifier is based on the use of the 

commonly used architecture, i.e., common 

source configuration-based amplifier. This 

designing approach has got an inbuilt 

advantage that it can be easily implemented for 

any specific applications, so as to realize the 

input matching and the best possible revised 

isolation. However, it has been observed that 

the noise figure of an amplifier has got a 

dominant impact on the performance of the 

amplifier with an extent of a bit large 

magnitude in case of practical applications. 

Another designing approach of an LNA, i.e., a 

low-noise amplifier can be implemented by 

adopting an architecture known as a cascode 

technique with a feedback topology.  

 

This technique of LNA design is very common 

in use because of higher forward gain and 

revises isolation. It has got an inbuilt drawback 

that the substrate parasitic capacitance of 

common source topology will degrade the gain 

and noise figure of the amplifier [4–6]. This 

problem can be minimized with the use of an 

inter-stage matching circuit and a feed-back 

network so as to enhance the performance of 

the LNA circuit. The upcoming advent in the 

CMOS technology offers a highly favorable 

platform for the high-volume production of a 

broad range of consumer applications that 

requires the wireless communication. Hence 

with this introductory discussion, we can put 

forward that the designing process of the LNA 

involves trade-offs among gain, bandwidth, 

noise, power consumption, and linearity. It 

means that we have to optimize the designing 

approach with caution since these tradeoffs are 

quite complex in nature, and thus, adequate 

techniques have to be used that lead towards 

the acceptable level of performance of the 

amplifier [7–10].  

 

2. BASIC AND CONVENTIONAL LOW-

NOISE AMPLIFIERS 

 

The advancement in the communication trends 

has put forward an extreme requirement of the 

CMOS solutions that can be very well 

associated with the transmitting and receiving of 

the data at quite high speeds with low error 

rates, low cost and low power consumption and 

dissipation. The basic sources of the presence of 

the noise in case of an amplifier may be because 

of the induced gate noise that primarily occurs 

at high frequencies. This sort of source of the 

noise distortion generally occurs in the amplifier 

when the channel thermal noise is capacitively 

coupled to the gate of the CMOS transistors of 

the circuit [11–13]. The effect of induced gate 

noise on the performance of the LNAs was so 

far usually, considered theoretically, i.e., 

mathematical calculations were done so as to 

find the overall impact of this on the 

performance of the LNA. This concept of the 

discussion is totally, based on the transistor 

sizing over all levels of inversion and channel 

lengths that form the important foundation base 

or the advanced CMOS design [14–16].  
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Fig. 1: Basic Schematic of Low-Noise Amplifier 

[10]. 

 

Figure 1 shows the schematic arrangement of a 

low-noise amplifier using MOS transistors. The 

design of this circuit is based on the concept of 

the cascode topology with source degeneration. 

The mathematical relation of the values of the 

inductors used in the circuit can be expressed as 

follows [17–20]: 
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where the value of the resistance connected with 

source is in the range of 50 Ω and the slew rate 

of the amplifier is efficiently high as required by 

the application [21].  

 

 

 

 

 

Fig. 2: Basic Configurations of Amplifiers [15]. 

 

Thus, based on this discussion one can easily 

deduce that this domain of analysis of the noise 

in case of amplifiers has got the maximum use 

in the domain of data transmission, i.e., the 

communication field. Transmission of data can 

be done with the help of any protocol that could 

be wireline-based or it could be wireless. It 

means that the wireline devices that operate at 

10–40 Gb/s such as MUX and DEMUX 

circuitry arrangement for Ethernet applications 

demand the efficient and optimized design of 

broadband amplifiers [22–25].  

 

The CMOS technology proves to be a better 

aspect in this problem since it has the capability 

of minimizing the parasitic limitations that 

enhances the performance of amplifiers and 

hence motivates to the use of bandwidth 

extension techniques such as distributed 

amplification for specific issues. However, on 

the contrary, these distributed amplifiers 

consume large area and high power and thus 

prove to be difficult and tedious to design owing 

to delay line losses. Figure 2 shows the 

schematic concept of the circuit arrangement of 

the configuration which is commonly used in 

the design of an amplifier for communication-

based applications. This circuit consists of basic 

MOS transistor having the load resistance and 

other passive components that represent the 

drain parasitic and load capacitance, 

respectively, which is quite extensively used in 

the design of certain amplifiers that are used in 

wireline applications. The mathematical 

behavior of the amplifier can be discussed with 

the help of following equations, i.e., the MOS 

drain current [26, 27]: 

