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Abstract 

 

Due to rapid developments in communication industry, the requirement of more and different 

kinds of wireless communication systems has increased. It is desired that these wireless 

communication systems have characteristics such as low noise figure, low input/output return 

losses, a high IIP3 and, low power consumption. The main aim of the manufacturers of the 

wireless communication systems is to achieve low power. In these wireless communication 

systems, the RF front-end circuit is LNA which is one of the crucial elements of RF receivers. 

They amplify RF signal to a particular level so that the sensitivity requirements of other 

components in RF receivers such as filters are met by RF signal as the signal received by the 

antenna is very small. Hence, it is important to amplify the signal as much as possible without 

noise addition and also; attaining good linearity, high gain and low power consumption at the 

same time. For designing of LNA, the most optimum tradeoff between various parameters has 

to be achieved. Also, the size of communication devices and power consumption should be as 

minimum as possible, which is possible nowadays because of advancements in integrated 

circuit (IC) technology. In this thesis, low noise amplifier topologies have been proposed to 

achieve high linearity while keeping the noise performance as good as possible and gain as 

high as possible. To achieve input impedance matching of 50 Ω, a pi-matched circuit is used 

at input. The proposed low noise amplifier topologies are designed for 2.4 GHz frequency. 

The circuits are implemented using 0.13 µm CMOS technology and is simulated using 

Advanced Design Simulation Software.  
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Chapter-1 

____________________________________________________ 

INTRODUCTION 

1.1 Motivation 
 
The electromagnetic spectrum’s part that covers high frequencies in GHz range is the radio 

frequency range. Signals received by and transmitted from the antenna are RF signals. 

People’s demand for wireless applications has become more sophisticated i.e., requiring a 

small power of radiation, large converging area, and higher speed because of the rapid 

development of communication technology. 

 

Wireless telecommunication systems are used in reception and transmission of radio 

waves, which includes Wi-Fi, mobile phones, and two-way radios. Because of the 

communication industry’s rapid developments, the requirement of more and different kinds 

of wireless communication systems has increased. It is desired that these wireless 

communication systems have characteristics such as low noise figure, low input/output 

return losses, a high IIP3 and, low power consumption. The main aim of the manufacturers 

of the wireless communication systems is to achieve low power. The demand of small 

radiation power, large converging area, and high speed are fulfilled due to the low-cost, 

low-rate, and low-power network; IEEE 802.15.4 ZigBee standard.  

 

The license free frequency bands are 2400 MHz, 920 MHz, and 860 MHz, used by IEEE 

802.15.4 ZigBee standard. The design in this thesis is mainly concentrated on the 2.4GHz 

band because of global operation in this band as is used by router, cordless phone, 

Bluetooth device, baby monitor and etc.  

  
1.2 S-parameter 

A two port networks performance can be described in many different ways such as using 

Y parameters, Z parameters, ABCD parameters and T parameters for low frequency. Linear 

electrical network behavior is described by these parameters by using open circuit and short 

circuit conditions. However, at high frequency it is difficult to realize these terminations 

and hence, cannot be used for high frequency analysis. Therefore, S parameter is used for 

high frequency analysis i.e. also for RF range.  

Load termination measurement and matching is achieved by S-parameter by utilizing 

incident wave and reflected wave at the input port and the output port. A two port network 

is shown in figure 1.1. 
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                                                       Fig 1.1 Two port network [1] 

where, 

a1 and  a2 are incident wave 

b1 and b2 are reflected wave  

The relationship between a1, a2, b1 and b2 is described by s parameter as follows: 

[
𝑏1
𝑏2

] =  [
𝑆11 𝑆12

𝑆21 𝑆22
] [

𝑎1
𝑎2

] = [𝑆] [
𝑎1
𝑎2

]                                                                   (1.1)   

The matrix [S] is called the scattering matrix. Its parameters are as follows: 

 

1.2.1. S11  

S11 is input reflection coefficient or input return loss. In order to measure S11, a 

signal is injected at input port and its reflected signal is measured. In this case, no 

signal is injected into output port. So, it represents the measure of matching of the 

input impedance to the reference impedance. It is given by: 

       𝑆11 =
𝑏1

𝑎1
| 

𝑎2 = 0
                                                                                                          (1.2a)                                      

 

1.2.2 S12  

S12 is reverse transmission coefficient or reverse isolation as it measures how much 

the input signal is reflected back. In S12, a signal is injected into output port, and 

signal power leaving port is measured. 

𝑆12 =
𝑏1

𝑎2
| 

𝑎1 = 0
                                                                                             (1.2b) 

 

1.2.3 S21 

S21 is forward transmission coefficient or forward gain. If S21 is to be measured, a 

signal is injected at the input port, and the resulting signal power exiting output port 

is measured. It measures how well the signal goes from input to output. 

𝑆21 =
𝑏2

𝑎1
|  

𝑎2 = 0
                                                                                              (1.2c) 
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1.2.4 S22 

S22 is output reflection coefficient or output return loss. For S22 measurement, a 

signal at output port is injected and its reflected signal is measured. So, it represents 

the measure of matching of the output impedance to load impedance. 

𝑆21 =
𝑏2

𝑎2
|  

𝑎1 = 0
                                                                                                            (1.2d) 

 

1.3 Low Noise Amplifier 

 
In these wireless communication systems, the RF front-end circuit is low noise amplifier 

which is one of the crucial elements of RF receivers. They amplify RF signal to a particular 

level so that the sensitivity requirements of other components in RF receivers such as filters 

are met by RF signal. 

 

Since, the low-noise amplifier (LNA) is the first stage of receiver and is an important 

component of wireless telecommunication systems. Firstly, its main function is to 

overcome the noise of subsequent stages (such as mixers) by providing enough gain, i.e., 

it should have high gain. Secondly, minimize the effect of the overall noise performance 

by adding as little noise as possible, i.e., it should have low noise figure itself. Thirdly, 

large signals should be accommodated without distortion by an LNA, i.e., it should provide 

good linearity. A specific impedance of 50 ohms must be provided by LNA to the input 

source and output load. Also, low power consumption should be there especially in portable 

systems. 

 

1.4 Low Noise Amplifier Design Parameters  

 
The low noise amplifier is the first active and also, an essential block in the receiver chain 

of communication system. It is used at the front end of the receiver, is connected directly 

to the antenna. So, the noise performance of low noise amplifier directly impacts the overall 

noise performance of the receiver. Crucial design specification i.e., noise figure (NF) has 

trade-offs with other design specifications such as gain, power consumption and third order 

intercept point (IIP3). So, LNA design consists of trade-offs between gain, noise figure, 

linearity, input and output matching, and power consumption. However, to achieve good 

overall system performance, several desired parameters are required such as low power 

consumption, high gain, high third order intercept point, low noise figure and good input 

and output impedance matching. 
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Fig. 1.2 Basic Components of Amplifier with input/output of amplifier (two-port network) 

 

where,  

Гs is reflection coefficient of source of two-port network, 

ГL is reflection coefficient of load of two-port network, 

Гin is reflection coefficient at input of the amplifier and, 

Гout is reflection coefficient at output of amplifier. 

 

Combination of following three stages form low noise amplifier 

 

1.4.1 Input matching network. 

 

The input matching network is present so that the input return loss or input 

reflection coefficient (S11) is minimum without additional noise introduction. The 

ideal value of the input impedance is infinite if the low noise amplifier is considered 

as voltage amplifier. So, to obtain minimum noise figure, a transformation network 

is required before low noise amplifier, if viewed from noise point of view while 

conjugate matching between antenna and low noise amplifier is required, if viewed 

from signal point of view. Each of the above choices has its own advantages and 

disadvantages however, the latter is commonly used in today’s systems. Therefore, 

LNA is designed such that it has input impedance equal to 50 Ω resistance. 

 

The LNA is designed to make gain and linearity as high as possible and make noise 

figure as low as possible. However, gain and linearity are the two parameters which 

are poles apart and it is difficult to balance them i.e., gain will be affected while 

trying to improve the linearity and vice versa. Gain is enhanced in pi-matching 

when compared to T-matching. So, in order to obtain reasonable linearity at low 

power, pi-matching is used and hence, is adopted in this thesis. 

 

1.4.2 Main amplifier section 

 

Amplifier section ensures maximum gain and linearity and also, minimum noise 

figure and power consumption. It also provides input impedance matching at the 

same time. 
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1.2.4.1 Power Gain 

 

In figure 1.2, the input/output power gain of low noise amplifier i.e. a two port 

network is shown. Power gain is defined as the ratio of the power dissipated in 

the load i.e., output power to the power supplied to the amplifier i.e., input 

power. The power gain mathematically, can be expressed as: 

 

𝐺 =
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
                                                                                                           (1.3)  

 

𝐺 =  
(1−|Г𝐿|2)|𝑆22|2

(1−𝑆22|Г𝐿|2)(1−|Г𝐿|2)
                                                                                                (1.4) 

 

1.2.4.2 Noise Figure 

 

The basic definition of noise is everything except the desired signal. All the 

communication systems are sensitive to the noise. The signal to noise ratio 

(SNR) is used for measurement of the noise present in the system.  

 

The degradation of SNR by the circuit is indicated by the noise factor. Noise 

performance of the system is measured by noise figure. Noise Factor is the ratio 

of the signal to noise ratio of the input port to that of output port and is larger 

than 1 dB and is given by: 

 

                              𝐹 =  
𝑆𝑁𝑅𝑜𝑢𝑡

𝑆𝑁𝑅𝑖𝑛
                                                                                                (1.5) 

Noise factor expressed in dB unit is called noise figure and is given by: 

      𝑁𝐹 = 10log
𝑆𝑁𝑅𝑜𝑢𝑡

𝑆𝑁𝑅𝑖𝑛
                                                                          (1.6) 

For the single-stage amplifier, its noise figure is seen as follows: 

                              𝐹 =  𝐹𝑚𝑖𝑛 +  
4𝑟𝑛|Г𝑆−Г𝑜𝑝𝑡|

(1−|Г𝑆|2)|1+Г𝑜𝑝𝑡|
2                                                               (1.7) 

In the formula, Fmin is the minimum noise figure. Гopt, rn and Гs are the best 

source reflection coefficient, the equivalent noise resistance of the transistor 

and the input reflection coefficient of the transistor when Fmin is obtained. 

For multi-stage amplifier, the entire system noise is contributed by each stage. 

So, the total noise factor of the system is given by the Friis formula: 

                              𝑁𝐹 =  𝐹1 + 
𝐹2−1

𝐺𝐴1
+

𝐹3−1

𝐺𝐴2
+…                                                                   (1.8) 

  



 

6 
 

 where,  

Fn is the noise figure of the first n-amplifier and Gn is the gain of the first n-

amplifier. 

 

1.2.4.3 Linearity 

 

The highest value of signal that can accepted at the input of the system is 

defined as linearity of that system. LNA along with amplification of signal and 

good noise performance, should be linear even when the signal is strong. Hence, 

during designing of LNA, linearity is an important consideration. Several 

methods are used to find the linearity of the system. However, the most 

commonly used methods are: 

 

A. 1 dB Compression Point (P1dB) 

 

For a specified frequency range the linear amplifier have a fixed gain. The 

slope of the line in the output power vs input power plot is called gain. 

However, after some point the gain decreases as the input power is 

increasing continuously and the point at where the output power is not 

increased further when input power is increasing, the amplifier enters into 

compression i.e. becomes saturated. Hence, distortion occurs due to non-

linear response. The input signal is restricted to the point where 

compression begins to occur to avoid distortion. The value of the point is 

the input power where the gain is decreased by 1 dB from the normal linear 

gain or the output power where the 1 dB decreased gain drop occurs. 

 

 
                                     Fig 1.3 P1 dB (logarithmic scale) 
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B. Third Order Intercept Point (IP3) 

 

The amplified input produces harmonics when the amplifier becomes non-

linear. All the harmonics except the first or fundamental harmonic is present 

outside the bandwidth of the amplifier. Moreover, if the signal harmonics 

are close in the frequency then their sum and difference frequencies are also 

present in the bandwidth and are difficult to filter out. These frequencies are 

called intermodulation products. 

 

If the graph between output power and input power is plotted then a graph 

similar to 1 dB is obtained and is the first order plot. Third order product 

signal’s graph is also plotted in the same plot. The point at which gain 

flattens in both the graph is called compression point and if the linear region 

of both the graphs are extended then they meet at a point where third order 

signal to the first order signal. This point is called third order intercept point. 

It is called IIP3 if the third order point is read from input axis and is called 

OIP3 if the third order point is read from output axis.  

 

 
Fig 1.4 Third order intercept (logarithmic scale) 

 

1.4.3 Output matching network 

 

The output matching network is present to guarantee that the output impedance is 

50 Ω. 
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1.3 Low Noise Amplifier Basic Topologies 

 

The important goals in the designing of LNA are low NF, high gain, low power 

consumption, and 50 Ω input impedance. For achieving all these goals, different LNA 

architectures are available as follows: Common-Source (CS) stage with resistive 

termination, Common-Gate (CG) LNA, Common-Source with shunt feedback, Common-

Source with inductive source degeneration and Common-Source with cascode inductive 

source degeneration.   

1.5.1 Common Source with Resistive Termination 

 

For termination at the input port a resistor is used, to provide 50 Ω input impedance 

in the resistive termination CS amplifier. In order to realize input matching, a 

resistor of 50 Ω is connected in parallel to the input, leading to a high NF. This 

architecture is undesirable where good input matching as well as low noise is 

desired.  

     

 
                   Fig. 1.5 Common Source with Resistive Termination LNA [1] 

 

1.5.2 Common Gate 

 

The transconductance (gm) value should be fixed at 
1

𝑅𝑆
 for the input matching in the 

Common Gate LNA, therefore, the only design variable is RL. The input 

transistor’s transconductance of cannot be high due to the input matching. 

However, this topology is well known for wideband applications and also, the noise 

factor is quite reasonable and acceptable. 
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Fig 1.6 Common Gate LNA [1] 

 

1.5.3 Common Source with Shunt Feedback 

 

The Common Source stage with shunt feedback, as compared to the conventional 

Common Gate LNA, achieves lower noise figure and higher power dissipation.  

 
Fig. 1.7 Common Source with Shunt Feedback LNA [1] 

 

1.5.4 Common Source with Inductive Source Degeneration 

 

In Common Source with inductive source degeneration LNA, thermal noise is not 

generated like an ordinary resistor. So, the input matching requirement is achieved 

without introduction of the additional noise due to real resistor. Also, compared to 
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other architectures, this topology consumes less power, making it suitable for low 

power applications. However, this topology has disadvantages like low gain, low 

linearity and high noise figure. 

 

 
Fig. 1.8 Common Source with Inductive Source Degeneration LNA [1] 

 

1.5.5 Cascode Common Source with Inductive Source Degeneration 

The Common Source with cascode inductive source degeneration LNA has high 

reverse isolation and high stability. However, the inductors LS and LG have to be 

adjusted to keep the input impedance to 50 Ω as the generated noise power from 

the cascode stage increases when the width of the cascode stage increases.  

 

Fig. 1.9 Cascode Common Source with Inductive Source Degeneration LNA [1] 
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The various LNA topologies are compared in table 1.1 shown below. 

TABLE 1.1 COMPARISON OF BASIC LNA TOPOLOGIES 

Topology Advantages Disadvantages 

Resistive termination 

common source LNA 

Broadband amplifier. 

Good input matching. 

Addition of noise from the 

resistor. 

High noise figure. 

Common gate LNA Well known for wide band 

applications.  

Low power consumption. 

Weak noise performance. 

Common source with 

shunt feedback 

Broadband amplifier. 

Has good input and output 

characteristics. 

 

High power dissipation. 

 

Common source with 

inductive source 

degeneration 

Suitable for low power 

applications. 

Low gain, low linearity and 

high noise figure. 

Cascode Common source 

with inductive source  

degeneration 

High reverse isolation 

and high stability.  

The noise power generated 

from cascode stage increases 

when the width of cascode 

stage increases. 
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Chapter-2 

____________________________________________________ 

HISTORY 

Almost, 20 years ago, the most valuable device present to function as low noise amplifier at high 

frequency were only travelling wave tubes or vacuum tubes which were fabricated in various 

laboratories [2]. However, the noise temperature of travelling wave tube was around 3000K. Thus, 

making its amplification limited by noise in the circuit [3]. The tunnel diode was also used as low 

noise amplifier which provides amplification by using negative conductance effect but shot noise 

is present in the dc current that flows during the amplification operation and is major source of 

noise, contributing as the drawback of using tunnel diode for amplification [4]. The maser standing 

for microwave amplification by stimulated emission of radiation, having extremely low noise 

figure replaced vacuum tubes and tunnel diodes but unfortunately it had its own drawback of 

working at low temperature environment, resulting in use of costly and highly complicated 

equipment. Therefore, could be used only in sophisticated systems for specialized applications [5]. 

Parametric amplifier formed from semiconductor diode was also a low noise amplifier because is 

purely reactive ideally and hence, no noise is present. Low bandwidth is the shortcoming if a single 

diode is used so, to increase the bandwidth multiple pair of identical diodes are used. Requiring 

high quality identical diodes is the serious disadvantage of the above technique [6]. Large size and 

unable to fabricate the device on chip made the above discussed devices less favorable to be used 

for low noise amplification. So, transistors such as bipolar junction transistor (BJT) or field effect 

transistor (FET) were used as a low noise amplifier [7][8]. However, the tradeoffs between noise 

figure, gain, linearity and stability in both the above transistors were different. So, the design of 

low noise amplifier depends on the transistor technology which is incorporated such as if Gallium 

arsenide high-mobility electron transistor (GaAs HEMT) is used, excellent linearity and noise 

figure is obtained compared to Silicon Germanium Heterojunction bipolar transistor (SiGe HBT) 

but on the other hand, low power consumption, high gain and good noise figure is obtained by 

SiGeHBT. Since, the area on chip required by BJT and FET is large, CMOS technology are used 

being used. The complementary MOS (CMOS) transistor is used in low noise amplifiers because 

of its good characteristics. High immunity against noise and static power are two of the important 

characteristics of CMOS transistors. Moreover, CMOS technology are used to fabricate in-chip 

low noise amplifiers because of high level of integration [9]. The internal structure of CMOS 

contains a NMOS and PMOS transistor in series. So, the power is drawn by the series combination 

momentarily when there is switching between ON and OFF states, because one of the transistor in 

the series connection is always OFF. Hence, the heat produced by CMOS devices is less as 

compared to other logic families such as transistor transistor logic (TTL), NMOS, etc. 

Number of new devices capable of giving better performance substantially is present during these 

recent times. So, from the past 20 years and more, there are continuous and rapid development of 

low noise amplifiers due to discovery of new and advanced devices for fabrication of low noise 

amplifier. Moreover, the advancement in technique to reduce noise is also responsible for low 

noise amplifier development. Therefore, for implementation of low noise amplifier, CMOS is one 

of the competitive technology because of high level of integration, low cost and technology 

scaling. Furthermore, ultra-high level of integration (UHI) is achieved due to advancement in 

technology scaling. Currently, most of the low noise amplifier are designed using 0.18 µm or 0.13 

µm technology. 
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Chapter-3 

____________________________________________________ 

LITERATURE SURVEY 

Our knowledge in the field of low noise amplifier cannot be updated without studying the earlier 

work done by the researchers/scientists because the earlier concepts and techniques given are 

helpful to study and analyze present technology concepts and techniques as there is increasing and 

constant demand to make the devices smaller, portable, consuming less power and operating for 

large frequency band. A brief review of the earlier work done in the designing of low noise 

amplifier by simple current reuse technique, common source cacode amplifier topology, common 

sou5rce inductive degeneration amplifier topology, cross couple capacitor technique and, etc. in 

various CMOS technology (90 nm, 35 nm, 0.18 µm, 0.13 µm) for microwave frequency i.e. 

frequency ranging from 300 MHz unto 300 GHz is discussed in the following literature review.  

 

3.1 Narrowband LNA 

 
3.1.1 900 MHz  

This paper [10] proposes and designed first CMOS LNA that integrates input and 

output matching network for 900 MHz ISM Band. The LNA is formed by two stage 

amplifier, the first stage of which is a cascaded amplifier having inductor-capacitor 

resonator as load so as to improve gain and noise performance while the second 

stage is a CS amplifier having capacitor transformer and resistor as a load. 

Therefore, improved reverse isolation and simplifying the matching because of 

input and output decoupling are the advantages of using two stage amplifier. It also 

includes series inductive feedback, bias circuit and capacitive transformer. The 

LNA is designed on a chip of size 0.74x0.72 mm2 using 0.8 µm CMOS technology. 

A supply of 3 V is used for drawing current of 8.6 mA from first stage and 2 mA 

from second stage. Maximum power gain of 14.3 dB, minimum noise figure of 4.5 

dB and P1dB of +5 dBm is observed. 

 

A LNA for 900 MHz is designed using 0.5 µm CMOS technology. Current reuse 

technique is used to increase overall LNA gain. The LNA design approach utilizes 

two stage amplifier. The forward gain is achieved from stage 1 of the amplifier and 

unity buffer is achieved from stage 2. Also, each stage employs bias feedback 

amplifier to establish Q point for each stage by setting dc output voltage of each 

stage to bias reference. Output of first stage is directly coupled to input of second 

stage. A minimum noise figure of 1.9 dB, gain of 15.6 dB, IIP3 of -3.2 dB and 

power consumption of 20 mW is obtained when a supply of 2.7 V is given to LNA. 

Chip of size 0.7 mm x 0.4 mm is designed [11]. 

 

In the paper [12], broadband inductorless LNA design at 900 MHz is explored as 

LC tanks which are highly tuned and have high Q value are not used i.e. on chip 
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providing overdrive capabilities are not exploited. The LNA consists of three 

NMOS gain stages in cascode. Also, multistage topology is used by the LNA so 

that at low or zero intermediate frequency the circuit has critical reverse isolation. 

To reduce power consumption, current reuse technique is used and to improve 

linearity the last two LNA stages are degenerated. For the input stage, open loop 

structure is used to avoid noise generated by the feedback system and the output 

buffer is degenerated cascode amplifier. A 9 dB gain, 2.3-3.3 dB NF, >-41 dB S21 

and -4.7 dBm IIP3 has been observed by 900 MHz designed using 0.5 µm CMOS 

process while current of 3.4 mA is drawn from 3 V supply. A die area of 1.0 x 1.2 

mm2 has been used in total and the largest part occupied only by de-coupling 

capacitors while die are of 0.4x0.3 mm2 is occupied only by active core. 

 

A 900 MHz LNA is implemented in the paper [13] fabricated using three level 

metal 0.8 µm CMOS process and SOIC like package used for packing. Amplifier 

design topology is cascode topology having only single stage for improvement of 

linearity, 1 dB compression point and minimization of power dissipation and also 

uses inductive degeneration at the source. The cacsode stage is used to improve 

reverse isolation and eliminate Miller effect and source inductive degeneration is 

used to achieve input matching and noise matching simultaneously. Only one 

external inductor is required. The area occupied by the chip is 720x720 µm2. The 

LNA provides NF of 1.2 dB at 30 mW, 1.5-dB at 13.5 mW, and 2-dB at 6.3 mW. 

Also, a NF of less than 2 dB is provides at less than 10 mW power. Moreover, an 

IIP3's of -1 dBm is obtained at 30 mW and -3.8 dBm at 6.3 mW. A high S11, S22 is 

below -10 dB and S12 is more than 42 dB.   

 

A full integrated 900 MHz CMOS LNA has been fabricated with 0.35 µm minimum 

channel length. To provide wide dynamic range and low noise a single stage 

cascoded inductive degeneration configuration is used. Single stage is used in order 

to limit power consumption and improve reverse isolation of the LNA. Also, LC 

networks is used to achieve 50 Ω matching. The CMOS LNA of three different 

version is fabricated in [14] with the main transistor width (W) of 225µm, 450µm, 

and 675µm, are C225, C450, C675 respectively and is mounted of TQFP48 

package. C225 is measure on dedicated application board and packed components 

are soldered on the board while C675 is measured on test board and packaged chip 

is plugged in Johnstech socket. C450 is measured on dedicated application and test 

board. The best configuration is C450 having 16 dB NF at 12 mA and 1.5 dB NF 

at 20 mA, along with VSWRin less than or equal to 2.5. For good matching 

conditions i.e. for VSWRin less than or equal to 2, the NF≤1.75 dB, IIP3≤3 dBm 

and gain equal to 10 dB.  

 

A 900 MHz LNA using 0.35 µm CMOS process has been fabricated. A single stage 

cascode LNA configuration is used. Here, to reduce power consumption single 

stage is used and to reduce Miller effect and to improve reverse isolation cacscode 

configuration is used. Transistor of width (W) of 450 mm is used. The LNA is 

housed into TQFP48 package. A power gain of 14 dB, NF of 0.9 dB, S11 of -10 dB, 

S22 of -27 dB and IIP3 0f 0 dBm is obtained at 18 mW power while a NF of 1.05 
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dB is also obtained at 9 mW power along with power gain of 12 dB, S11 of -8.7 dB, 

IIP3 of -2 dBm [15]. 

 

The LNA working at 900 MHz and to be used as mobile CDMA receiver, that 

works on 824-894 MHz has been proposed and fabricated in the paper [16]. The 

LNA circuit uses the current reuse technique so as to achieve transconductance of 

that of device but by using less current.  The inductors in LC network that is used 

as the load and are tuned at operating frequency, has high quality factor. The quality 

of inductor is high if the substrate resistivity is higher. This, the performance of 

inductor depends on the doping of substrate. The LNA is implemented using 0.35 

µm CMOS process. The dimensions of the LNA are 1541 µm x 850 µm and the 

total area occupied is 1.31 mm2. A NF of 1.8 dB, gain of 15 dB, IP3 of -3 dBm and 

compression point of -11 dBm is obtained.  
 

                           TABLE 3.1 COMPARISON OF LNA AT 900 MHZ  

 [10] [11] [12] [13] [14] [15] [16] 

Technology 

(µm) 

0.8 0.5 0.5 0.8 0.35 0.35 0.35 

Supply (V) 3 2.7 3 - - - - 

S21 (dB) 14.3 15.6 9 - 10 14 

@18mW 

15 

NF (dB) 4.5 1.9 2.3-3.3 1.2 @ 

30mW 

≤1.75 0.9  

@ 

18mW 

1.8 

IIP3 (dBm) - -3.2 -4.7 -1 @ 

30mW 

≤3 0 

@18mW 

-3 

 

 

 

3.1.2 1 GHz 

 

Single ended two 1 GHz LNAs has been designed in the paper [17] with and 

without ac coupled inductor. Both the LNAs utilizes single stage cascode topology 

along with pull up resistive load without no chip inductor. However, the second 

LNA topology uses an additional ac coupled inductive load. Thus, forming 

inductive degeneration cascode topology.  The active inductor working in GHz is 

built from CMOS gyrator as it can form large value inductor (20-40 nH) on chip 

using an area less than used by on chip spiral inductor. However, has poor linearity 

compared to on chip spiral inductor. A 0.5 µm CMOS technology is used in 

designing of the LNA. The circuit uses 2 V supply. The active inductor LNA 

provides a gain of 12.2 dB, IIP3 of -21 dB and NF of 2-2.3 dB for long channel 

model and 2.7-3.1 dB for short channel model consuming a power 17 mW while 

the inductorless LNA provides a gain of 10.7 dB, IIP3 of -3.8 dBm and NF of 2-

2.2 dB for long channel model and 2.6-2.9 dB for short channel model consuming 

a power of 16 mW. The input return loss is -10 dB and reverse isolation is higher 
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than 45 dB for the both the LNA while the output matching is less than -10 dB for 

active inductor LNA. Therefore, out of both the LNA design, active inductor LNA 

is more selective and image reject filter requirements are relaxed with the help of 

series resonance.  

 

A 0.5 µm RF CMOS LNA using current reuse technology and CS inductive 

degeneration topology is proposed in [18]. The first stage of LNA has a PMOS and 

a NMOS, CS amplifier in cascode configuration followed by a CG stage. Another 

transistor in CS configuration is present before the cascode to set the dc bias of 

transistor in cascode stage while a transistor in CG configuration is present at the 

end as buffer stage to provide output matching of LNA. The on chip inductor i.e. 

the degenerated inductor have quality factor of 5 while the off chip inductors i.e. 

input and output inductors have quality factor of 50. The proposed LNA at 1GHz 

gives a S11 of -31.8 dB, S21 of 21.6 dB, S12 of 42 dB, S22 of 42.1 dB, NF of 2.7 dB 

and IIP3 of 18.8 dB. Also, a current of 20.3 mW is consumed from 2.2 V supply. 

 

A 1 GHz CMOS LNA which uses cascode configuration but in modified form is 

proposed in the [19]. Here, the LNA circuit uses a CS amplifier which is inductively 

degenerated in the first stage of LNA followed by CG amplifier, which forms a 

cascode configuration. A CS amplifier before stage 1 is used to bias the amplifier 

in first stage and a CG amplifier is used at the end as a buffer stage to achieve output 

matching. The inductor on chip is a degenerated inductor having quality factor of 

5 and the input and output inductors are off chip inductor having a quality factor of 

50. 0.5 µm CMOS technology is used to design the LNA circuit. An input reflection 

coefficient of -33.64 dB, forward gain of 18.6 dB, reverse isolation coefficient of -

45.5 dB, output reflection coefficient of -35.22 dB, NF of 1.62 dB and IIP3 of -23 

dBm is observed. A power of 12.5 mW is consumed from 1 V supply. 

 

TABLE 3.2 COMPARISON OF LNA AT 1 GHZ 

 [17] [18] [19] 

Technology (µm) 0.5 0.5 0.5 

Supply (V) 2 2.2 1 

 

 

S21 (dB) 

Active 

inductor 

Inductorless 21.6 18.6 

12.2 10.7 

NF (dB) 2-2.3 2-2.2 2.7 1.62 

IIP3 (dBm) -21 -3.8 18.8 -23 

 

 

3.1.3 1.5 GHz/GPS  

For GPS receiver a 1.5 GHz LNA is implemented in 0.6 µm CMOS technology by 

employing inductive source degeneration topology along with input tuning so that 

50 Ω narrow band input impedance is achieved, to convert the MOS device reactive 
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input impedance into real resistance. Although, dual-feedback and resistive 

termination could also have been used but each have its own drawback; of being 

used when loop gain requirement can be satisfied easily at low frequency and on 

the NF lower bound of 3dB is placed respectively. A gain of 22 dB, NF of 3.5 dB 

and IIP3 of -9.3 dB is obtained while from 1.5 V, a power of 30mW is consumed 

[20]. 

 

A 1.5 GHz LNA for GPS receiver, front-end applications has been designed with 

one poly and two metal layers only in 0.35 µm CMOS process. For better on chip 

rejection, a differential architecture is selected but consumes twice the power 

consumed by single ended architecture to achieve same noise figure. The 

architecture of LNA consists of two stage, the stage 1 is cascoded so that reverse 

isolation improves, stability is maintained as spiral inductor is used to tune stage 1 

output and the influence gate to drain overlap capacitance is reduced on input 

impedance i.e. Miller effect is mitigated. Moreover, by reusing the bias current of 

stage 2 in the stage 1, the power factor is decreased by a factor of two. So, a 

common mode feedback technique is used.  At the source of two transistors the 

inductive degeneration is employed so that output of the RF filter present before 

the LNA is properly matched to input impedance of LNA. Baluns are used to 

interface to single ended test instrumentation since, the circuit is differential. A total 

die area of 0.84 mm2 is used to fabricate a LNA and a mixer on a single chip. The 

gain of LNA is 17 dB, NF is 3.8 dB and IIP3 is -6 17 dBm and reverse gain is 52 

17 dB, while dissipating a power of 12mW and using 1.5 V supply [21].  

 

A 0.35 µm differential CMOS LNA has been fabricated for GPS application in 

[22]. Inductive degeneration topology in differential form is used at the input stage 

and LC network is used as load where the quality factor of the inductor is 7. 

Transistor in cascode also present between input stage and LC load to reduce Miller 

effect and increase reverse isolation. At the gate of the input stage transistor, the 

spiral inductor is integrated in series so that level of integration is increased. Since, 

the telecommunication signal is narrowband, narrowband RF signal processing is 

required. Here, the input stage is intrinsically narrowband because maximum power 

transfer occurs at carrier frequency because at carrier frequency only the source and 

input impedance match and, out of band signal components is filtered out and in 

band thermal noise is minimized because of LC feedback. The LNA has been 

realized by 5 metal layer while spiral inductor itself is realized by upper thicker 

metal layer. The simulated LNA has 26 dB gain, NF of 3.6 dB, IIP3of -3 dBm and 

current of  5 mA flows from 2.8 V supply.  

 

A two stage LNA has been designed using 0.6 µm CMOS for 1.57 GHz. The LNA 

is design consists of cascode configuration in first stage so that input resonant 

circuit and output resonant circuit are decoupled followed by source follower 

present in the second stage. A coupling capacitor is used to separate the two stages. 

Current mirror is used to bias the input transistor so that minimum noise is coupled 

between the biasing resistor and the signal path.  A separate circuit is used to bias 

the second stage. So, power consumption is less. The results observed for 1.8 V 
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power supply is that the circuit dissipates a power of 17 mW with a NF of 2 dB, 

gain of 19 dB, S11 of -30 dB, S22 of -32 dB, S12 of -57 dB and IIP3 of 10 dB. 

Moreover, in paper [23] noise rejection behavior of proposed design’s single ended 

and differential LNA has been studied and it is indicated that for the same gain 

differential LNA produces more noise compared to single ended LNA but is less 

prone to common mode noise. 

 

A LNA for GPS receiver has been designed using 0.25 µm CMOS process in [24]. 

The LNA circuit uses two stage differential structure, in the stage 1 two CS 

amplifier are present in cascode configuration to reduce Miller effect and to 

improve reverse isolation, and also degenerated inductor is employed at the source 

to achieve stable input impedance. Spice using level 49 CMOS parameter is used 

for simulation of LNA, giving a NF of -5.6 dB and gain of 22 dB. The LNA circuit 

dissipates a power of 35 mW and uses 3 V supply. The LNA layout is designed 

using Cadence and area of the layout is 0.27x0.33 mm2. 

 

A two stage LNA has been designed using 0.18 µm CMOS process in [25]. The 

first and second stage of the LNA consists of CS amplifier with inductively 

degenerated inductors at the source. The output of the first stage is provided at the 

gate of the amplifier in the second stage. Another CS configuration transistor is 

present before the first stage to bias the in the amplifier in the first stage. Inductors 

are used as load for the two stages. The circuit is simulated using Cadence Spectre 

RF and uses 1 V supply. A NF of 2.0 dB, gain of 28.7 dB and IIP3 of -16.0599 

dBm is obtained. 

 

A LNA based on noise optimization technique has been designed [26] for 1.5 GHz. 

The LNA circuit has single stage having two CS amplifier. Also having 1 nH bond 

wire inductor as the degenerated inductor at the source of the first amplifier. LC 

network is used at the load so that is optimized at the operating frequency. The 

circuit is designed using 0.13 µm CMOS process. The simulated LNA has input 

reflection coefficient of about -17 dB, gain of 12.9 dB and NF of 0.55 dB. A current 

of 1 mA is drawn from a supply of 1 V.  

 

A cascode CS inductive degeneration topology is used in designing of the LNA 

using 90 nm CMOS technology. The gate inductor and degenerated source inductor 

is used for input impedance matching as at the resonant frequency are acted like 

series resonant circuit. Another transistor is present in current mirror formation with 

the CS stage transistor in cascode configuration. The load of cascode architecture 

is LC circuit which is used to achieve output impedance matching. Cadence spectre 

RF is used for simulation of the LNA circuit. The input return loss, reverse 

isolation, power gain, NF and IIP3 are -9.9 dB, -35.68 dB, 30.942 dB, 0.533 dB 

and 2.9140 dB respectively. The circuit uses a supply of 1.5 V and dissipates a 

power of 8.7 mW [27]. 
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TABLE 3.3 COMPARISON OF LNA AT 1.5 GHZ 

 [20] [21] [22] [23] [24] [25] [26] [27] 

Technology 

(µm) 

0.6 0.35 0.35 0.6 0.25 0.18 0.13 90 nm 

Supply (V) 1.5 1.5 2.8 1.8 3 1 1 - 

S21 (dB) 22 17 26 19 22 28.7 12.9 30.942 

NF (dB) 3.5 3.8 3.6 2 -5.6 2 0.55 0.533 

IIP3 (dBm) -9.3 -6.17 -3 10 - -16.0599 - 2.9 

 
 

3.1.4 1.8 GHz/ Direct Conversion Radio Receiver 

 

A 1.8 GHz LNA for direct conversion radio receiver, that can drive a capacitive 

input mixer, has been designed in the paper [28]. In the front–end subsampling, 

aliasing problem is reduced by limiting LNA noise band with output resonator and 

integrated passive component’s extracted models is used for optimizing the 

resonator, including on chip coupling capacitor to overcome the problem of second 

order non-linarites in down conversion of direct conversion receiver. Also, to 

optimize system noise figure output resonator is used, by limiting input noise 

bandwidth of mixer. The LNA uses cascaded input and inductive degeneration 

topology. A high quality factor of 4 is used in designing of circuit, else small change 

in component value will increase the NF significantly. A 0.5 µm CMOS technology 

is used to design LNA. DC coupling which has low sensitivity to parasitic effect is 

realized with an on chip structure as is an essential function of direct conversion.  

A gain of 17 dB, S11 of -11 dB, IIP3 of +9 dBm and NF of 3.4 dB is obtained while 

consuming a power of 48mW from a 3 V supply. Therefore, a method to implement 

modern integrated receiver having CMOS LNA in GHz range using capacitor 

inputs instead of 50 Ω resistor matching is designed.  

 

A two stage LNA is designed in [29] which is based on LC resonance that uses 

spiral inductor on chip. The LNA uses differential structure so that even order 

distortion gets eliminated and also uses common mode inductive coupling because 

it is desired for direct conversion receivers. The common mode inductive coupling 

can be assumed as the extension of CS topology with a spiral inductors present on 

chip for applications in narrowband frequency and current source for biasing. The 

cascode structure is also used. The inductive load are used instead of resistive load 

and is of 7 nH having a quality factor of 4.5. Positive feedback circuit is also present 

to generate negative resistance which cancels out the series resistance present in the 

inductive load. A 0.8 µm with two poly and two metal CMOS process is used for 

designing of the LNA. The LNA exhibit a power gain of 18 dB, NF of 2.1 dB and 

IIP3 of -5 dBm wile dissipating a power of 48 mW from 3 V supply.   

A LNA working at 1.8 GHz, using double poly triple metal 0.35 µm CMOS 

technology is designed and is presented in [30]. The LNA circuit uses a two stage 
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cascaded configuration to provide good gain and isolation between input port and 

output port simultaneously. In the stage 1, CS inductive degeneration topology is 

used to match input impedance to 50 Ω followed by stage 2 which is a buffer stage 

present to match output to 50 Ω. The LNA layout occupies an area of 1025 x 1345 

µm2.  The S-parameter is measured using HP 8719ES network analyzer and a 

resultant S11 parameter value is -8.4 dB, S12 is -41.7 dB, S21 is 10.5 dB and S22 is -

6.6 dB. A NF of 4 dB and IIP3 of -2.4 dB is also observed. The circuit is operated 

using 2.5 V supply dissipates a power of 40 mW.  

 

A two stage architecture LNA circuit having input stage as the first stage uses CG 

amplifier so as to achieve lower NF and uses CS stage as the second stage so as to 

achieve high gain along with good reverse isolation is designed in [31]. A capacitor 

present for dc blocking and an inductor is present between CG and CS amplifiers 

to provide biasing network to CS amplifier and for matching AC power so as to 

achieve maximum power transfer. Therefore, the capacitor and the inductor act as 

interstage matching network. Spectre RF is used for the simulation of the LNA. The 

resultant input reflection coefficient value is -6.4 dB, output reflection coefficient 

is -31.8 dB, power gain is 17.4 dB, reverse isolation of -66 dB, NF is 1.07 dB and 

IIP3 is -9 dBm while OIP3 is 8.1 dBm. The LNA circuit is designed using 0.35 µm 

CMOS process and a power supply of 1.2 V. 