 D F R SPEC f rI I I I i i                           (2) 

 

where the specific current is the normalization 

current and is given as 

 

22. .SPEC TI n U                                   (3) 
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where . ' .
W

C ox
L

   is the gain factor, and 

W and L are the device width and length 

respectively, if and ir are the symmetric forward 

and reverse normalized currents. And the 

terminal voltages are normalized to 

thermodynamic potential, i.e.:  
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where the pinch-off voltage VP and the slope 

factor n are the function of the gate voltage, i.e.: 
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In Eq. (4), VTO is the threshold voltage, γ is the 

substrate factor and   amounts to twice the 

fermi- potential. 

 

Fig. 3: Schematics Arrangement of Basic LNA 

[21]. 

 

It is a well known standard feature that CMOS 

inverter has no internal nodes, i.e., the 

performance of the circuits that are designed 

using CMOS transistors will not be degraded 

due to the presence of the extra parasitic poles 

and zeros, when operated at high frequency. 

Thus, this sort of designed circuits have good 

linearity relation existing in the voltage-to-

current conversion and vice-versa.  

Figure 3 shows another commonly used 

schematic arrangement of a low-noise amplifier 

with an inbuilt circuit arrangement of thermal 

noise canceling. It means that this circuit is 

highly capable of reducing the thermal noise at 

the output to an acceptable ratio. This means 

that this inbuilt circuitry arrangement of 

minimizing the thermal noise which is 

associated with the CMOS transistors in turn 

enhances the overall performance of the 

amplifier. It is also observed from Figure 3 that 

the circuit arrangement of this inbuilt circuitry 

of thermal noise canceling is quite easy since it 

consists of simple CMOS inverters [28, 29]. 

 

3. METHODOLOGY AND LOW NOISE 

ANALYSIS APPROACH 

 

This has been in discussion since long that in 

order to achieve the high-performance of the 

device and the circuits which are used as VLSIs 

in logic and memory applications, the CMOS 

has become a quite popular and dominant 

technology due to its very low power capability 

and large noise margin [30–32]. This CMOS 

technology has also got an inbuilt feature of 

containing the analog and digital systems that is 

highly desirable in the designing and fabrication 

of the on-chip devices technology.  

 

Since the signals of the circuits in VLSI systems 

are quite frequently used to drive the large 

parasitic capacitances, the minimizing signal 

swing of the noise or high sensing of the 

presence of the noise capability is highly 

required so as to improve the system 
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performance. The two most important features 

of the CMOS-based LNA circuit that are 

required in input matching circuit design are the 

passive component values and their quality 

factor. Thus, it has been observed that the high 

value of the passive components increases the 

chip size, while the low quality factor value 

increases the losses that in turn degrade the 

noise factor.  

 

Fig. 4: Proposed Schematic Arrangement of a 

Low-Noise Amplifier.  

 

Figure 4 shows the circuit arrangement of a 

novice CMOS-based low-noise amplifier which 

has got the inbuilt capability of analyzing the 

presence of the noise in the signal at the output. 

With this discussion, this work puts forward an 

innovative CMOS-based LNA with high 

performance that is very much capable of 

minimizing the noise at an acceptable level as 

per the need of the applications. The transistors 

M1 and M2 constitute the main module of the 

circuit which are used in the reduction of noise 

at the output.  

 

For this purpose, there is no requirement of the 

matching between the common-source stage 

and the common-gate stage for the two 

transistors. In this circuit, the capacitor has been 

used as the blocking module that minimizes the 

unwanted signal from the output, i.e., a blocking 

capacitor [33]. Now in the analysis of the circuit 

of this proposed CMOS-based LNA, we have 

taken into account the most dominant 

parameters. Thus, the resultant impedance of the 

circuit can be discussed and the value of the 

impedance containing the Lf and the Rf can be 

expressed as:  

 0.2 5f fL R                                  (5) 

 
1

11

1 m s
in s eff

gsgs d

g L
Z j L Z

Cj C C



   


      (6) 

 

where Cgs1 is the gate-to-source capacitance of 

M1, gm1 is the trans-conductance of M1, Zeff 

represents the impedance of the matching 

network and Ȧ is the resonance frequency. With 

the available impedance of input source, the 

matching condition is [34–36]: 
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      (8) 

Now, it is a well-known and acceptable fact that 

the noise present in the signal of an amplifier is 

the prime source that limits the minimum signal 

level that a circuit of the amplifier can process 

with acceptable quality and performance. This 

whole philosophy of the amplifier is governed 

with the help of a predominant factor, i.e., 

known as noise figure of the amplifier.  