 
TABLE 3.4 COMPARISON OF LNA AT 1.8 GHZ 

 [28] [29] [30] [31] 

Technology (µm) 0.5 0.8 0.35 0.35 

Supply (V) 3 3 1.8 1.2 

S21 (dB) 17 18 10.5 17.4 

NF (dB) 3.4 2.1 4 1.07 

IIP3 (dBm) 9 -5 -2.4 -9 

 

 

3.1.5 1.9 GHz/GSM  

A spiral inductor of high quality has been employed in the paper [32] having 8.5-

12.5 quality factor along with optimized active device layout and bias condition. 

The LNA is a two-stage amplifier, CS with inductive source degeneration is present 

in the stage-1so as to match noise and power gain. For high linearity and gain, the 

second stage’s bias condition is chosen. A 0.8 µm CMOS technology LNA, 

fabricated on high resistivity Si substrate. Using on-wafer RF probes and HP8510C 

Network Analyzer measurements are carried out and a chip area of 0.93x0.93 mm2 

is occupied.  Linear simulator is used to simulate the LNA and ATN setup is used 

to measure noise parameters for 0.3-3 GHz, giving a NF of 2.8 dB at 1.9 GHz. Also, 

a gain of 15 dB, input reflection coefficient of -16.4 dB and output reflection 



 

21 
 

coefficient of -7 dB is observed at 1.9GHz, while consuming 15 mA from 3.6 V 

supply.   

 

A quantitative analysis of LNA in cascode configuration is done in [33] in 0.35 µm 

CMOS process. A single stage LNA having two transistor namely M1 and M2 is 

present in cascode. Degenerated inductor is present at the source of M1 and also 

input is applied to the gate of M1. The cascode structure is present to achieve input 

impedance matching and to avoid thermal noise. The noise performance of the LNA 

is dominated by the first MOSFET transistor i.e. M1 while the more linarites are 

contributed by second MOSFET transistor i.e. M2. So, using 0.35 µm CMOS 

process the M1 is designed such that it gives optimum noise performance and M2 

is designed to optimize linearity. The simulation of 1.9 GHz LNA is conducted in 

Agilent Advanced Design System (ADS) giving a minimum NF of 1.6 dB, gain of 

17.5 dB, OIP3 of 10.7 dBm using a supply of 1.5 V and dissipating a power of 9 

mW. Therefore, from both theoretical analysis and simulation results it is shown 

that the noise performance is dominated by the first MOSFET and more linaerites 

are contributed by second MOSFET for the LNA in cascode configuration. 

 

A 1.9 GHz LNA has been designed in [34] using 0.35 µm CMOS technology. In 

the two stage LNA design, the first stage is in cascode configuration and LC tank 

circuit is present as the load of the cascode architecture so as to tune to 1.9 GHz. 

Moreover, another inductor is present at the source of the first transistor. This stage 

is followed by an output stage consisting of one transistor, also having LC circuit 

as load. Also, a current mirror is formed with before the cascode stage with first 

transistor of cascode stage. Inductors are placed on chip if have value lesser than 

10 nH while are placed off chip if the inductor have value greater than 10 nH. For 

TSMC CMOS 0.35 µm, BSIM3 transisitor model is used. The circuit is simulated 

using HSPICE and Cadence giving a gain of 21 dB, NF of 1.4 dB at 1.9 GHz and 

OIP3 of -14dBm, input reflection coefficient of -35dBm and output reflection of -

32dBm. A supply of 1.5 V is used and power dissipated is 6.5 mW. A die of active 

area 5 10 µm x 250 µm is also formed. 

 
TABLE 3.5 COMPARISON OF LNA AT 1.9 GHZ 

 

 [32] [33] [34] 

Technology (µm) 0.8 0.35 0.35 

Supply (V) 3.6 1.5 1.5 

S21 (dB) 15 17.5 21 

NF (dB) 2.8 1.6 1.4 

OIP3 (dBm) - 10.7 -14  
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3.1.6 2 GHz 

A 2 GHz LNA has been designed using 0.6 µm CMOS process in [35]. The LNA 

circuit design is based on two stage cascode topology which is narrowband LC 

tuned. The first stage uses CS cascode inductive degeneration topology followed 

by CS configuration which has LC network as load because in wireless 

communications RF signals are narrowband usually. The cascode architecture is 

used to improve reverse isolation and also to provide forward gain. The circuit uses 

3.3 V supply.  A NF of 2.3 dB, gain of 18 dB, reverse isolation of -44.79 dB and 

IIP3 of -4.94 dBm is observed as the simulation results. Also, power of 33.94 mW 

is dissipated.  

A 0.35 µm CMOS LNA is designed in [36]. The LNA design is a two stage 

amplifier design, it uses conventional cascode topology. An inductor is present 

between the CS amplifier and CG amplifier in the cascode stage. So, inductor is 

used as the interstage matching network. The cascode stage is succeeded by a CS 

stage which along with resistors are used to bias the amplifiers in the cascode stage. 

The inductors used have quality factor around 5. The simulation of 2 GHz LNA 

using an interstage inductor is done in Agilent Advanced Design System (ADS). 

The simulated results are, NF of value 1.97 dB, gain of 13.7 dB. Dissipating a 

power of 7.5 mW from 1.5 V supply. 

 

A 2 GHz LNA designed using 0.18 µm CMOS process has been implemented in 

[37]. The LNA circuit has three parts, the first part uses CS inductively degenerated 

topology, the second part is realized using differential pair acting as a low pass filter 

and the last part is the biasing circuit formed by using pn junction of PMOS as it 

provides steady voltage because of the large width of the transistor. The circuit uses 

1 V supply and is implemented using 0.18 µm CMOS process. A LNA of size 175 

µm x 50 µm is obtained. Moreover, the simulated results shows that the input 

reflection coefficient is -25 dB, gain is 11 dB, NF is 1.8 dB and IIP3 is 0 dBm. 

 

A high linearity LNA circuit has been designed using 0.25 µm CMOS technology 

in [38]. The LNA circuit utilizes inductively degenerated topology in balanced 

differential mode. A superior noise performance is obtained from inductively 

degenerated topology because of signal swing and hence is used. However, because 

of the signal swing the linearity is degraded. Thus, the linearity improvement 

technique is required. For differential signals two balun transformers are used. The 

LNA circuit uses a supply voltage of 2.5 V. At 2 GHz a maximum gain obtained is 

15.2 dB, NF obtained is 2.8 dB and IIP3 obtained is 14.7 dBm and the maximum 

IIP3 of 16 dBm is obtained at 2.2 GHz. The size of the fabricated chip is 900 µm x 

900 µm. 
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TABLE 3.6 COMPARISON OF LNA AT 2 GHZ 

 

 

3.1.7 2.4 GHz/Wireless Sensor Network/Bluetooth 

A two stage 2.4 GHz LNA is presented in the paper [39][40]. The first stage has 

transistors in cascode configuration with resistor in parallel to capacitor as load. 

Here, resistor is present to set bias circuitry current to generate bias voltage at gate 

of first transistor in second stage; in second stage transistors are present in cascode 

having matching inductor between the stage such that the transistors in cascode are 

considered as different individual stage. So, the inter stage inductor is added 

between CS and CG stage. Inductor is added to increase the gain and decrease the 

noise of the system. The capacitor is used to provide AC ground at the gate of 

second transistor in second stage. A LNA using 0.5 µm CMOS technology is 

designed using a 3 V supply. A power gain of 19 dB, NF of 2.4 dB and input 

reflection coefficient of -10 dB is observed while drawing a current of 3mA. 

 

A 2.4 GHz two stage cascade topology LNA using 0.35 µm CMOS process has 

been proposed in the paper [41]. The LNA using cascade topology uses series inter-

stage resonance. So, it is a current sharing amplifier. Here, the two common source 

amplifiers are not cascaded directly but an inductor in series resonance with 

capacitor is present. The series resonance provides low impedance at the drain of 

the first transistor in the cascade stage so that common source stage of the first 

transistor does not experience Miller effect. A supply of 2 V is and a power gain of 

21 dB along with NF of 1.24 dB has been observed. A current of 2.5 mA is drawn 

by the circuit.  

 

Two CMOS LNA has been designed in the paper [42] one is single ended LNA 

while the other is differential LNA and fully integrated without off chip 

components. In the single ended LNA cascode topology is used and a degenerative 

inductor is also present at the source of the first amplifier in cascode architecture. 

Here, the input matching is obtained by the two inductor present at the gate of first 

amplifier present in cascode topology while the output matching is obtained by 

tuning of the load inductor and output capacitor. The simulation results of single 

ended LNA is input reflection coefficient of -17 dB, reverse isolation of -24 dB, 

gain of 15 dB, output reflection coefficient of -23 dB, NF of 2.2 dB. Also, a power 

dissipation of 4.8 mW is obtained from 3.3 V supply. In the differential LNA 

 [35] [36] [37] [38] 

Technology (µm) 0.6 0.35 0.18 0.25 

Supply (V) 3.3 1.5 1 2.5 

S21 (dB) 18 13.7 11 15.2 

NF (dB) 2.3 1.97 1.8 2.8 

IIP3 (dBm) -4.94 - 0 16 
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architecture, the single ended LNA architecture is present in differential form. The 

differential LNA architecture is studied because the single ended LNA architecture 

is sensitive to ground parasitic inductance while the differential LNA is not affected 

by the common mode interference. The simulation results of differential LNA is 

input reflection coefficient of -19 dB, reverse isolation of -35 dB, gain of 20 dB, 

output reflection coefficient of -21 dB, NF of 2.4 dB. A power of 7.2 mW is 

dissipated from 3.3 V supply. The layout is designed using 0.25 µm CMOS process 

and the layout area of single ended LNA is 2.05 mm x 1.28 mm while the layout 

area of differential LNA is 1.62 mm x 1.28 mm, which is smaller than the single 

ended LNA.  

 

The LNA designed using 0.35 µm CMOS uses the conventional cascode LNA 

topology with degenerated inductor in differential form [43]. Since, the mismatch 

occurs at CS and CG amplifier present in cascode topology the spiral inductor is 

present between the amplifiers in the cascode stage so as to improve the matching. 

At the output two source follower namely (M6 and M7) transistor along with a 

resistor form a current source and also, current mirror is formed by another 

transistor (M5) with M6.  The LNA circuit is simulated for 2.4GHz and using a 

supply of 2 V. A power gain of 19.9 dB, reverse isolation of -47.8 dB, NF of 2.5 

dB and IIP3 of 2 dBm is obtained with a power dissipation of 14.7 mW.  

 

A 2.4 GHz fully differential LNA is proposed in [44]. The LNA circuit core has a 

cascode design so as to remove the Miller effect and improve the reverse isolation. 

The linearity of the LNA is required such that if the user is close to the transmitter 

the linearity from minimum detectable signal to -12 dBm is achieved. However, the 

LNA is able to meet these specifications but the signals overdrive the subsequent 

stage. So, to overcome this problem the LNA in this paper is designed to have a 

low gain so that it could suppress input signals that have large level to desired level. 

Moreover, so that linearity is improved and current is reduced. A network of NMOS 

devices are used which acts as bypass switches along with cascode architecture to 

implement low gain stage and to avoid feedback that causes unstable condition. A 

0.25 µm CMOS process is used to design the LNA architecture. NF, gain, input 

return loss, output return loss, reverse isolation and IIP3 observed are 2.88 dB, 14.7 

dB, >7 dB, >10 dB, >25 dB and -1.5 dBm respectively for a high gain mode 

whereas for low gain or for bypass mode the NF, gain, input return loss, output 

return loss, reverse isolation and IIP3 observed are 14.2 dB, -14.2 dB, >9 dB, >10 

dB, 14.2 dB and 19 dBm. A current of 11.4 mA is consumed in high gain mode 

while no current is consumed in low gain mode.  

 

A conventional cascode LNA with degenerated inductor is used in the LNA circuit 

to be operated at 2.4 GHz [45][46]. The circuit also contains additional capacitor in 

parallel to the gate capacitor of the CS amplifier present in cascode topology so that 

low power is dissipated and noise performance is optimized. An additional 

interstage inductor is present between CS and CG stage so that matching is 

improved and also gain is increased. This circuit is implemented using TSMC 0.18 

µm CMOS process. 1.2 V power supply is used in the circuit and power dissipation 
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of 2.4 mW is observed. Also, S11 = -22.4 dB, S12 = -48.9 dB, S21 = 12.9 dB, S22 = -

21.6 dB and a NF of 0.76 dB is observed. 

 

A two stage LNA using 0.18 µm CMOS process has been designed in the paper 

[47]. The first stage is in CS inductively degenerated cascode configuration 

followed by second stage which is source follower. In the first stage the input 

transistor is the main noise contributor while the second transistor contributes to 

the linearity more than first transistor or input transistor. The circuit uses a supply 

of 1 V and dissipates a power of 13 mW. The S11 obtained is -16.8 dB, S12 obtained 

is -51.7 dB, S21 obtained is 23 dB, S22 obtained is -10.2 dB, NF obtained is 3.8 dB 

and IIP3obtained is -9.1 dBm.  

 

A LNA operated at 2.4 GHz, with improved matching has been proposed in the 

paper [48]. The LNA circuit utilizes conventional cascode topology with 

degenerated inductor at the input. Here, to improve the input matching a capacitor 

is placed at the gate of the first MOS device present in cascode topology. The circuit 

is implemented using 0.18 µm CMOS process. The value of the degenerated 

inductor is 0.17 nH if capacitor is not present i.e. the circuit is not improved while 

the value of inductor reduces to 0.5 nH is the circuit is improved. The gain and NF 

of the circuit with traditional input stage is 24 dB and 0.24 dB while of the modified 

circuit is 21 dB and 0.39 dB.  

 

A switched LNA used for Bluetooth applications i.e. at 2.4 GHz has been fabricated 

in [49] using 0.18 µm CMOS process. The switched LNA circuit has CS cascode 

inductively degenerated topology as the core and for attenuation and switching 

function has an additional circuitry. The switching logic and attenuation network 

are the main parts of the switched LNA. Large isolation is provided between input 

and output so that at all frequency unconditional stability is achieved because the 

LNA performance should not be influenced by the attenuation path when the circuit 

is operated in the gain mode. By using the inverter the LNA core is switched off in 

the attenuation mode. The bypass switch consists of two MOSFETS in the series 

combination having there gate controlled by the gate voltage. An area of 0.79 mm2 

is required by the device. A gain of 7 dB, NF of 3 dB and attenuation of -17 dB is 

obtained by the circuit using 1.8 V supply. Also, 7.6 mW power is consumed.  

 

A LNA is designed to be used at 2.4 GHz, using 0.18 µm CMOS technology in 

[50]. A cascode LNA structure have been used in the LNA design with first 

amplifier in the CS configuration and second amplifier in the CG configuration and 

LC network as the load used for tuning the output. The bias circuit consists of diode 

connected transistor and for the first transistor it generates the bias voltage.  The 

LNA circuit using 1.8 V supply is simulated in Winspice3. A voltage gain of 51 dB 

and NF of 1.65 dB and power dissipation of 3.15 mW is obtained. 

 

A low voltage LNA amplifier working at 2.4 GHz have been proposed and designed 

in the [51]. To reduce the voltage, folded cascode architecture is used. The CS stage 

and CG stage of the cascoded topology is folded into two paths. The RF traps are 
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also added in the circuit as at DC they act as short circuit and at operating frequency 

they act as open circuit. LC tank circuit is present at the drain of Cs stage and at the 

source of the CG stage so that they act as RF trap when they resonate at frequency 

of operation. Between the two paths a capacitor is added and is called as coupling 

capacitor as couples RF between the two stages. The LNA requires only 0.6 V 

supply and is designed using 0.18 µm CMOS technology. The input reflection 

coefficient is -43 dB, power gain is 13.8 dB, reverse isolation is -36.5, output 

reflection coefficient is -30.8, NF is 1.56 dB and IIP3 is -2 dBm. The chip size is 

1.1 mm x 1.1 mm. 

 

A fully integrated CMOS LNA working at 2.4 GHz is designed in [52]. So, that 

inductors values are fully integrated and input loss is minimum even if the on chip 

inductors are used that have low quality factor than off chip inductor. This is 

achieved by pi-matching the input. Active device sizing method and lossless 

feedback is also used to achieve low NF and 50 Ω impedance at the input. The LNA 

core uses cacsode topology with a degenerated inductor at source as the feedback. 

0.28 µm CMOS foundry design kit is used to design the LNA circuit. A NF of 3 

dB, a voltage gain of 31 dB and input reflection coefficient of -30 dB is obtained 

along with a power consumption of 10 mW when a supply of 2.5 V is used.  

 

CMOS LNA is designed using CS cascode configuration having a degenerated 

source inductor which along with the gate inductor which is used to control resonant 

frequency, is used to achieve input impedance matching. A biasing circuit uses 

another transistor forming a current mirror with CS amplifier stage in cascode 

structure for biasing the cascode stage. CS amplifier is used in output stage. A 3.3 

V of power supply is used in the circuit designed in 0.25 µm CMOS technology 

and a current of 5 mA is consumed. Hence, dissipating a power of 16.5 mW. An 

input reflection coefficient of -13.4 dB, output reflection coefficient of -18.3 dB, 

gain of 21.63 dB, NF of 1.8 dB and 1 dB compression point is obtained at -19 dBm 

for 2.4 GHz frequency. Layout of the circuit is formed using Cadence Virtuoso 

Editing tools and thus, an area of 0.8 mm x 0.6 mm is occupied by the chip [53].  

 

In the paper [54] a CG LNA circuit is designed which at input matching network 

adds additional degree of freedom and at low power consumption improves the NF. 

So, a differential CG LNA has been designed that uses gm technique. To increase 

the value of transconductance of the transistor, a capacitor in series with inductor 

is placed at the two differential input stage. Thus, producing series resonance to 

increase the gain of the LNA. The circuit is designed using 0.18 µm CMOS process 

and consumes a power of 0.98 mW from a supply of 1 V. The circuit requires a 

total chip size of 0.98 mm x 1.2 mm and gives a value of -11 dB for input reflection 

coefficient, 15.5 dB for gain, 5.2 dB for NF and -19 dBm for IIP3.  

 

A two stage LNA is designed using 0.13 µm CMOS process for 2.4 GHz frequency. 

The LNA consists of a core part and a buffer stage. A self-biased cell is present in 

the core LNA stage and a 3 bit DAC is used to control its supply voltage, varying 

from 0.4 V to 0.6 V. Also, between the two transistor’s gates a decoupling capacitor 
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is used to reduce the supply voltage further. The buffer stage is used to provide 

output impedance matching. A maximum gain of 15.7 dB and a minimum NF of 

4.6 dB is obtained at 0.6 V. IIP3 is -12.2 dBm for 0.4 V and -12.6 dBm for 0.5 V. 

The circuit consumes a power of 60 mW from 0.4 V supply and a chip area of 0.63 

mm2 is required for the circuit [55].  

 

A LNA is designed using 0.13 µm CMOS technology for wireless sensor network 

application. The designed LNA circuit is of two stage. The first stage consists of 

cascode topology with degenerated inductor at the source which provides matching 

of input impedance and high stability. The second stage consists of a CS amplifier 

which is used for increasing the gain of the system. The load of the first stage is 

RLC network which act as RF choke and hence, is used to select the output 

frequency. The load of second stage is an inductor. The supply voltage is 1.2 V. 

The circuit is simulated in Cadence Spectre RF giving value of input reflection 

coefficient, output reflection coefficient, gain, NF and IIP3 as -26.9 dB, -20.6 dB, 

23.6 dB, 5.6 dB and -1 dBm respectively. Chip area is 0.89 mm x 0.72 mm. Also, 

a power of 8.1 mW is consumed [56]. 

 

A CG LNA is designed using 0.18 µm CMOS process [57]. The proposed LNA 

consists of two NMOS CG stage transistor and two PMOS CG stage transistors. 

Two capacitors and large resistors forms CCC topology. PMOS transistors has 

resistors as load which provide amplified signal which is cross coupled to the gates 

of NMOS transistors forming gm boosting topology. The circuit requires 1.8 V 

power supply and consumes a power of 0.58 mW. It is observe that input reflection 

coefficient is less than -18 dB, gain is 14.7 dB, NF is 4.8 dB and IIP3 is 2 dBm. An 

area of 0.62 mm x 0.63 mm is required by the LNA.   

 

A CS cascode inductive degenerated topology using current reuse technique is 

proposed in [58]. The degenerated inductor along with input inductor is used to 

achieve input impedance matching. The CS amplifier’s output is cascaded to the 

CG amplifier so as to decrease Miller effect and thus are present in cacsode 

configuration. Output of CG amplifier goes to another CS amplifier’s gate through 

a capacitor and an inductor is also present between CG amplifier stage and another 

CS amplifier stage for current reuse. A 0.18 µm CMOS technology is used to design 

the LNA circuit. A supply of 1.8 V is used and 10.08 mW of power is consumed. 

The simulated results show that the input matching is less than -10 dB, gain is 26.5 

dB, NF is 3.8 dB and IIP3 is -10.3 dB for 2.4 GHz frequency.     

 

A CS inductive degeneration topology using complementary current reuse 

technique is used in designing of the LNA along with transformer coupled at both 

the input and the output. On the top of a PMOS amplifier a NMOS amplifier is 

placed symmetrically so that DC current is shared between them. Inductors are used 

as load to increase the operating frequency and also to bias NMOS output at supply 

voltage and PMOS output at the ground. Thus, removing feedback circuit which is 

used in traditional current reuse technique. A 90 nm CMOs technology is used in 

fabrication of the LNA and requires a chip size of 1.0 mm x 0.75 mm. 1.2 V power 
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supply is used in fabrication of the LNA and a power of 3 mW is consumed. The 

input and output reflection coefficient is less than -10 dB, gain is 13 dB, NF is 1.8 

dB and IIP3 is -8.9 dBm [59].   

 

The proposed LNA uses CS inductive degeneration topology for 2.4 GHz 

frequency. The LNA circuit uses transformer as the load. The circuit is designed 

using 0.18 µm technology. The simulated graph shows that the value of input 

reflection coefficient is -2.625 dB, reverse isolation is -57.166 dB, gain is 15.71 dB, 

output reflection coefficient is -47.36 dB, NF is 2.447 dB and IIP3 is -20 dBm. A 

power of 6.5 mW is consumed from a supply of 1.8 V [60].   

 
TABLE 3.7 COMPARISON OF LNA AT 2.4 GHZ  

 [39]/ 

[40] 

[41] [42] [43] [44] [45]/ 

[46] 

[47] [48] 

Technology 

(µm) 

0.5 0.35 0.25 0.35 0.25 0.18 0.18 0.18 

Supply (V) 3 2 3.3 2  1.2 1 - 

 

 

 

S21 (dB) 

19 21 20 19.9 High 

gain 

mode 

Low 

noise 

mode 

12.9 23 21 

14.7 -14.2 

NF (dB) 2.4 1.24 2.4 2.5 2.88 14.2 0.76 3.8 0.13 

IIP3 (dBm) - -  2 -1.5 19 - -9.1 - 

 

   

 

 

 

 

 [49] [50] [51] [52] [53] [54] [55] 

Technology 

(µm) 

0.18 0.18 0.18 0.28 0.25 0.18 0.13 

Supply (V) 1.8 1.8 0.6 2.5 3.3 1 0.4-0.6 

S21 (dB) 7 51 13.8 31 21.63 15.5 15.7 

@ 0.6 V 

NF (dB)   1.56 3 1.8 5.2 4.6 

@ 0.6 V 

IIP3 (dBm) 3 1.65 -2 - - -19 -12.2 

@ 0.4 V 
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3.1.8 5 GHz/Wireless LAN 

A 5 GHz LNA circuit is designed using 0.25 µm CMOS process in [61]. The LNA 

circuit utilizes differential design formed by pair of single stage cascode amplifiers. 

The amplifier in CS configuration in cascode topology has an inductor is that is 

used as degenerated inductor at source so as to increase linearity. At the gates of 

the CS amplifiers input signal is applied through inductor. This inductor along with 

degenerated source inductor forms input matching. Moreover, inductor is also used 

as load at the drain of CG amplifier present in cascode topology which along with 

output capacitors form output matching. The gates of CG amplifiers when 

connected to 3 V supply is used to bias the circuit. The LNA circuit area on chip is 

830 µm x 390 µm. A gain and NF is 16.6 dB and 2.38 dB respectively is obtained 

if power dissipation is 48 mW and, is 14.4 dB and 2.8 dB if power dissipation is 24 

mW. For a power dissipation as low as 12 mW power gain is 11.6 dB and NF is 3.5 

dB. The circuit also provides reverse isolation of -26 dB and IIP3 of -1.5 dBm.  

A 5 GHz LNA to be used in wireless LAN receiver has been fabricated in the paper 

[62] using 0.18 µm CMOS technology. The proposed LNA circuit consists of an 

amplification stage followed by an output buffer. The amplification stages utilizes 

cascode topology that uses two n-channel MOSFET, of which one of the NMOS is 

in CS stage while other NMOS is in CG stage. The input is applied at the gate of 

the CS stage and a source degenerated inductor formed by parallel combination of 

the three bond wires is connected at the source of the CS stage. The output buffer 

is used to convert amplified signal to differential. Also, a VGA cell is present in 

parallel to LNA input so as to adjust gain to increase the dynamic range. The 

simulated S21 parameter of LNA is 25 dB, NF is 1.5 dB and the amplification stage 

consumes a current of 6 mA from 1.5 V.  

A LNA using FDC has been designed for 5 GHz, using 0.25 µm CMOS technology 

in [63]. The original LNA circuit is same as conventional cascode LNA circuit with 

load as inductor. Two large resistive dividers are used as couplers for simplification 

of the circuit and noise minimization while unit gain CS amplifier having inductor 

 [56] [57] [58] [59] [60] 

Technology 

(µm) 

0.13 0.18 0.18 90 nm 0.18 

Supply (V) 1.2 1.8 1.8 1.2 1.8 

S21 (dB) 23.6 14.7 26.5 13 15.71 

NF (dB) 5.6 4.8 3.8 1.8 2.447 

IIP3 (dBm) -1 2 -10.3 -8.9 -20 
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as load is used as time delayers. So, for cancellation performance to be best the 

delay constant and coupler coefficient should be optimized.  Also, a multiplier is 

formed by two MOS namely M1 and M2. The output of the original LNA is coupled 

to M2 acting as source follower while the M1 is in saturation and coupled signal is 

fed into it. The simulation is carried out in Agilent ADS. A power gain of 17.4 dB, 

NF of 1.22 dB, reverse isolation of -32 dB, input reflection coefficient and output 

reflection coefficient both of -23 dB is provided by the whole LNA. Without 

degrading any noise and gain the IIP3 is boosted from 5 dBm to 21 dBm. 

A RF CMOS LNA performance at 5 GHz has been analyzed using 90 nm 

technology for designing. The LNA architecture uses a CS cascode topology with 

source degenerated inductor. The input signal is applied to the gate of CS amplifier 

in cascode topology through inductor and inductor is also used as load. A gain of 

13 dB along with NF of 2.7 dB is obtained by the circuit using 1.2 V power supply 

and consuming power of 9.7 mW [64].    

The LNA is proposed for 5 GHz frequency in [64] designed using 90 nm CMOS 

process. The proposed LNA design consists of a cascoded amplifier using gm 

enhanced technique which is followed by feedback transistor in source follower 

configuration. A capacitor is used to DC block the feedback resistor. Another 

source follower is used which form transconductance with the mixer. A 42 mW of 

power is consumed from 2.7 V power supply. The simulation results shows that the 

S11, gain, NF and IIP3 is -13 dB, 25 dB, 2 dB and -14 dBm respectively [65].  

A differential LNA having variable gain have been designed for WLAN 

application. The core of LNA circuit is cascoded CS inductive degenerated 

differential topology. Another set of transistors, known as cascoded transistor is 

cascoded with the input stage and forms CG stage. They are also implemented in 

differential pair and are present between input transconductor and the load giving 

rise to variable gain characteristic. The circuit is designed using 0.18 µm 

technology and 1.5 V supply. The simulation results of the circuit simulated in 

Cadence Spectre RF is -11.8 dB input reflection coefficient, -17.75 dB reverse 

isolation, 12.34 dB gain, 3.98 dB NF and -1.24 dBm IIP3 for high gain mode and 

have -25 dB input reflection coefficient, -23.9 dB reverse isolation, 6 dB gain, 4.25 

dB NF and 1.71 dBm IIP3 for low gain mode. LNA circuit requires an area of 1.3 

mm x 1.9 mm [66].  

In [67] LNA using ultra low voltage supply of 0.6 V is designed using 0.13 µm 

technology. The LNA utilizes CS amplifier along with darlington pair. Darlingtion 

pair is implemented using resistive degeneration as improves linearity and the 

noise. The gate source voltage of the common source stage is provided by the 

quiescent current of darlington pair transistor, flowing through the degenerated 

resistor. The circuit is simulated in spectre giving value of input reflection 

coefficient less than -10 dB, voltage gain of 25 dB, minimum NF of 1.8 dB and 

IIP3 of 10 dBm while consuming a power of 0.85 mW. 
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TABLE 3.8 COMPARISON OF LNA AT 5 GHZ 

 [61] [62] [63] [64] [65] [66] [67] 

Technology 

(µm) 

0.25 0.18 0.25 90 

nm 

90 

nm 

0.18 0.13 

Supply (V) - 1.5  1.2 2.7 1.5 0.6 

 

 

 

S21 (dB) 

16.6 25 17.4 13 25 High 

gain 

mode 

Low 

gain 

mode 

25 

12.34 6 

NF (dB) 2.38 1.5 1.22 2.7 2 3.98 4.25 1.8 

IIP3 (dBm) -1.5  21 - -14 -1.24 1.71 10 

 

3.1.9 5.2 GHz 

A 5.2 GHz LNA is implemented using interstage series technique in [68]. The LNA 

circuit consists of two stages, the stage 1 consists of a CS amplifier (M1) and a 

diode connected transistor (M4) which is used for voltage drop and to decrease the 

quality factor of the inductor so as to increase stability. The stage 2, uses the 

cascode architecture consisting of two transistor and a degenerated inductor to 

improve the linearity. The inductor used as load and output capacitor is used for 

output matching. An inductor is present between the two stages thus acting as 

interstage inductor. The circuit is designed using 0.18 µm CMOS technology and 

uses 2.7 V supply. A gain of 18.9 dB, NF of 1.7 dB and OIP3 of 12.9 dBm is 

obtained. Also, a power of 22.3 mW is consumed.   

A LNA having two stage which uses current reuse technology and interstage series 

resonance is designed in [69]. A CS amplifier and a cascode stage is used having 

an inductor between them. Another inductor is present as a load and uses capacitive 

interstage coupling having an inductor in series. The value of inductor and capacitor 

are adjusted for series resonance. The interstage series resonance technique is used 

as is less affected by substrate effect and high gain is provided along with less 

stability issues. The LNA circuit is designed using 0.35 µm CMOS process with a 

power supply of 3.3 V for 5.2 GHz. A power gain of 19.3 dB is observed along 

with NF of 2.45. Also, OIP3 of 13.2 dB is observed while consuming a current of 

8 mA. 

A 5.2 GHz LNA is designed and implemented using 0.25 µm technology [70]. A 

common source inductively degenerated topology is used. CS cascode transistor 

having inductor at the source of value 0.516 nH with quality factor of 10.5 is used 

so that the gate drain capacitance effect of CG transistor is reduced and also, 

interaction between tuned output and tuned input is reduced. Resistors are used to 
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form the bias circuit. The circuit is designed using ADS. The simulated value of 

S11, S12, S21, S22 and NF is -10.04 dB, -25.2 dB, 11.04 dB, -11.05 dB and 3.249 dB. 

 

TABLE 3.9 COMPARISON OF LNA AT 5.2 GHZ 

   

3.1.10 5.8 GHz 

A 5.8 GHz LNA that can control gain and frequency is designed in [71] using 0.18 

µm CMOS technology. The proposed circuit uses folded cascode configuration that 

uses NMOS and PMOS for reduction of supply voltage. Here, gate voltage of 

PMOS is controlled to attain gain control i.e. adjusting overall gain of the LNA 

without affecting its input noise and input matching which depends on NMOS. 

Moreover, varactor is added at resonant tank circuit for achieving the frequency 

tuning. S11, S21, S22, NF, power dissipation and gain tuning are -5.3 dB, 13.2 dB, -

10.3 dB, 2.5 dB, 22.2  mW and 12.8 dB respectively for a supply of 1V and are -

7.1 dB, 7 dB, -12.3 dB, 2.68 dB, 12.5 mW and 7 dB respectively for 0.7 V supply. 

The frequency tuning for both 1 V and 0.7 V supply is 360 MHz. Also, the total 

chip area is 0.9 mm x 0.8 mm including bonding pads.   

A two stage LNA circuit is designed in [72] using 0.35 µm 1P4M (one poly layer 

for gate and four metal layers for interconnection) CMOS technology. The first 

stage is a CS architecture with degenerated inductor at its source while the second 

stage is a CG architecture. The two stages have an inductor between them. The 

voltage is applied to the gate of CS amplifier through inductor. The value of input 

reflection coefficient is -11dB, gain is 7.2 dB, output reflection coefficient is -17dB, 

NF is 3.2 dB and IIP3 is 6.7 dB. The circuit uses 1.3 V and dissipates a power of 

20 mW. The area required for the circuit without on chip pads is 0.63 mm x 0.46 

mm.    

Cascode architecture is employed in designing of the LNA at 5.8 GHz. The cascode 

configuration uses two transistor along with degenerated inductor and the gate of 

these transistors are connected to gate of other transistors that are also in cascode. 

The circuit design uses 1.5 V power supply and is designed using 0.18 µm CMOS 

process. A chip of area 0.9 mm2 is used. When the power dissipation is 15 mW then 

the minimum NF is 1.5 dB and when the power dissipation is 8 mW then the 

 [68] [69] [70] 

Technology (µm) 0.18 0.35 0.25 

Supply (V) 2.7 3.3 - 

S21 (dB) 18.9 19.3 11.04 

NF (dB) 1.7 2.45 3.249 

OIP3 (dBm) 12.9 13.2 - 
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minimum NF is 1.8 dB. However, if power dissipation is 15 mW then the gain is 

28 dB if LNA is followed by super source follower buffer and is 14 dB if output is 

matched to 50 Ω impedance while if the power dissipation is 8 mW then the gain 

is 23 dB if LNA is followed by supreme source follower buffer and is 13 dB if 

output is matched to 50 Ω impedance [73].  

TABLE 3.10 COMPARISON OF LNA AT 5.8 GHZ 

 [71] [72] [73] 

Technology (µm) 0.18 0.35 0.18 

Supply (V) 0.7 1 1.3 1.5 

S21 (dB) 7 13.2 7.2 28 

NF (dB) 2.68 2.5 3.2 1.5 

 

3.1.11 24 GHz/ K Band 

 

A simple topology is chosen to design the LNA in 0.18 µm technology for 24GHz. 

The transistor uses three stages of common stage amplifier with inductive source 

degeneration. In the first stage of the circuit topology the transistor is scaled and 

the gate inductance is used for shifting of noise optimizing impedance to 50 Ω. 

Each stage output is loaded using high pass combination of inductor and capacitor 

so as to increase the gain and obtain parallel resonance. An input return loss of 11 

dB, output return loss of 22 dB, reverse isolation of -33.18 dB, gain of 12.78 dB, 

NF of 5.6 dB and IIP3 of 2.04 dBm is obtained. Also, a current of 30 mA is 

consumed from 1.8 V supply.  The chip size is 1.05 x 0.7 mm2 [74][75].  

Cascoded two stage CS architecture is used in designing of LNA using 0.18 µm 

technology and to be operated at 24 GHz [76]. Here, for the noise, the first stage is 

designed and for the gain, the second stage is designed. The CS amplifier has 

degenerated inductor which is connected to the source and series combination of 

inductor and capacitor is used as load. A high pass combination of inductor and 

capacitor is used to as the interstage network. The simulated design has input return 

loss of 18 dB, output return loss of 23 dB, gain of 13.1 dB, NF of 3.9 dB and IIP3 

of -12.3 dBm, a supply voltage of 1 V is used for operation consuming a power of 

14 mW. 0.57 x 0.6 mm2 is the chip area.     
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TABLE 3.11 COMPARISON OF LNA AT 24 GHZ 

 [74]/[75] [76] 

Technology (µm) 0.18 0.18 

Supply (V) 1.8 1 

S21 (dB) 12.78 13.1 

NF (dB) 5.6 3.9 

IIP3 (dBm) 2.04 -12.3 

 

3.2 Ultra-wideband LNA 

The ultra-wide band (UWB) has been approved in US by the Federal Communication 

Commission (FCC), ranging from 3.1-10.6 GHz, for use for commercial applications 

recently [77]. In the recent years, significant interest has been developed in Ultra-wideband 

(UWB) technology for wireless communication, since a wide frequency band spectrum, 

transmission of data at very low power, high data rate and low cost is provided by it provides 

[78]. So, majority of LNA topologies for UWB is defined for frequency ranging from 3.1-

10.6 GHz.  

The LNA for UWB has been designed in the paper [79] using 0.13 µm CMOS technology. 

The proposed LNA circuit is divided into two stages and three sub-circuits, the first stage is 

CG as its input impedance is 1/gm so as to achieve the input impedance at 50 Ω. The second 

stage is CS amplifier stage. A matching circuit is present between the first and the second. 

The gain is of value 14.73 dB, S11 is below -10 dB, NF is less than 4 dB.  

A two stage LNA based inverter is designed in [80] using 0.18 µm CMOS technology. The 

NMOS transistor reuses the current of PMOS transistor. Therefore, for NMOS additional 

driving current is not required. Pi-matching is used to achieve input impedance matching. 

The LNA circuit uses 1.8 V power supply and consumes a power of 18 mW. The input 

reflection coefficient value is less than -10.7 dB, gain is 13.7 dB, NF is 2.3 dB and IIP3 is -

0.2 dBm. The power dissipated is 18 mW. The chip area is 0.39 mm2. 

Two stage cascode LNA topology with degenerated inductor is designed using 0.18 µm 

process. Between the CS and CG device an inductor is present The CG amplifier uses a 

resistor for feedback and hence, is called current reuse topology. Three section band pass 

Chebyshev filter is used at input to achieve wideband input matching and flat gain. The 

simulated results are 20 dB maximum gain, -28 dB input return loss, -25 dB reverse 

isolation, -9.7 dB output return loss, NF ranging from 2.89 to 6.5 dB and IIP3 of 10 dBm. 

The power consumed is 12 mW from 1.8 V supply [81]. 

A LNA to be operated from 3.1 GHz to 10.6 GHz is designed using 0.18 µm process. The 

first stage consists of a CS transistor and CG transistor in cascode configuration having a 

degenerated inductor and an inductor between the two amplifier stages. Also, shunt 



 

35 
 

feedback topology is used in the first stage. It is followed by two transistor in cascode of 

which one transistor is used as current source to bias the other transistor. The circuit is 

simulated in Agilent ADS. Gain of 19.982 dB, NF of 1.27 dB, input reflection coefficient 

of -31.670 dB, output return loss of -7.449 dB is obtained [82].  

A noise cancelling LNA is designed in [83]. The LNA designed has two stage where the 

first stage or the input stage uses a current reuse circuit to save power and noise cancelling 

topology is utilized in the second stage of the LNA. The CMOS LNA is designed using 

TSMC 0.18 µm process and is simulated using Agilent ADS tool. The input and output 

return loss is less than -10 dB, gain is 15.33 dB, NF is 2.65 dB and IIP3 is -5.5 dB. The 

LNA circuit using a voltage of 1.3 V and dissipates a power of 9.1 mW.  

A CS amplifier using inductor for degeneration at source is present at the first stage of the 

LNA and at the second stage a CS amplifier is present. At the gate of the two amplifier two 

series peaking inductor is used. Resistive shunt shunt feedback is applied to the first stage. 

A supply of 0.8 V is used in the circuit and a current of 11 mA is consumed. The gain of 

13.1 dB, reverse isolation of -25 dB, input return loss of less than -10 dB and NF of 3.25 dB 

is achieved. The circuit uses a chip area of 0.6 mm x 0.75 mm [84]. 