 

The main role of the noise figure is to provide 

the optimized condition with which the 

amplifier can achieve the required performance, 
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and this can be achieved with the proper 

selection of the appropriate device under the 

influence of power and gain of the amplifier. 

The simplified input-referred noise voltage 

power of each transistor of the circuit in Figure 

4 can be given as [37]: 

2
41

.
BF

nij

OX ij ij ij

k TK
u

C W L f gm


                       (9) 

 

where KF is the flicker noise coefficient, COX is 

the normalized oxide capacitance, Wij and Lij are 

the width and length of the transistor 

respectively, f is the frequency, kB is the 

Boltzmann constant, T is the absolute 

temperature, γ is the coefficient equal to the 2/3 

for long channel device and gm is the trans-

conductance of the transistor.  

The total input-referred noise spectral density is 

the sum of each input referred noise voltage 

(two times to account for the differential circuit) 

and is given by [38]: 
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The total output noise power is proportional to 

isc
2, i.e., the mean-square input port short circuit 

current [35, 36].  

2
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Since is not correlated with in or vn, thus, we 

have  
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                                  (13) 

 

4. EXPERIMENTAL ANALYSIS AND 

SIMULATION RESULTS OF CMOS 

AMPLIFIER 

 

 

 

 

 

 

Fig. 5: (a) AC Analysis (b) AC Analysis (Noise 

Distortion). 

 

 

 

 

 

Fig. 6: (a) DC Analysis (Noise Distortion) (b) 

DC Analysis. 

 

 

 

 

 

Fig. 7: (a) Transient Analysis (b) Transient 

Analysis (Noise Distortion). 

 

 

 

 

 

 

Fig. 8: (a) Noise Figure of the Input and Output 

(b) Proposed LNA Noise Analysis. 
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The above shown Figures (i.e., 5–8) give us a 

glimpse of the experimental results of the 

detailed analysis of the low-noise amplifier that 

are obtained with the simulation of the 

parameters using pSpice software based on 

0.13 µm CMOS technology. Figures 5(a) and 

5(b) present the experimental results of the AC 

analysis of the low-noise amplifier with and 

without the effect of the noise present in the 

signal.  

 

Similarly, Figures 6 and 7 provide the analytic 

behavior of the proposed LNA circuit under the 

impact of the noise.  Figures 8(a) and 8(b) show 

the behavior of the noise figure of the proposed 

LNA and the input-output behavior of the noise 

of the amplifier, respectively. The noise analysis 

summary shows the contributions of different 

noise sources in the total noise. This is a very 

powerful feature to focus the effort to improve 

the noise performance of the device which 

contributes the maximum noise. It has been 

observed that the maximum gain and minimum 

noise situation cannot be obtained at the same 

time.  

 

5. CONCLUSIONS 

 

In this work, an innovative concept of a low-

noise amplifier (LNA) has been put forward that 

has been based on the cascode feedback 

topology. This LNA has got all the desired 

features and parameters which are required for 

any specific application with highest feasible 

performance. During the design process of this 

amplifier, several important factors have been 

keep in consideration, say the power 

consumption, gain, and noise figure of the 

amplifier so as to achieve the best results of the 

system with good performance.  

 

In order to discuss the performance of the 

proposed low-noise amplifier circuit, the 

simulation work of the circuit has been carried 

out using pSpice software with a 0.13 μm 

CMOS technology. For this purpose, the circuit 

has been applied with a low supply voltage with 

the input and output impedances as 390 Ω and 

45 kΩ, respectively. So, with these modeled 

parameters, the noise analysis of the low 

amplifier circuit has been performed that in turn 

provides the high performance at the output 

with large voltage gain, wide bandwidth, low 

input referred noise, and low power dissipation. 

In this circuit, the rise of the input referred 

noises at low frequency is attributed to the 

flicker noises of transistors. The noise floor, 

which extends over most of the amplifier 

bandwidth, comes from the channel thermal 

noises.  
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