A 90 nm CMOS low noise amplifier is designed in paper [85]. An inductively degenerated 

inverter cell is used as the first stage of the low noise amplifier design to operate over large 

bandwidth having high pass filter at the input to obtain low value of input reflection 

coefficient and desired low cutoff characteristics. The self-biased resistive shunt shunt 

feedback amplifier is present is second stage to decrease the consumption of power. The 

self forward bias technique is used to bias the first stage to achieve low power consumption 

goal. The simulated results shows that the input reflection coefficient is less than -10 dB, 

gain is 13.9 dB, NF is 1.35 dB and IIP3 is -3 dBm. A power of 13.5 mW is consumed from 

0.9 power supply.   

TABLE 3.12 COMPARISON OF LNA FOR 3.1-10.6 GHZ 

 [79] [80] [81] [82] [83] [84] [85] 

Technology 

(µm) 

0.13 0.18 0.18 0.18 0.18 0.18 90 nm 

Supply (V)  1.8   1.3 0.8 0.9 

S21 (dB) 14.73 13.7 20 19.982 15.33 13.1 13.9±1.42 

NF (dB) 4 2.3 2.89-

6.5 

1.27 2.65 3.25 1.35 

IIP3 (dBm) - -0.2 10 - -5.5 - -3 
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Chapter-4 

____________________________________________________ 

EXPERIMENTAL WORK 

4.1  Cascode Common Source LNA topology with FDC 

 
4.1.1 Circuit Design 

 

Fig 4.1 Proposed Cascode Common Source CMOS LNA with FDC 

 

The M1 transistor is used as common source (CS) stage; cascode structure is formed 

by M1 and M2. Gate of M3 and drain of M1 are connected and M3 transistor’s 

output is given to base of M2; for boosting the gain by increasing the drain 

resistance of M2. M3 and R1 form another CS amplifier. To improve input third 

order intercept point (IIP3), M4 transistor is used in common gate (CG) mode as an 

auxiliary transistor. C8 and L2 are used as load and C1, C2, and L1 are forming pi 

-matching network. 
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The input capacitance is increased and because of Miller effect, the input and output 

terminals capacitance is amplified in the input stage of CS, hence reducing the gain. 

A CG transistor (M2) is inserted at the output of M1 as a current buffer, forming a 

cascode, to outdo this problem. This cascode configuration also increases the 

bandwidth of LNA. In the feed forward path, M4 acts as an auxiliary amplifier and 

nonlinear current is generated, and at the drain of M2, subtracts the current of M2. 

Therefore this is a single-ended LNA. At the drain of M2, main amplifier (M1, M2) 

and auxiliary amplifier (M4) currents are added in 180º. So, at the output, currents 

of the auxiliary amplifier and the main amplifier subtract from each other. Although 

the linearity is improved, but the gain is decreased. Hence, M3 is used to boost the 

gain. 

 

 
                            Fig. 4.2 Schematic of Proposed Cascode Common Source CMOS LNA with FDC in ADS 
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4.1.2 Simulation and results 

      

Simulations of the LNA for 0.13 um CMOS process were performed using ADS. 

The low noise amplifier provides a gain (S21) of 10.976 dB as shown in figure 4.5. 

The input reflection coefficient (S11) is -5.562 dB as shown in figure 4.3 and the 

output reflection coefficient (S22) is -8.707 dB as shown in figure 4.6. The circuit 

operation requires 1.2 V power supply. The value of reverse isolation (S12) as 

shown in figure 4.4 is -22.063 dB and a minimum noise figure of 10.26 dB is 

obtained as shown in figure 4.7. The simulated IIP3 result is shown in figure 4.8 

and IIP3 of 17.0 dBm is obtained. From the result, it can be concluded that very 

high gain and moderate linearity have been achieved.  

 

 

 

Fig. 4.3 Input return loss (S11) 
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               Fig. 1.4 Reverse Isolation (S12) 

 

 

                                                                                 Fig. 4.2. Forward gain (S22) 
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              Fig. 4.3. Output reflection coefficient (S22) 

 

 

           Fig. 4.4 Noise figure 
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                    Fig. 4.5. IIP3 
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4.2  Cascode Common Source Inductive Degenerated LNA topology  

 
4.2.1 Circuit Design 

 

                         Fig. 4.9 Proposed Cascode Common Source Inductively-Degenerated CMOS LNA 

 

A current mirror circuit is formed by M3 and R1. The input signal is enforced into 

the input of LNA because the signal path is isolated from the biasing circuit by M1. 

If the value of R2 is not greater than the input impedance of the stage before it, then 

the R2 value is critical. M3 is the biasing transistor in the circuit which forms 

current mirror with M1. To avoid heavy current consumption, the W/L ratio of M3 

should not be large. 
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                                 Fig. 4.10. Schematic of proposed Cascode Common Source Inductively degenerated LNA in ADS 

 

4.2.2 Simulation and Results 

Simulations of the LNA for 0.13 um CMOS process were performed using ADS. 

The low noise amplifier provides a gain (S21) of 24.227 dB as shown in figure 4.13. 

To make the input matching impedance (Zin) equal to 50 Ω, Cgs and gm are selected 

properly. The input reflection coefficient (S11) is -7.375 dB as shown in figure 4.11 

and the output reflection coefficient (S22) is -0.28 dB as shown in figure 4.14. The 

circuit operation requires 1.2 V power supply. The value of reverse isolation (S12) 

as shown in figure 4.12 is -41.478 dB and a minimum noise figure of 2.109 dB is 

obtained as shown in figure 4.15. The simulated IIP3 result is shown in figure 4.16 

and IIP3 of 4 dBm is obtained. From the result, it can be concluded that very high 

gain and moderate linearity have been achieved.  
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Fig. 4.11 Input Reflection Coefficient (S11) 

 

 

 

 

 

 

 
             Fig. 4.12 Reverse Isolation (S12) 
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                                                                          Fig. 4.13 Forward Gain (S21) 

 

 

 

 

 
                                                                Fig. 4.14 Output Reflection Coefficient (S22) 
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           Fig. 4.15 Noise Figure (NF) 

 

 

 

 

 
                 Fig. 4.16. IIP3 
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4.3  Cascode Common Source inductive degenerated LNA topology with                               

FDC 

 
4.2.3 Circuit Design 

 
                               Fig. 4.17 Proposed Cascode Common Source Inductively-Degenerated CMOS LNA with FDC 

 

Figure 4.19 presents the proposed LNA having basic cascode structure comprising 

of M2 and M3. However, due to capacitance amplification between the input and 

output terminals, the equivalent input capacitance of an inverting voltage amplifier 

increases. The main reason for the low gain is Miller effect. A common gate 

transistor (M2) is used as a current buffer at the output of M3 to overcome this 

problem. Further, R4 and L4 serve as cascode stage (M2-M3) load. The feed-

forward distortion cancellation is provided by transistor M4 and capacitor C4, to 

improve linearity. To maintain DC voltage at the drain of M2, C4 is used. So, 

basically C4 is a blocking capacitor. Pi-matching network is used to obtain input 

impedance matching while R5, L5 and C6 are used to obtain output matching. The 

M5 transistor is a common source stage which along with the load facilitates output 

matching and also increases the gain of the LNA. R5-L5 serve as the load M5. The 

schematic of the proposed circuit in ADS is shown in figure 4.20. 
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                         Fig. 4.18 Schematic of proposed Cascode Common Source Inductively Degenerated LNA with                                                           

FDC in ADS 

 

4.2.4 Simulation and Results 

Simulations of the LNA for 0.13 um CMOS process were performed using ADS. 

The low noise amplifier provides a gain (S21) of 23.023 dB as shown in figure 4.21. 

The input reflection coefficient (S11) is -9.403 dB as shown in figure 4.19 and the 

output reflection coefficient (S22) is -4.730 dB as shown in figure 4.22. The circuit 

operation requires 1.2 V power supply. The value of reverse isolation (S12) as 

shown in figure 4.20 is –21.732 dB and a minimum noise figure of 0.988 dB is 

obtained as shown in figure 4.23. The simulated IIP3 result is shown in figure 4.24, 

and IIP3 of 14 dBm is obtained. From the result, it can be concluded that very high 

gain and a high linearity with low noise figure have been achieved.  
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        Fig. 4.19 Input Reflection Coefficient (S11) 

 

 

 
            Fig. 4.20 Reverse Isolation (S12) 
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                                           Fig. 4.21 Forward Gain (S21) 

 

 

 
                               Fig. 4.22 Output Reflection Coefficient (S22) 
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                                             Fig. 4.23 Noise Figure (NF) 

 

 

 
                                                               Fig. 4.24 IIP3 
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4.4  Common Source Shunt Resistive Feedback LNA topology 

 
4.2.5 Circuit Design 

 

 

           Fig. 4.25 Proposed Common Source Shunt Resistive Feedback CMOS LNA 

 

This is a very simple low noise amplifier topology making it suitable for low cost 

LNA applications (ideally). The first stage consists of two transistors, one is a 

common source stage and other is a common gate stage. The two transistors are 

connected in cascode configuration. Although, the gain of the common source stage 

is not large in cascaded configuration, but its benefit is that it has negligible Miller 

effect on M1 transistor. Here, R1 is used as the feedback resistor and C3 is used as 

the blocking capacitor. The feedback resistor is placed in shunt to achieve 

broadband matching of input and also to get negative feedback so as to improve 

stability factor,that provides unconditional stability of the amplifier and reduces the 

gain sensitivity. L4 and C4 serve as cascode stage loading elements, formed by the 

inductor in parallel with a capacitor. The second stage is a source follower stage 

which is used to extend the bandwidth further and to achieve high gain. This stage 

also provides matching of the output impedance. L1, C1 and C2 form pi – matching 
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network which is used at input to improve linearity of the circuit and to achieve 

input impedance matching. 

 
             

 
 Fig. 4.26 Schematic of proposed Common Source Shunt Resistive Feedback CMOS LNA in ADS 

 

4.2.6 Simulation and Results 

Simulations of the proposed LNA for 0.13 um CMOS process were performed 

using ADS. The low noise amplifier provides a gain (S21) of 15.417 dB as shown 

in figure 4.29. The input reflection coefficient (S11) is -9.170 dB as shown in figure 

4.27 and the output reflection coefficient (S22) is -6.024 dB as shown in figure 4.30. 

The circuit operation requires 1.2 V power supply. The value of reverse isolation 

(S12) as shown in figure 4.28 is –18.909 dB and a minimum noise figure of 1.182 

dB is obtained as shown in figure 4.31. The simulated IIP3 result is shown in figure 

4.32, and IIP3 of 8 dBm is obtained. From the result, it can be concluded that very 

high gain and a high linearity with low noise figure have been achieved. 
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                                         Fig. 4.27 Input return loss (S11) 

 

 

 
                                          Fig. 4.28 Reverse Isolation (S12) 
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                                           Fig. 4.29 Forward Gain (S21) 

 

 

 
                              Fig. 4.30 Output Reflection Coefficient (S22)  

 

 



 

56 
 

 

 

 

                                        Fig. 4.31 Noise Figure (NF) 

 

 

 
                                                       Fig. 4.32 IIP3 
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4.5  Common Gate LNA topology 

 

4.2.7 Circuit Design 

 

 

                                          Fig. 4.33 Proposed Common Gate CMOS LNA  

 

The proposed LNA consists of common gate and common source stages, of which 

at the first stage, for the input matching, the common gate topology is adopted. 

Parallel resonance is present instead of series resonance for the input matching of 

common gate amplifier. 

 

                                        𝑄𝐶𝐺 = 𝜔𝑜
𝐶𝑔𝑠

𝑔𝑚
                                                                                          (4.1) 

where,  

                                  𝜔0 =
1

𝐿𝑠𝐶𝑔𝑠
                                                                                                (4.2) 

 

However, the power gain of common gate amplifier is lower than common source 

amplifier. So, a common source amplifier is used in second stage of our circuit to 

compensate for the power gain. To ensure that the circuit is optimized, the LC tank 
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circuit is matched for the center frequency.  To block RF current leakage to ground, 

inductor L2 is used. As compared to common source amplifier, the value of L2 for 

common gate amplifier is higher. C1, L1 and C2 form pi-matching network at input 

and C5 is the DC blocking capacitor. 

 

 

 
                       Fig 4.34 Schematic of proposed Common Gate CMOS LNA in ADS 

 

4.2.8 Simulation and Results 

Simulations of the proposed LNA for 0.13 um CMOS process were performed 

using ADS. The low noise amplifier provides a gain (S21) of 7.526 dB as shown in 

figure 4.37. The input reflection coefficient (S11) is -26.894 dB as shown in figure 

4.35 and the output reflection coefficient (S22) is -12.246 dB as shown in figure 

4.38. The circuit operation requires 1.2 V power supply. The value of reverse 

isolation (S12), as shown in figure 4.36, is –18.604 dB and a minimum noise figure 

of 3.513 dB is obtained as shown in figure 4.39. The simulated IIP3 result is shown 

in figure 4.40, and IIP3 of 12 dBm is obtained. From the result, it can be concluded 

that high linearity and good input matching have been achieved. 
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                                           Fig. 4.35 Input Reflection Coefficient (S11) 

 

 

 

                                                  Fig. 4.36 Reverse Isolation (S12) 
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                                                    Fig. 4.37 Forward Gain (S21) 

 

 

 
                                     Fig. 4.38 Output Reflection Coefficient (S22)  
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                                              Fig. 4.39 Noise Figure (NF) 

  

 

 

                                                                Fig. 4.40 IIP3 
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Chapter-5 

____________________________________________________ 

RESULT AND CONCLUSION 

In this thesis, the designs are implemented in ADS using 0.13μm RF CMOS technology for 2.4 

GHz frequency. All the designs operate with the 1.2 V supply voltage. These LNAs give high gain, 

low noise figure with proper input and output matching. These LNAs can be used in applications 

where high gain, high linearity and low noise figure are needed.  

TABLE 5.1   COMPARISON OF EXPERIMENTAL WORK 

         TOPOLOGIES                        

 

PARAMETER 

CS Cascode with 

FDC 

CS Inductive 

Degeneration 

LNA  

[86] 

CS Inductive 

Degeneration 

LNA with 

FDC 

 

CS Shunt 

Resistive 

Feedback LNA 

CG LNA 

 

 

S11 (dB) -5.562 -7.375 -9.408 -9.170 -26.894 

S12 (dB) -22.06 -41.47 -21.732 -18.909 -18.604 

S21  (dB) 10.976 24.227 23.032 15.417 7.526 

S22 (dB) -8.707 -0.28 -4.730 -6.204 -12.264 

NF (dB) 10.26 2.109 0.988 1.182 3.513 

IIP3 (dBm) 17.0 4.0 14.0 8.0 12.0 

 

From table 5.1, it can be concluded that highest gain is obtained from common source inductive 

degenerated LNA while common source inductively degenerated LNA with FDC provides the 

lowest noise figure. Highest linearity is achieved by common source cascode LNA with FDC; and 

for highest input impedance matching, common gate LNA should be preferred. 

 

Overall performance of the common source inductively degenerated LNA with FDC is good as it 

has a high gain of 23.032 dB, high linearity of 14 dBm, low noise figure of 0.988 dB and good input 

impedance matching ≈ 10 dB. Therefore, it can be concluded that inductively degenerated LNA 

with FDC is the best LNA topology as compared to others, for IEEE 802.15.4 Zigbee standard i.e. 

at 2.4 GHz. 
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Chapter-6 

____________________________________________________ 

FUTURE DIRECTIONS 

In the future, this work can be further optimized by using multiple low noise amplifiers that have 

their degenerated inductors shared with each other in common source inductively degenerated low 

noise amplifier so that the area is reduced and the circuit is also operated for multiple standards 

and frequency. Moreover, a differential pair topology of all the above discussed topology can be 

used to further improve the performance and their results can be observed. Instead of resistor, 

inductor or can be used in common source shunt feedback topology. Also, various other topologies 

can be explored such as shunt series feedback, shunt-shunt feedback and series-series feedback 

topologies. Feedforward techniques, current-reuse techniques and forward body bias techniques 

can be used along with the topologies discussed in thesis for increasing the performance of the low 

noise amplifier. The topologies discussed in the thesis can be used for different frequencies, more 

than one frequencies and also for a wide frequency bands but with modifications which could be 

the next step.  

 

 

  



 

64 
 

Bibliography 

 
1. Behzad Razavi, “RF Microelectronics” 2nd Ed Prentice Hall 2011. 
2. G. Wade, "Low-Noise Amplifiers for Centimeter and Shorter Wavelengths," in Proceedings of the 

IRE, vol. 49, no. 5, pp. 880-891, May 1961. 

3. J. B. Johnson and F. B. Llewellyn, "Limits to amplification," in Proceedings of Electrical 

Engineering, vol. 53, no. 11, pp. 1449-1454, Nov. 1934. 

4. L. Armstrong, "Tunnel diodes for low noise amplification," in Proceedings of International 

Electron Devices Meeting, 1961, pp. 62-62. 

5. H. E. D. Scovil, "Solid State Masers as Low Noise Amplifiers," in Proceedings of PGMTT National 

Symposium Digest, Washington, DC, USA, 1961, pp. 41-42. 

6. R. Hearn, R. J. Bennett and B. A. Wind, "Some types of low noise amplifier," in Radio Engineers, 

Journal of the British Institution, vol. 22, no. 5, pp. 393-403, November 1961. 

7. C. K. Battye and R. E. George, "Transistors as low-noise amplifiers," in Proceedings of the IEE - 

Part B: Electronic and Communication Engineering, vol. 106, no. 18, pp. 1190-1193, May 1959. 

8. P. Lauritzen and O. Leistiko, "Field-effect transistors as low-noise amplifiers," in Proceedings of 

IEEE International Solid-State Circuits Conference, Digest of Technical Papers, Philadelphia, PA, 

USA, 1962, pp. 62-63. 

9. H. Milosiu et al., "A 3-µW 868-MHz wake-up receiver with −83 dBm sensitivity and scalable data 

rate," in Proceedings of the ESSCIRC (ESSCIRC), Bucharest, 2013, pp. 387-390. 

10. Y. C. Ho, M. Biyani, J. Colvin, C. Smithhisler and K. O, "3 V low noise amplifier implemented 

using a 0.8 μm CMOS process with three metal layers for 900 MHz operation," in Electronics 

Letters, vol. 32, no. 13, pp. 1191-1193, 20 Jun 1996. 

11. A. N. Karanicolas, "A 2.7-V 900-MHz CMOS LNA and mixer," in IEEE Journal of Solid-State 

Circuits, vol. 31, no. 12, pp. 1939-1944, Dec 1996. 

12. J. Janssens, J. Crols and M. Steyaert, "A 10 mW inductorless, broadband CMOS low noise 

amplifier for 900 MHz wireless communications," in Proceedings of the IEEE 1998 Custom 

Integrated Circuits Conference (Cat. No.98CH36143), Santa Clara, CA, 1998, pp. 75-78. 

13. B. A. Floyd, J. Mehta, C. Gamero and K. O. Kenneth, "A 900-MHz, 0.8-μm CMOS low noise 

amplifier with 1.2-dB noise figure," in Proceedings of the IEEE 1999 Custom Integrated Circuits 

Conference (Cat. No.99CH36327), San Diego, CA, 1999, pp. 661-664. 

14. G. Gramegna, A. Magazzu, C. Sclafani and M. Paparo, "Ultra-wide dynamic range 1.75 dB noise-

figure, 900 MHz CMOS LNA," in Proceedings of IEEE International Solid-State Circuits 

Conference. Digest of Technical Papers (Cat. No.00CH37056), San Francisco, CA, USA, 2000, 

pp. 380-381. 

15. G. Gramegna, A. Magazzo, C. Sclafani, M. Paparo and P. Erratico, "A 9mW, 900-MHz CMOS 

LNA with 1.05dB-noise-figure,"in Proceedings of the 26th European Solid-State Circuits 

Conference, Stockholm, Sweden, 2000, pp. 73-76. 

16. J. A. P. Azevedo and T. C. Pimenta, "Design of a low noise amplifier for CDMA transceivers at 

900 MHz in CMOS 0.35 μm,"in Proceedings of 16th Symposium on Integrated Circuits and 

Systems Design (SBCCI), 2003, pp. 9-13. 

17. K. Sharaf, "2-V, 1-GHz CMOS inductorless LNAs with 2-3dB NF," in Proceedings of the 43rd 

IEEE Midwest Symposium on Circuits and Systems (Cat.No.CH37144), Lansing, MI, 2000, pp. 

714-717 vol.2. 

18. H. Fouad, K. Sharaf, E. El-Diwany and H. El-Hennawy, "An RF CMOS cascode LNA with current 

reuse and inductive source degeneration,"in Proceedings of the 44th IEEE 2001 Midwest 

Symposium on Circuits and Systems (MWSCAS) (Cat. No.01CH37257), Dayton, OH, 2001, pp. 

824-828 vol.2. 



 

65 
 

19. H. Fouad, K. Sharaf, E. El-Diwany and H. El-Hennaway, "An RF CMOS modified-cascode LNA 

with inductive source degeneration," in Proceedings of the Nineteenth National Radio Science 

Conference, 2002, pp. 450-457. 

20. D. K. Shaeffer and T. H. Lee, "A 1.5 V, 1.5 GHz CMOS low noise amplifier," in Symposium on 

VLSI Circuits. Digest of Technical Papers, Honolulu, HI, USA, 1996, pp. 32-33. 

21. A. R. Shahani, D. K. Shaeffer and T. H. Lee, "A 12-mW wide dynamic range CMOS front-end for 

a portable GPS receiver," in IEEE Journal of Solid-State Circuits, vol. 32, no. 12, pp. 2061-2070, 

Dec 1997. 

22. F. Svelto, S. Deantoni, G. Montagna and R. Castello, "An 8 mA, 3.8 dB NF, 40 dB gain CMOS 

front-end for GPS applications," in Proceedings of the International Symposium on Low Power 

Electronics and Design (ISLPED), 2000, pp. 279-283. 

23. A. Mahmud and S. El-Ghazaly, "Performance of 1.5 GHZ fully-monolithic LNA on CMOS," in 

Proceedings of Asia-Pacific Microwave Conference (Cat. No.00TH8522), 2000, pp. 673-676. 

24. Mou Shouxian, Zhang Naibo and Chen Guican, "Design of the CMOS low noise amplifier in the 

GPS receiver," in Proceedings of 4th International Conference on ASIC (ASICON) (Cat. 

No.01TH8549), Shanghai, 2001, pp. 831-833. 

25. Zhangfa Liu and S. Parke, "A low-voltage low-power 1.5 GHz CMOS LNA design," 

in Proceedings of the 15th Biennial University/Government/ Industry Microelectronics Symposium 

(Cat. No.03CH37488), 2003, pp. 340-341. 

26. R. Salmeh, B. Maundy and R. Johnston, "Minimum noise figure of a low noise amplifier based on 

noise optimization technique," in Proceedings of the 7th International Conference on Advanced 

Communication Technology (ICACT) , Phoenix Park, 2005, pp. 612-615. 

27. N. Yadav, A. Pandey and V. Nath, "Design of CMOS low noise amplifier for 1.57GHz," in 

Proceedings of International Conference on Microelectronics, Computing and Communications 

(MicroCom), Durgapur, 2016, pp. 1-5. 

28. A. Parssinen, S. Lindfors, J. Ryynanen, S. I. Long and K. Halonen, "1.8 GHz CMOS LNA with 

on-chip DC-coupling for a subsampling direct conversion front-end," in Proceedings of the IEEE 

International Symposium on Circuits and Systems (ISCAS), Monterey, CA, 1998, pp. 73-76 vol.2. 

29. Sungkyung Park and Wonchan Kim, "Design of a 1.8 GHz low-noise amplifier for RF front-end in 

a 0.8 μm CMOS technology," in IEEE Transactions on Consumer Electronics, vol. 47, no. 1, pp. 

10-15, Feb 2001. 

30. C. J. Debono, F. Maloberti and J. Micallef, "A 1.8 GHz CMOS low-noise amplifier," in 

Proceedings of 8th IEEE International Conference on Electronics, Circuits and Systems (ICECS) 

(Cat. No.01EX483), 2001, pp. 1111-1114 vol.3. 

31. S. K. Tang, C. F. Chan, C. S. Choy and K. P. Pun, "A 1.2V, 1.8 GHz CMOS two-stage LNA with 

common-gate amplifier as an input stage," in Proceedings of 5th International Conference on 

ASIC, 2003, pp. 1042-1045, vol.2. 

32. Cheon Soo Kim et al., "A fully integrated 1.9-GHz CMOS low-noise amplifier," in  IEEE 

Microwave and Guided Wave Letters, vol. 8, no. 8, pp. 293-295, Aug. 1998. 

33. Wei Guo and Daquan Huang, "Noise and linearity analysis for a 1.9 GHz CMOS LNA," in 

Proceedings of Asia-Pacific Conference on Circuits and Systems, 2002, pp. 409-414 vol.2. 

34. Shijun Yang, R. Mason and C. Plett, "CMOS LNA in wireless applications," in Proceedings of 

IEEE 49th Vehicular Technology Conference (Cat. No.99CH36363), Houston, TX, 1999, pp. 1920-

1924 vol.3. 

35. Hui Zhao, Junyan Ren and Qianling Zhang, "A 3.3-V, 2-GHz CMOS low noise amplifier," in 

Proceedings 4th International Conference on ASIC Proceedings (ASICON) (Cat. No.01TH8549), 

Shanghai, 2001, pp. 818-820. 

36. C. Zhang, D. Huang and D. Lou, "Optimization of cascode CMOS low noise amplifier using inter-

stage matching network," in Proceedimgs of IEEE Conference on Electron Devices and Solid-State 

Circuits (IEEE Cat. No.03TH8668), 2003, pp. 465-468. 



 

66 
 

37. T. Taris, J. B. Begueret, H. Lapuyade and Y. Deval, "A 1-V 2GHz VLSI CMOS low noise 

amplifier," in Proceedings of  IEEE Radio Frequency Integrated Circuits (RFIC) Symposium, 

2003, 2003, pp. 123-126. 

38. Yong-Sik Youn, Jae-Hong Chang, Kwang-Jin Koh, Young-Jae Lee and Hyun-Kyu Yu, "A 2 GHz 

16dBm IIP3 low noise amplifier in 0.25µm CMOS technology," in Proceedings of IEEE 

International Solid-State Circuits Conference (ISSCC), Digest of Technical Papers., San Francisco, 

CA, USA, 2003, pp. 452-507 vol.1 

39. Wong-Sun Kim, Xiaopeng Li and M. Ismail, "A 2.4 GHz CMOS low noise amplifier using an 

inter-stage matching inductor," in Proceedings of 42nd Midwest Symposium on Circuits and 

Systems (Cat. No.99CH36356), Las Cruces, NM, 1999, pp. 1040-1043 vol. 2. 

40. X. Li, H. S. Kim, M. Ismail and H. Olsson, "A novel design approach for GHz CMOS low noise 

amplifiers," in Proceedings of IEEE Radio and Wireless Conference (RAWCON) (Cat. 

No.99EX292), Denver, CO, 1999, pp. 285-288. 

41. Choong-Yul Cha and Sang-Gug Lee, "A low power, high gain LNA topology," in Proceedings of 

2nd International Conference on Microwave and Millimeter Wave Technology (ICMMT) (Cat. 

No.00EX364), Beijing, 2000, pp. 420-423. 

42. Xiaomin Yang, T. Wu and J. McMacken, "Design of LNA at 2.4 GHz using 0.25 µm technology," 

in Proceedings of Topical Meeting on Silicon Monolithic Integrated Circuits in RF Systems. Digest 

of Papers (IEEE Cat. No.01EX496), Ann Arbor, MI, USA, 2001, pp. 12-17. 

43. J. C. Huang, Ro-Min Weng, Cheng-Chih Chang, Kang Hsu and Kun-Yi Lin, "A 2 V 2.4 GHz fully 

integrated CMOS LNA," in Proceedings of the IEEE International Symposium on Circuits and 

Systems (ISCAS) (Cat. No.01CH37196), Sydney, NSW, 2001, pp. 466-469 vol. 4. 

44. R. Point, M. Mendes and W. Foley, "A differential 2.4 GHz switched-gain CMOS LNA for 802.11b 

and Bluetooth," in Proceedings of IEEE Radio and Wireless Conference (RAWCON) (Cat. 

No.02EX573), 2002, pp. 221-224. 

45. Jie Long, N. Badr and R. Weber, "A 2.4GHz sub-1 dB CMOS low noise amplifier with on-chip 

interstage inductor and parallel intrinsic capacitor," in Proceedings of IEEE Radio and Wireless 

Conference (RAWCON) (Cat. No.02EX573), 2002, pp. 165-168. 

46. Jie Long and R. J. Weber, "A low voltage, low noise CMOS RF receiver front-end," Proceedings 

of 17th International Conference on VLSI Design, 2004, pp. 393-397. 

47. L. Zhenying, S. C. Rustagi, M. F. Li and Y. Lian, "A 1V, 2.4GHz fully integrated LNA using 

0.18μm CMOS technology," Proceedings of 5th International Conference on ASIC, 2003, pp. 

1062-1065 Vol.2. 

48. X. Li, Q. Gao and S. Qin, "An improved CMOS RF low noise amplifier," in Proceedings of 5th 

International Conference on ASIC, 2003, pp. 1102-1105, vol.2. 

49. F. Krug, P. Russer, F. Beffa, W. Bachtold and U. Lott, "A switched-LNA in 0.18 µm CMOS for 

Bluetooth applications," in Proceedings of Topical Meeting on Silicon Monolithic Integrated 

Circuits in RF Systems, Digest of Papers., Grainau, Germany, 2003, pp. 80-83. 

50. E. Kunz and S. Parke, "2.4 GHz high gain low power narrowband low-noise amplifier (LNA) in 

0.18 μm TSMC CMOS," in Proceedings of IEEE Workshop on Microelectronics and Electron 

Devices, 2004, pp. 52-54. 

51. Chih-Lung Hsiao, Ro-Min Weng and Kun-Yi Lin, "A 0.6V CMOS low noise amplifier for 2.4GHz 

application," in Proceedings of IEEE Asia-Pacific Conference on Circuits and Systems, Tainan, 

2004, pp. 277-280 vol.1. 

52. M. Egels, J. Gaubert, P. Pannier and S. Bourdel, "Design method for fully integrated CMOS RF 

LNA," in Electronics Letters, vol. 40, no. 24, pp. 1513-1514, 25 Nov. 2004. 

53. Y. Tao, "Design of a 2.4 GHz low noise amplifier in 0.25 μm CMOS technology," in Proceedings 

of International Symposium on Microwave, Antenna, Propagation and EMC Technologies for 

Wireless Communications, Hangzhou, 2007, pp. 392-395. 

54. T. T. N. Tran, C. C. Boon, M. A. Do and K. S. Yeo, "Ultra-low power series input resonance 

differential common gate LNA," in Electronics Letters, vol. 47, no. 12, pp. 703-704, June 9 2011. 



 

67 
 

55. T. Taris, J. Begueret and Y. Deval, "A 60µW LNA for 2.4 GHz wireless sensors network 

applications," in Proceedings of IEEE Radio Frequency Integrated Circuits Symposium, Baltimore, 

MD, 2011, pp. 1-4. 

56. S. A. Z. Murad, R. C. Ismail, M. N. M. Isa, M. F. Ahamd and W. B. Han, "High gain 2.4 GHz 

CMOS low noise amplifier for Wireless Sensor Network Applications," in Proceedings of IEEE 

International RF and Microwave Conference (RFM), Penang, 2013, pp. 39-41. 

57. Z. Li, Z. Wang, M. Zhang, L. Chen, C. Wu and Z. Wang, "A 2.4 GHz Ultra-Low-Power Current-

Reuse CG-LNA With Active gm-Boosting Technique," in IEEE Microwave and Wireless 

Components Letters, vol. 24, no. 5, pp. 348-350, May 2014. 

58. H. P. Koringa and V. A. Shah, "Design and optimization of narrow band low noise amplifier using 

0.18µm CMOS," in Proceedings of International Conference on Communication Networks 

(ICCN), Gwalior, 2015, pp. 101-106. 

59. C. M. Chou and K. W. Cheng, "A sub-2 dB noise-figure 2.4 GHz LNA employing complementary 

current reuse and transformer coupling," in Proceedings of IEEE International Symposium on 

Radio-Frequency Integration Technology (RFIT), Taipei, 2016, pp. 1-3. 

60. V. K. Chalka and N. Z. Rizvi, "CMOS low-noise amplifier for 2.4-GHz wireless receivers," in 

Proceedings of International Conference on Electrical, Electronics, and Optimization Techniques 

(ICEEOT), Chennai, 2016, pp. 4235-4239. 

61. E. H. Westerwick, "A 5 GHz band CMOS low noise amplifier with a 2.5 dB noise figure," 

in Proceedings of Technical Papers in International Symposium on VLSI Technology, Systems, and 

Applications. (Cat. No.01TH8517), Hsinchu, 2001, pp. 224-227. 

62. Min Lin, Haiyong Wang, Yongming Li and Hongyi Chen, "A novel CMOS front-end circuit with 

low power, low noise and variable gain for 5-GHz WLAN applications," in Proceedings of the 45th 

Midwest Symposium on Circuits and Systems (MWSCAS-2002), vol.2, pp. 266-269, August 2002. 

63. Min Lin, Yongming Li and Hongyi Chen, "A novel IP3 boosting technique using feedforward 

distortion cancellation method for 5 GHz CMOS LNA," in Proceedings of IEEE Radio Frequency 

Integrated Circuits (RFIC) Symposium, 2003, pp. 699-702. 

64. W. Jeamsaksiri et al., "Integration of a 90nm RF CMOS technology (200GHz fmax - 150GHz 

fT NMOS) demonstrated on a 5GHz LNA," in Proceedings of Symposium on VLSI Technology 

Digest of Technical Papers, 2004, pp. 100-101. 

65. Jing-Hong Conan Zhan and S. S. Taylor, "A 5GHz resistive-feedback CMOS LNA for low-cost 

multi-standard applications," in Proceedings of IEEE International Solid State Circuits Conference 

- Digest of Technical Papers, San Francisco, CA, 2006, pp. 721-730 

66. S. K. Alam, J. DeGroat and P. Roblin, "A 5 GHz CMOS Variable Gain Low Noise Amplifier for 

wireless LAN Applications," in Proceedings of 49th IEEE International Midwest Symposium on 

Circuits and Systems, San Juan, 2006, pp. 289-293. 

67. S. Aniruddhan, "A 0.6V 0.85mW low noise amplifier for 5 GHz wireless sensor networks," in 

Proceedings of IEEE 59th International Midwest Symposium on Circuits and Systems (MWSCAS), 

Abu Dhabi, 2016, pp. 1-4. 

68. Trung-Kien Nguyen and Sang-Gug Lee, "A 5.2 GHz, 1.7 dB NF low noise amplifier for wireless 

LAN based on 0.18 um CMOS technology," in Proceedings of 3rd International Conference on 

Microwave and Millimeter Wave Technology (ICMMT), 2002, pp. 251-254. 

69. Choong-Yul Cha and Sang-Gug Lee, "A 5.2-GHz LNA in 0.35-μm CMOS utilizing inter-stage 

series resonance and optimizing the substrate resistance," in IEEE Journal of Solid-State Circuits, 

vol. 38, no. 4, pp. 669-672, Apr 2003. 

70. Ruey-Lue Wang, Huang-Wei Chen, Jian-Shiuan Liou and Chih-Ho Tu, "A fully integrated 5.2 GHz 

CMOS inductively degenerated low noise amplifier," in Proceedings of IEEE Asia-Pacific 

Conference on Circuits and Systems, 2004, pp. 285-288, vol.1. 

71. T. K. K. Tsang and M. N. El-Gamal, "Gain and frequency controllable sub-1 V 5.8 GHz CMOS 

LNA," in Proceedings of IEEE International Symposium on Circuits and Systems. (Cat. 

No.02CH37353), 2002, pp. 795-798, vol.4. 



 

68 
 

72. Ren-Chieh Liu, Chung-Rung Lee, Huei Wang and Chorng-Kuang Wang, "A 5.8-GHz two-stage 

high-linearity low-voltage low noise amplifier in a 0.35 µm CMOS technology [WLANs]," in 

Proceedings of IEEE Radio Frequency Integrated Circuits (RFIC) Symposium Digest of Paper. 

(Cat. No.02CH37280), Seattle, WA, USA, 2002, pp. 221-224. 

73. J. S. Duster, S. S. Taylor and J. H. C. Zhan, "A 1.5dB NF, 5.8GHz CMOS low-noise amplifier with 

on-chip matching," in Proceedings of IEEE Asian Solid-State Circuits Conference, Jeju, 2007, pp. 

99-102. 

74. K. W. Yu, Y. L. Lu, D. Huang, D. C. Chang, V. Liang and M. F. Chang, "24 GHz low-noise 

amplifier in 0.18 μm CMOS technology," in Electronics Letters, vol. 39, no. 22, pp. 1559-1560, 30 

Oct. 2003. 

75. Kyung-Wan Yu, Yin-Lung Lu, Da-Chiang Chang, V. Liang and M. F. Chang, "K-band low-noise 

amplifiers using 0.18 μm CMOS technology," in Proceedings of IEEE Microwave and Wireless 

Components Letters, vol. 14, no. 3, pp. 106-108, March 2004. 

76. S. C. Shin, Ming-Da Tsai, Ren-Chieh Liu, K. Y. Lin and Huei Wang, "A 24-GHz 3.9-dB NF low-

noise amplifier using 0.18 μm CMOS technology," in Proceedings of IEEE Microwave and 

Wireless Components Letters, vol. 15, no. 7, pp. 448-450, July 2005. 

77. FCC, “Revision of Part 15 of the Commission’s Rules Regarding Ultra-Wideband Transmission 

Systems,” First Report and Order, ET Docket 98-153, FCC 02-8, adopted/released Feb. 14/Apr. 

22, 2002. 

78. W. Hirt, “Ultra-Wideband Radio Technology: Overview and Future Research,” Comp. 

Communications, vol. 26, no. 1, pp. 46–52, Jan. 2003. 

79. A. Pajkanovic and M. Videnovic-Misic, "A 3–10 GHz ultra-wideband 130 nm CMOS low noise 

amplifier," in Proceedings of 29th International Conference on Microelectronics - MIEL 2014, 

Belgrade, 2014, pp. 363-366. 

80. Y. S. Lin, C. C. Wang, G. L. Lee and C. C. Chen, "High-Performance Wideband Low-Noise 

Amplifier Using Enhanced $\pi$-Match Input Network," in IEEE Microwave and Wireless 

Components Letters, vol. 24, no. 3, pp. 200-202, March 2014. 

81. N. Gautam, M. Kumar and A. Chaturvedi, "A 3.1-10.6 GHz CMOS Two Stage Cascade Topology 

Low-Noise Amplifier for UWB System," in Proceedings Fourth International Conference on 

Communication Systems and Network Technologies, Bhopal, 2014, pp. 1070-1073. 

82. D. Kalra, M. Kumar, A. Chaturvedi and A. Kumar, "Design and simulation of LNA using 0.18 µm 

CMOS technology for UWB systems," in Proceedings of Communication, Control and Intelligent 

Systems (CCIS), Mathura, 2015, pp. 390-392. 

83. L. W. Chen, R. M. Weng, R. Y. Huang and S. K. Chen, "A 1.3 V noise-cancelling low noise 

amplifier for ultra wideband applications," in Proceedings of IEEE 5th Global Conference on 

Consumer Electronics, Kyoto, 2016, pp. 1-2. 

84. Z. Hong-min, Z. Ying, Y. Ying and D. Ke-ke, "Analysis and design of a 3.1–10.6 GHz wideband 

low-noise amplifier using resistive feedback," in Proceedings of IEEE International Conference 

on Ubiquitous Wireless Broadband (ICUWB), Nanjing, 2016, pp. 1-3. 

85. S. Pandey, P. N. Kondekar, K. Nigam and D. Sharma, "A 0.9V, 3.1–10.6 GHz CMOS LNA with 

high gain and wideband input match in 90 nm CMOS process," in Proceedings of IEEE Asia Pacific 

Conference on Circuits and Systems (APCCAS), Jeju, 2016, pp. 730-733. 

86. Aditi, M. Bansal, “A High Gain and Moderate Linearity Inductively Degenerated Cascode CMOS 

LNA for 2.4GHz ISM Band,“ in Proceedings of International Conference on Innovations in 

Information, Embedded and Communication Systems (ICIIECS), Coimbatore, 2017, vol. 5, no. 71, 

pp. 382-385.



 

69 
 

 

 

 

Appendices 

  



 

70 
 

 

 

 

Appendix I: 

Published Papers 

  



 

71 
 

Mobile and Real-Time Sensing Electronic Nose based on 

Carbon Nanotubes 
Malti Bansal, Aditi 

Department of Electronics & Communication Engineering, Delhi Technological University (DTU) 

Delhi-110042, India 

(maltibansal@gmail.com)  

 
Abstract—Composites/blends of conducting polymers with 

carbon nanotubes have caught the increasing attention of the 

scientific community in the last few years because of their potential 

applications in new devices such as in electronic nose. We aim here 

to review the different types of electronic nose based on carbon 

nanotubes as sensing material. Based on principal component 

analysis (PCA), portable electronic nose is applied in classification 

of various alcoholic beverages, sea foods, volatile components, 

milk and dairy products etc. and also further in determining their 

quality.  

Keywords—Carbon nanotubes, electronic nose, multiple sensor 

array, data acquisition system, pattern recognition algorithm, real 

time detection  

I. INTRODUCTION 

Ecstasy in the world of science was felt because of miraculous 

re-discovery [1] of carbon nanotubes (CNTs) captivating realm 

by Sumio Ijima in 1991 and this breakthrough further kicked off 

with synthesis of carbon nanotubes [2,3] study of properties of 

both multiwall [4,5] and single walled [6,7,8] carbon nanotubes 

and their application in every known field. Moreover, worldwide 

CNT production capacity has increased at least 10-fold since 

2006, and the annual number of CNT-related journal 

publications and issued patents continues to grow [9]. From the 

explored search under the topic ‘‘carbon nanotubes’’, for the 

period of 1990–2003 (14 years) the total number of publications 

was 351,824 papers and 48,448 patents, with a patent/paper ratio 

of 0.13 and for the period of 2000–2010 at a recorded date and 

time, the total number of publications, was 52,224 papers and 

the total number of accepted patents was 5746 items; the ratio of 

published patents to papers for this period is 0.11. An annual 

increase of 8.09% for research papers and 8.68% for patents has 

resulted for CNT research in the given period [10]. The domain 

of sensors is not ostracized and is being embraced in the 

bewitching and fascinating world of “nano”. An amalgam of two 

different worlds of carbon nanotubes and sensors has led to 

quantum leaps of gizmos such as carbon nanotubes based force 

sensors [11], thermal accelerometer based on CNT 

[12]  ,wireless sensor based on CNT [13] , etc. These devices 

have shown properties far more superior compared to those 

without carbon nanotubes. Carbon nanotubes (CNTs) are 

seamless cylinders of one (single walled carbon nanotubes 

denoted by SWNT) or more (multiwalled carbon nanotubes 

denoted by MWNT) layers of graphene with open or closed ends 

[14]. Diameters of SWNTs and MWNTs are typically 0.8 to 2 

nm and 5 to 20 nm, respectively, although MWNT diameters can 

exceed 100 nm. CNT lengths range from less than 100 nm to 

several centimeters, thereby bridging molecular and 

macroscopic scales. Unorganized CNTs have limited properties  

and are re-used in bulk composite and thin films while organized 

CNT architecture such as vertically aligned forests, yarns and 

sheets, scales up the properties and brings about new 

functionalities such as shape recovery [15] ,dry adhesion [16], 

high damping [17,18], terahertz polarization [19], large-stroke 

actuation [20], near-ideal black-body absorption [21], and 

thermo-acoustic sound emission [22,23] but thermal, 

mechanical, and electrical properties of CNT macrostructures 

such as yarns and sheets remain lower than those of individual 

CNTs. Moreover, CNTs are used in fabrication of various 

devices such as organic light emitting diodes [24], thin film 

transistors [25], FETs [26], etc. In the field of sensors, the above 

two (CNTs and sensors) are brought together to bear the sensing 

elements of sensors, ergo the term “nano” is affixed to sensors- 

nanosensors. According to Business Communication Company 

Inc. (BCCI), the global nanosensor market in 2004 was worth 

$190 million and was forecasted to reach $592 million by 2009 

at an average annual growth rate (AAGR) of 25.2 per cent [27]. 

Many companies attempting to exploit nanosensors for health-

care are targeting new applications, particularly to detect 

chemical molecules and agents such as proteins [28], nucleic 

acid [29] ,etc. and homeland security industries is making 

electronic nose as one of the significant candidate of this 

category. 

 

II. ELECTRONIC NOSE AND ITS MODULES 

A biomimetic system comprising an array of electronic 

chemical sensors with partial specificity and appropriate pattern 

recognition system and which is capable of recognizing odors is 

an E-nose, a term coined by Gardner and Barlett in 1988 [30,31]. 

After being first developed in 1987, it is being used in wide 

variety of applications. However, not everything that has smell 

or odor can be measured with the help of e-nose, thus more justly 

it is construed as a chemical array sensor system that emulates 

mammalian olfactory system. The e-nose is both more and less 

at the same time, because it is not adapted to detect substances 

of daily importance in mammalian life such as the scent of other 

animals, foodstuff, or spoilage, while it offers the capability to 

detect some important non-odorant gases, thus making e-nose 

application specific and ergo; all-purpose electronic nose is not 
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available. Therefore it can be concluded that electronic nose is 

technical equivalent of mammalian nose but when compared 

between the two, the natural olfactory system i.e., mammalian 

nose outshines the advantages offered by artificial nose/e-nose. 

Nevertheless, there are many strong drivers to apply it in the 

field of olfaction because alternatives either are not practicable 

or are too costly and time-consuming, e.g., human test panels [32]. 

Detriment of existing e-nose is that they usually work offline and 

are not fully portable; and target gas samples have to be brought 

where equipment is set. Hence, a fully portable electronic gas 

measurement sensor with high sensitivity is needed in the market 
[33]. To meet these requirements, further advances have been 

made to obtain a mobile battery operated electronic nose which 

has measurement circuit on it; making it easy to operate. 

 

In principle, E-nose consists of three main elements, namely: 

 

 

(i) Multiple sensor array (MSA) 

The electronic integration of various sensors inside one set 

constitutes an array of sensors called multiple sensor. These 

sensors transduce chemical interactions into signals that can be 

measured after processing them. The sensing elements 

depending on type of analyte (gas that is required to be detected) 

are chosen. Most commonly, different sensors are required for 

cross verification of data and identical sensors are required to 

improve precision. 

 

(ii) Data Acquisition System 

System responsible for ensnaring the signals provided by the 

multiple sensor array; and conveying them to the computing 

system that processes the information. Also, it must be able to 

handle and store data from multiple sensors and this data is used 

to prepare data bank. This system is integrated in single devices 

such as microcontroller, microprocessor, DSP, etc. The data is 

usually acquired through a USB DAQ device/data acquisition 

card (NI USB-6008).  

 

(iii) Pattern Recognition Algorithm 

The pattern recognition algorithm (PRA) classifies, identifies 

the vapor or odors of concern based on the data stored in data-

bank. To construct a database and train a pattern recognition 

system, patterns or finger prints from known analytes are used 

so that the unknown analytes can subsequently be classified and 

identified. There are various methods used to aid this process but 

the commonly used one is Principal Component Analysis (PCA). 

PCA is statistical technique and allows an easy visualization of 

all information. However, preprocessing or feature extraction 

from the acquired sensor signal prior to the use of PCA is 

necessary to get the better separation. PCA is most useful when 

no known sample is available or when it is suspected that 

relationships between samples or variables are veiled [34]. 

 

The applicability of electronic noses has been tested in every 

imaginable field where odor or odorless volatiles and gases are 

thought to play a role, some of such fields include food freshness, 

quality, ripeness and shelf-life [35, 36, 37], milk and dairy 

products [38,39], meat products [40], fish and seafood products 

[41], agricultural plant production [42], plant pathology [43], 

medical pathology [44, 45, 46], chemistry and chemical 

detection [47, 48],  alcohol beverage detection [49, 50, 51] ,etc.  

III. CARBON NANOTUBES AND ITS FLAVORS 

Carbon nanotubes (CNTs) are an allotrope of carbon 

comprised of graphene sheets rolled up into cylinders of sp2 

hybridized atoms, hence tubular in shape.  CNTs are typically 

microns long;  and when combined with their narrow diameter, 

lead to excellent material properties such as a high aspect ratio 

and large surface area. The electrical properties of a CNT are 

determined by the tube helicity and diameter. CNTs can be 

approximated to one-dimensional nanostructures [52]. 

Structurally, carbon nanotubes exhibits 2 flavors, single walled 

nanotubes [53] and multi-walled nanotubes in which former is 

made of single graphite layer rolled into hollow cylinder and 

latter is made of concentric arrangement of these cylinders. 

A. Multi-walled carbon nanotubes (MWNTs) 
Multi-walled carbon nanotubes, which were the first to be 

discovered, consist of concentric cylinders around a common 

central hollow with a constant separation between the layers 

close to the graphite interlayer spacing (0.34 nm) [54]. Each 

individual cylinder is characterized by a different helical angle 

and has a diameter ranging from 2 to 25 nm and a length of 

several microns [55]. 

B. Single walled carbon nanotubes (SWNTs) 

Single walled carbon nanotubes were observed about two years 

later after the discovery of MWNT [56]. Compared to the 

multiwall tubes, the single-walled nanotubes are generally 

narrower with diameters typically in the range 1-2 nm, and tend 

to be curved rather than straight [57]. 

IV. MOBILE AND REAL-TIME SENSING E-NOSE BASED ON CNT  

 

A. Sensors 

Sensors are the heart of the system and can be divided according 

to the type of sensitive material used: inorganic crystalline 

materials (e.g. semiconductors and metal oxides) [58], organic 

material and polymers (carbon nanotubes) [59], and biologically 

derived material (immobilized biologic molecule (enzymes, 

cellules or antibodies)) [60]. So, the sensors such as metal oxide 

semiconductors (MOS) [61], organic conducting polymers (CP) 
[62], chemo-capacitors, MOS field effect transistors (MOSFET) 
[63], quartz crystal microbalance (QCM) [64, 65], surface acoustic 

wave (SAW) [66,67] etc. are used as e-nose sensors for the analysis 

of gases . Fabrication of sensor array by carbon nanotubes can 

be further divided into two categories: one made of MWNTs and 

the other made of SWNTs. 

 

a) MWNT 

 

i) MWNT-SnO2 



 

73 
 

The gas sensors were fabricated by E-beam evaporation [68]. 
Under a vacuum pressure of ∼10−4 Torr, the substrates were 
cleaned by oxygen-ion bombardment; to improve the adhesion 
of the film to the substrates, then Cr/Au interdigitated electrodes 
on alumina substrates were prepared and through electroplated-
Ni shadow masks, Cr and Au layers were then successively E-
beam evaporated over the alumina substrates. The resulted 
thickness of Cr and Au layers were ∼50nm and ∼200 nm, 
respectively and the spacing, width, and length of the 

interdigitated electrodes were approximately 100 m, 100 m, 
and 1 mm, and respectively.  In a lab- made horizontal tube 
furnace, MWNT powder was synthesized by thermal chemical 
vapor deposition (CVD). By mixing 15g of SnO2 powder with 
0.075g and 0.15g of CNT powders, respectively, CNT–SnO2 
mixed powders were prepared with 0.5 wt% and 1 wt% 
concentrations. The mixed powders were thoroughly mixed for 
30 min by grinding in a mortar and at a pressure of 15 tons, the 
pure SnO2 and mixed powders were compressed into 
cylindrical pellets in a hard steel mold by a hydraulic 
compressor. Next, the mixed CNT–SnO2 materials (0.5 wt% 
and 1wt% CNTs) and compressed SnO2 were loaded in E-beam 
chamber and evaporated over the interdigitated electrodes 
through an electroplated shadow mask with square window 
pattern that aligned to the interdigitated area at an operating 
vacuum of∼10−5 Torr. The film thickness of sensing materials 
was ∼300 nm. For 3 hours, the evaporated film was then 
annealed at 500 ◦C. Finally, at the backside of substrate, a NiCr 
layer with (Ni 80% and Cr 20%) was also E-beam evaporated 
to perform as a heating unit as the NiCr heater can perform 
heating up to 350◦C. Fig 1 shows the photograph of fabricated 
sensor [68]. 

 

 

Fig. 6. Fabricated sensor 

(Taken from C. Wongchoosuk, A. Wisitsoraat, A. Tuantranont, T. Kerdcharoen, 

“Portable electronic nose based on carbon nanotube-SnO2 gas sensors and its 

application for detection of methanol contamination in whiskeys”, Sensors and 

Actuators B: Chemical, vol. 147, no 2, pp. 392-339, 2010) 

ii.) MWNT polymer sensor array 

 

To form MWNT-polymer gas-sensor array chip, twelve 

independent sensing areas were present [69] on a single silicon 

substrate of which ten sensor array chip each of size 34mm x 

20mm were fabricated using the batch process on 4-inch wafer,  
eight of which were coated with sensing components while 

remaining were reserved for future addition. To minimize heat 

loss from silicon substrate each of the sensing elements 

contained a circular membrane with diameter 2 mm. 

The selection of polymer was performed according to two 

processes: the linear solvation energy relationship (LSER) 

theory and physical absorption bonding. In the former process, 

to enhance the device recognition capability for different 

odours, LSER theory was applied. Using series of LSER 

coefficients related to the polymer solubility properties, LSER 

equations correlate the log of the partition coefficient of a vapor 

in a polymer with the vapor solvation parameter. It was 

scrutinized that a smaller solvation coefficient corresponds to 

larger interaction between ethanol gas and polymer, resulting in 

larger resistance variation. However, physical as well as 

chemical characteristics of film can be changed by carbon 

nanotubes, making solvation energy insufficient for sensor-

analyte interaction. To use the sensors repetitively with a 

short recovery time, the interaction between gas and 

polymer membrane was usually the latter process of 

physical adsorption bonding, namely: hydrogen-bond 

acidic (HBA), hydrogen-bond basic (HBB), dipolar and 

hydrogen-bond basic (D-HBB), moderately dipolar and 

weakly H-bond basic or acidic (MD-HB), and weakly 

dipolar with weak or no hydrogen-bond properties (WD). 

Methods adopted to fabricate the gas sensing films for 

these sensors:  
1. One-layer film-making method: in methyl ethyl ketone (MEK) 

solvent, the selected  polymers were dissolved and MWNTs (1 

wt.%) were added. Under ultrasonic oscillation, the mixture 

was magnetically stirred to achieve uniform dispersion. Using 

an HPLC syringe, the uniformly mixed composite precursor 

was injected onto the chip. The solvent was removed and by 

baking in a vacuum oven for 24 hrs, the composite membrane 

was formed  

2. Two-layer film-making method: by drop-casting 1 mg/ml 

MWNTs (1 wt.%) dispersed in MEK onto the surface of an 

interdigitated microelectrode (IME) device, a MWNT-modified 

electrode layer was prepared. To yield the MWNT film, the 

MEK solvent was evaporated in air, at room temperature. To 

form the multilayer films [70] ,the polymer films were deposited 

by drop casting their solutions onto the MWNT layer, followed 

by drying in vacuum. 

3.  

b) SWNT 

By E-beam evaporation of Cr/Au over alumina substrates 

through electroplated-Ni shadow masks, interdigitated 

electrodes (IDE) were fabricated. The thickness of Cr and Au 

layers were ~50 nm and ~200 nm, respectively and the width, 

spacing, and length of the IDE were approximately 100 m, 100 

m, and 1 mm, respectively. The SWNTs were dispersed in the 

polymer solution such as PVP, cumene-PSMA, etc. Each 

composited material was dropped onto the interdigitated 

electrodes and was heated at 150 C for 1 hour to remove the 

residual solvent and impurities leading to formation of sensors. 

The resistances of fabricated sensors were approximately 

between 500 - 20k under ambient condition [71].  
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Chemical compounds used for sensing volatile organic 

components generated from human’s axillary skin, as a polymer 

on SWNT-COOH are cumene terminated polysterene-co-

maleic anhydride (cumene-PSMA), poly(styrene-   co-maleic 

acid) partial isobutyl/ methyl mixed ester (PSE), 

polyvinylpyrrolidonn (PVP), and on SWNT-OH are Cumene 

terminated polystyrene-co-maleic anhydride (Cumene-PSMA), 

Poly(styrene-co-maleic acid) partial isobutyl/ methyl mixed 

ester (PSE), Polyvinylpyrrolidon (PVP) [72] while for sensing 

proteins such as amino proteins, as a polymer on SWNT-

COOH, are polyvinhyl chloride (PVC) in  THF, cumene 

terminated polysterene-co-maleic anhydride (cumene-PSMA) 

in the acetone, poly(styrene-   co-maleic acid) partial isobutyl/ 

methyl mixed ester (PSE) in acetone,  polyvinylpyrrolidonn 

(PVP) in ethanol, and on SWNT-OH are polyvinhyl chloride 

(PVC) in THF, cumene terminated polysterene-co-maleic 

anhydride (cumene-PSMA) in the acetone, poly(styrene-   co-

maleic acid) partial isobutyl/ methyl mixed ester (PSE) in 

acetone,  polyvinylpyrrolidonn (PVP) in ethanol [73] where, 

SWNT-COOH is carboxylic-functionalized single walled 

carbon nanotubes and SWNT-OH is hydroxyl functionalized 

SWNTs purchased from manufacturers containing 90wt% 

carbon with 1-2 nm diameter and 0.5-2.0 m length and degree 

of functionalization is 2.73% and 3.96% for SWNT-COOH and 

SWNT-OH, respectively. Here, the polymers are varied to 

introduce the difference of physical and chemical properties for 

generating the specific patterns of activation across the sensor 

array. For the same reason, two types of functionalized single-

walled carbon nanotubes were used to disperse in each of the 

polymer matrix. 

V. CONCLUSION AND FUTURE SCOPE 

Sensor array based on CNT-SnO2 are designed and the doping 

of CNTs enhances the sensitivity of SnO2 sensors and the 

amount of doping affects the selectivity of gases while in the 

sensor array based on polymer/SWNT nanocomposites, 

specific pattern were generated by using polymer matrix and 

functionalized CNT (SWNT-COOH and SWNT-OH). The 

fabricated sensors show good sensitivity, specific to some 

components such as ammonia, amines while show very low 

response to organic solvents. The combination of MWNT and 

polymer has further enhanced the sensitivity making it pertinent 

as microarray gas-sensing elements and uses fast adaptive 

readout circuitry that first responds to the odor then adapts the 

odor. The present era is trending towards the advancement of 

electronic noses for particular purposes or a fairly narrow range 

of applications. The efficiency of electronic nose can be 

increased by reducing instrument costs, and allowing easy data 

analysis by wireless electronic nose and highly sensitive to the 

gas to be detected. New potential discoveries in this new sector 

of sensor technology will continue to expand as new products, 

machines, and industrial processes are being developed. These 

developments will lead to the recognition of new ways to 

exploit the electronic nose to solve many new problems for the 

benefit of mankind. New emerging technologies are 

continuously providing means of improving e-noses’ 

capabilities by interfacing and combining classical analytical 

systems for rapid discrimination of individual chemical species 

within aroma mixtures. Future appears to be brighter for 

electronic nose based on carbon nanotubes. 
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Abstract—A high gain and moderate linearity inductively 

degenerated cascode CMOS LNA has been fabricated in this 

paper using 0.13um CMOS technology. The low noise amplifier is 

optimized for working in the 2.4 GHz band range. The inductive 

degeneration topology with pi-matched input used in the LNA 

provides low noise, very high gain and an acceptable IIP3. 

Advanced Design System (ADS) software is used for simulation. 

The fabricated LNA uses 1.2V supply voltage and it exhibits a gain 

of 24.227 dB, noise figure of 2.109 dB, input reflection coefficient 

(S11) of -11.11 dB, reverse gain (S12) of -41.478 dB and an IIP3 of 

4. 

Index Terms—ADS (Advanced Design Simulation Software); 

LNA (Low Noise Amplifier);  RF (Radio Frequency); CMOS 

(Complementary MOSFET);  Inductively degenerated cascode; 

IIP3 (Third Order Intercept Point)  

I.  INTRODUCTION  

Because of the communication industry’s rapid 

developments, the requirement of more and different kinds of 

wireless communication systems has increased. It is desired 

that these wireless communication systems have characteristics 

such as low noise figure, low input/output return losses, a high 

IIP3 and, low power consumption. The main aim of the 

manufacturers of the wireless communication systems is to 

achieve low power. In these wireless communication systems, 

the RF front-end circuit is LNA which is one of the crucial 

elements of RF receivers [1][2][3]. They amplify RF signal to 

a particular level so that the sensitivity requirements of other 

components in RF receivers such as filters are met by RF signal. 

In this paper, a 2.4GHz band CMOS LNAs is proposed 

which uses an inductive degeneration cascode topology to 

provide low noise and high gain and also implements pi-

matching network to provide better gain because compared to 

T-matching, pi- matching has good power gain because of 

introducing additional degree of freedom [4][5]. The purpose 

of the proposed LNA is to improve the performance of receiver 

by reducing the power consumption of the CMOS LNA while 

still retaining acceptable noise performance, good input/ output 

match, and moderate linearity. The LNA offered NF of 2.109 

dB and input return loss of -7.375dB, output return loss of -0.28 

dB, and IIP3 of 4 dBm 

II. CIRCUIT TOPOLOGY 

For IEEE 802.15.4 ZigBee standard, inductively 

degenerated cascode LNA topology is chosen because this 

topology is the basis of the varieties of LNA topologies which 

are available presently. Under low power constraint, the 

topology maximizes the gain and good input and output isolation 

is provided. Stability is improved by good reverse isolation and 

also input port matching is simplified [6]. The simplified 

schematic of the CMOS LNA is given in Fig 1. 

 
Fig. 2 Inductively-Degenerated Cascode CMOS LNA 

In the circuit shown above, output matching is provide by 

Ld & Cd. Moreover, at output during resonance additional 

filtering is enabled by them. The circuit is very suitable for low 

power design because the series resistance contributes the 

voltage drop across the inductor. 

The transistor and degeneration inductor combination 

provides input matching. The impedance at the input is given 

by: 

                      Zin=𝑠(𝐿𝑔 + 𝐿𝑠) +
1

(𝑆𝐶𝑔𝑠)
+

𝑔𝑚𝐿𝑠

𝐶𝑔𝑠
                        (1) 

where,  

         Input resistance= Rin=𝑅𝑒[𝑍𝑖𝑛] =
𝑔𝑚𝐿𝑠

𝐶𝑔𝑠
                (2) 
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Gain of LNA is given by: 

                             
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=

−𝑔𝑚𝑠𝐿𝑑

1−𝜔2𝐶𝑔𝑠(𝐿𝑔+𝐿𝑠)+𝑠𝐿𝑠𝑔𝑚
                      (3) 

Also at resonant frequency, 

                               𝜔2 = (𝐿𝑔 + 𝐿𝑠)𝐶𝑔𝑠 = 1                             (4) 

 

Therefore, by substituting (4) in (3) 

                           
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=  

−𝑔𝑚𝑠𝐿𝑑

𝑠𝐿𝑠𝑔𝑚
=

−𝐿𝑑

𝐿𝑠
                                      (5) 

Hence, the ratio of inductor at drain to inductor at source is the 

gain. If Ld is greater than Ls, then gain is high but the series 

resistance of inductor causes trade-off between Ld’s size and 

output of the circuit [7].  

 

III. CIRCUIT DESIGN 

Figure 2. shows the schematic of the inductively degenerated 

cascode topology LNA using pi-matching at input. 

 

 
Fig. 2. Proposed LNA 

A current mirror circuit is formed by M3 and R1. The input 

signal is enforced into the input of LNA because the signal path 

is isolated from the biasing circuit by M1. If the value of R2 is 

not greater than the input impedance of the stage before it, then 

the R2 value is critical. M3 is the biasing transistor in the circuit 

which forms current mirror with M1. To avoid heavy current 

consumption, the W/L ratio of M3 should not be large. 

IV. SIMULATION AND RESULTS 

Simulations of the LNA for 0.13 um CMOS process were 

performed using ADS. The low noise amplifier provides a gain 

(S21) of 24.227 dB as shown in figure 5. To make the input 

matching impedance (Zin) equal to 50 Ω, Cgs and gm are 

selected properly according to (1). The input reflection 

coefficient (S11) is -7.375 dB as shown in figure 3 and the 

output reflection coefficient (S22) is -0.28 dB as shown in 

figure 6. The circuit operation requires 1.2 V power supply. The 

value of reverse isolation (S12) as shown in figure 4 is -41.478 

dB and a minimum noise figure of 2.109 dB is obtained as 

shown in figure 7. The simulated IIP3 result is shown in figure 

8 and IIP3 of 4 dBm is obtained. From the result, it can be 

concluded that very high gain and moderate linearity have been 

achieved. The simulated amplifier’s characteristics summary is 

presented in Table I. From Table I, compared with other LNA’s, 

the performance of our proposed CMOS LNA is much better as 

it has the best reported value of gain at 2.4GHz. 

 

 
Fig. 3. Input Reflection Coefficient (S11) 

 

 

Fig. 4. Reverse Gain/ Reverse Isolation (S12) 
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Fig. 5. Forward Gain (S21) 

 

 
Fig. 6. Output Reflection Coefficient (S22) 

 

 
Fig. 7.  Noise Figure (NF) 

 
Fig. 8. IIP3 

TABLE I.  COMPARISON OF DIFFERENT CMOS LNA 

 [7] [8] [9] 
This 

Work 

Frequency 

(GHz) 
2.14 2.4-2.5 2.4 2.4 

Technology 

(𝜇𝑚) 
0.13 0.13 0.13 0.13 

Supply (V) 1.2 1.2 1 1.2 

Gain (dB) 
18.24 

 
20.343 

18.5 24.227 

Noise Figure 

(dB) 

1.362 
1.98 4.38 2.109 

IIP3 (dBm) 
_ 

5 0.7 4 

V.  CONCLUSION 

In this paper, a 2.4GHz CMOS LNA for IEEE 802.15.4 

ZigBee standard is proposed. Good noise figure of value 2.109 

dB and very high gain of 24.227 dB are obtained at 1.2V power 

supply. Also, a moderate IIP3 of 4 dBm is obtained which 

shows that the proposed circuit has acceptable stability. 
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Abstract—Using EDA tool for simulation and designing of the 

low noise amplifier (LNA) has resulted in the acceleration of the 

design and production of RF low noise amplifier. In this paper, 

LNA is designed using BSIM3 0.13µm technology for 2.4 GHz ISM 

band using ADS tool, based on cascode topology using feed 

forward cancellation (FDC) technique. Feed forward cancellation 

technique has been used to improve linearity. The designed low 

noise amplifier (LNA) has excellent linearity, moderate gain and 

considerable matching of input impedance. The designed LNA is 

having S11=-5.562 dB, S21=10.976 dB, NF=10.26 dB and IP3=17.0 

dBm. 

Keywords—Advanced Design Simulation (ADS) software, Low 

Noise Amplifier (LNA), EDA, Cascode, Common Gate (CG), 

Feedforward Cancellation (FDC), Common Source (CS) 

I. INTRODUCTION 

    The electromagnetic spectrum’s part that covers high 

frequencies in GHz range is the radio frequency range. Signals 

received by and transmitted from the antenna are RF signals. 

People’s demand for wireless applications has become more 

sophisticated i.e., requiring a small power of radiation, large 

converging area, and higher speed because of the rapid 

development of communication technology. Wireless 

telecommunication systems are used in reception and 

transmission of radio waves, which includes Wi-Fi, mobile 

phones, and two-way radios [1]. The demand of small radiation 

power, large converging area, and high speed are fulfilled due 

to the low-cost, low-rate, and low-power network; IEEE 

802.15.4 ZigBee standard [2]. The license free frequency bands 

are 2400 MHz, 920 MHz, and 860 MHz, used by IEEE 802.15.4 

ZigBee standard [3]. This design is mainly concentrated on the 

2.4GHz band because of global operation in this band. 

An important component of the wireless telecommunication 

system is a LNA [4] [5] [6] which is placed on the front end of 

the receiver to improve the linearity and noise figure and 

provide amplification of the signal by adding as little distortion 

and noise as possible [7] in the circuits of ultra-wide band 

receivers. So, metrics of good LNA are high gain, high 

linearity, low power consumption, low noise figure (NF), and 

high input isolation but also there are tradeoffs in these metrics 

while designing [8]. 

 

The LNA is operated in RF band so, for RF path especially, 

the LNA circuit should be as simple as possible otherwise, the 

noise in the circuit becomes too high. Moreover, amplified 

signal may get distorted due to parasitic effects in the 

complicated circuits [9]. The important goals in the designing 

of LNA are low NF, high gain, low power consumption, and 50 

Ω input impedance. For achieving all these goals, different 

LNA architectures are available as follows: Common-Source 

(CS) stage with resistive termination, Common-Gate (CG) 

LNA, Common-Source with shunt feedback, Common-Source 

with inductive source degeneration and Common-Source with 

Cascode inductive source degeneration.   

                For termination at the input port a resistor is used, 

to provide 50 Ω input impedance in the resistive termination CS 

amplifier. In order to realize input matching, a resistor of 50 Ω 

is connected in parallel to the input, leading to a high NF. This 

architecture is undesirable where good input matching as well 

as low noise is desired. The transconductance (gm) value 

should be fixed at 
𝟏

𝑹𝑺
 for the input matching in the Common 

Gate LNA, therefore, the only design variable is RL. The input 

transistor’s transconductance of cannot be high due to the input 

matching. However, this topology is well known for wideband 

applications and also, the noise factor is quite reasonable and 

acceptable. The Common Source stage with shunt series 

feedback, as compared to the conventional Common Gate 

LNA, achieves lower noise figure and higher power dissipation. 

In Common Source with inductive source degeneration LNA, 

thermal noise is not generated like an ordinary resistor. So, the 

input matching requirement is achieved without introduction of 

the additional noise due to real resistor. Also, compared to other 

architectures, this topology consumes less power, making it 

suitable for low power applications. However, this topology has 

disadvantages like low gain, low linearity and high noise figure. 

The Common Source with cascode inductive source 

degeneration LNA has high reverse isolation and high stability. 

However, the inductors LS and LG have to be adjusted to keep 

the input impedance to 50Ω as the generated noise power from 

the cascode stage increases when the width of the cascode stage 

increases. The various LNA topologies are compared in table I 

shown below.  
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TABLE I.     COMPARISON OF LNA TOPOLOGIES 

Topology Advantages Disadvantages 

Resistive 

termination 

common source 

LNA [10][11] 

Broadband 

amplifier. 

Good input 

matching. 

Addition of 

noise from the 

resistor. 

High noise 

figure. 

Common gate 

LNA [11] 

[12][17][18] 

Well known for 

wide band 

applications.  

Low power 

consumption. 

Weak noise 

performance. 

Common source 

with shunt 

feedback 

[10][12][13] 

Broadband 

amplifier. 

Has good input 

and output 

characteristics. 

 

High power 

dissipation. 

 

Common source 

with inductive 

source 

degeneration 

[11][13][14] 

[15][16] 

Suitable for low 

power 

applications. 

Low gain, low 

linearity and 

high noise 

figure. 

Common source 

with cascode 

inductive source  

degeneration 

[19][20][21][22] 

High reverse 

isolation and high 

stability.  

The noise 

power 

generated from 

cascode stage 

increases when 

the width of 

cascode stage 

increases. 

 

Gain and linearity are two opposite parameters and hence, 

are difficult to balance; gain will be degraded automatically 

while trying to improve the linearity and vice versa [23]. 

Compared to T-matching, power gain is enhanced in Pi-

matching, so that reasonable linearity is obtained at low power 

and hence, is adapted in this paper. The feed forward technique 

generates distortion (by using an additional path) which cancels 

the distortion of original LNA at the output. This paper shows 

designing and implementation of LNA in 130nm technology. 

The paper is arranged into four sections. In section I, an 

introduction to design is summarized. In section II, the circuit 

design is analyzed and in section III, circuit simulation result 

graphs are shown, and comparison of different types of single-

ended LNAs has been done. Section IV gives conclusion and 

future scope of this work. 

 

 

II. CIRCUIT  DESIGN 

 

Fig. 7  Schematic of LNA 

The M1 transistor is used as common source (CS) stage; 

cascode structure is formed by M1 and M2. Gate of M3 and 

drain of M1 are connected and M3 transistor’s output is given 

to base of M2; for boosting the gain by increasing the drain 

resistance of M2. M3 and R1 form another CS amplifier. To 

improve input third order intercept point (IIP3), M4 transistor 

is used in common gate (CG) mode as an auxiliary transistor. 

C6 and L2 are used as load and C7, C8, and L1 are forming 𝜋 -

matching [23]. 

In LNA, input matching is needed for maximum power 

transfer from the antenna to LNA, so 𝜋- matching is adapted. 

Small signal circuit of CS stage with 𝜋  -matching is shown 

below in fig. 2 [24]. 

 
FIG. 8  SMALL SIGNAL EQUIVALENT OF CS WITH PI-MATCHING  
(REPRODUCED FROM [24]) 

The input impedance is equal to 50Ω i.e., it is purely 

resistive at resonance. The Lg splits into L1 and L3, in the small 
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signal equivalent circuit, resonating with Cg and Cf (feedback 

capacitor). The input impedance is given by: 

Rin−π= (
1

ω0
2Cg

2Rf
) ≈ (

ω0
2L1

2

Rf
)                             (5) 

ωo is operating frequency (radians). 

The input capacitance is increased and because of Miller effect, 

the input and output terminals capacitance is amplified in the 

input stage of CS, hence reducing the gain. A CG transistor 

(M2) is inserted at the output of M1 as a current buffer, forming 

a cascode, to outdo this problem. This cascode configuration 

also increases the bandwidth of LNA. In the feed forward path, 

M4 acts as an auxiliary amplifier and nonlinear current is 

generated, and at the drain of M2, subtracts the current of M2. 

Therefore this is a single-ended LNA. At the drain of M2, main 

amplifier (M1, M2) and auxiliary amplifier (M4) currents are 

added in 180º. So, at the output, currents of the auxiliary 

amplifier and the main amplifier subtract from each other. 

Although the linearity is improved, but the gain is decreased. 

Hence, M3 is used to boost the gain [23]. 

 

III. SIMULATION RESULTS AND COMPARISON 

The LNA is simulated using Advanced Design Simulation 

(ADS) software. A maximum gain of 10.976 dB is provided by 

the low noise amplifier as shown in figure 5. 1.2 V supply 

voltage is required to operate this circuit.  A minimum noise 

figure of 10.26 dB and the third intercept point of -17.0dBm is 

achieved at the desired frequency (2.4 GHz) for the LNA. 

A. S-Parameters 

 

Fig. 9 Input return loss 

S11 (input reflection coefficient) represents how much power 

is reflected from the antenna 1. Therefore, it is also known as 

input return loss. It represents the measure of matching of the 

input impedance to the reference impedance. The input 

reflection coefficient (S11) for 2.4 GHz frequency is -5.562 dB 

as shown in figure 3. 

 

Fig. 10. Reverse transmission coefficient 

S12 (reverse transmission coefficient) is also, known as 

reverse isolation, it measures how much the input signal is 

reflected back. The reverse transmission coefficient (S12) at 2.4 

GHz frequency is -22.063 dB as shown in figure 4. 

 

                                 Fig. 11. Forward Gain 

S21 (forward transmission coefficient) is also, known as 

forward gain, it measures how well the signal goes from input 

to output. The forward transmission coefficient (S21) at 2.4 GHz 

frequency is 10.976 dB as shown in figure 5. 

 

                 Fig. 12. Output reflection coefficient 
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S22 (output reflection coefficient) represents power reflected 

from antenna 2. Also, known as output return loss, it represents 

the measure of matching of the output impedance to load 

impedance. The output reflection coefficient (S22) at the 2.4 

GHz frequency is -8.707 dB as shown in figure 6. 

B. Noise Figure 

 

Fig. 13 Noise figure 

The noise performance of device at high frequency is 

indicated by NF. The minimum NF of 10.26 dB has been 

obtained at 2.4 GHz, as shown in figure 7. 

 

C. Third order intercept point 

 

Fig. 14. Third order intercept point 

LNA along with amplification of signal and good noise 
performance, should be linear even when the signal is strong. 
Hence, during designing of LNA, linearity is an important 
consideration. The third order intercept point (IIP3) is the most 
typical measure of linearity [26]. The third intercept point is 
illustrated in figure 8 that was achieved at 17.0 dBm, showing 
that the LNA achieves good gain and noise performance 
without affecting its linearity. In fact, the linearity of the LNA 
is quite high. 

D. Stability 

 

Fig. 9 Stability 

At K1 > 1, the designed circuit is stable unconditionally, and 

the stability factor is defined as: 

K1=
1−|S11|2−|S22|2+|∆|2

2|S12S21|
 

where,    ∆= |𝑆11𝑆22 − 𝑆12𝑆21| 
The decrease in the absolute value of S12 is observed when 

input and output matching is good and hence, stability factor 

K1 increases. The designed LNA is stable unconditionally, as 

shown in figure 9. 

 
TABLE 2. COMPARISON OF  REPORTED SINGLE ENDED CMOS LNAS          

WITH CURRENT LNA DESIGN 

Ref. No. [24] [21] [26] This work 

Technology 
(µm) 

0.18 0.13 0.13 0.13 

S11 (dB) -13.9 -26.9 -27.63 -5.562 

S21 (dB) 20.98 23.9 18.56  10.976 

NF (dB) 4.2 5.6 1.85 10.26 

IP3 (dBm) -5.17 -5.8 -7.75 17.0 

Frequency 
(GHz) 

2.4 2.4 2.4 2.4 

Supply (V) 1 1.2 1.2 1.2 

 

From table II, it can be observed that compared to 0.18µm 

technology LNA, gain of the designed LNA is moderately 

reduced but linearity is highly increased. Also, the noise figure 

of the circuit degrades. Among 0.13µm technology LNAs, the 

linearity of our designed LNA has increased significantly. 

Although, gain and linearity are two opposite parameters and 

hence, are difficult to balance; gain will be degraded 

automatically while trying to improve the linearity and vice 

versa [23]. Still we are able to obtain moderate gain (10dB) 

along with high linearity (17dBm), as compared to other 

0.13µm technology LNAs. 
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IV. CONCLUSION  

This paper describes the design of a single-ended CMOS 

LNA with 0.13µm technology, operating at 2.4 GHz. As 

compared to the already reported LNAs designed using the 

technology of 0.13µm, the designed LNA’s linearity is 

increased substantially. High third intercept point and moderate 

value of gain are achieved by making use of 𝜋 -matching 

network (to realize the input matching).  
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Abstract— A high gain, high linearity and low noise figure 

inductively degenerated cascode CMOS LNA with feedforward 

distortion cancellation (FDC) technique has been fabricated in this 

paper using 0.13µm CMOS technology. The low noise is optimized 

for working in the 2.4 GHz frequency band range. The inductive 

degeneration topology with pi-matched input and using FDC 

technique provides low noise figure, very high gain and high IIP3. 

Advanced Design System (ADS) software is used for simulation. 

The fabricated LNA uses 1.2V supply voltage and it exhibits a gain 

of 23.032 dB, noise figure of 0.988 dB, input reflection coefficient 

(S11) of -9.403 dB, reverse gain (S12) of -21.732 dB and an IIP3 of 

14.  

Index Terms—ADS (Advanced Design Simulation Software); 

LNA (Low Noise Amplifier); FDC (Feedforward Distortion 

Cancellation); NMOS (N-Type MOSFET), CMOS 

(Complementary MOSFET); Inductively degenerated cascode; 

IIP3 (Third order intercept point); 

I.   INTRODUCTION 

Low-noise amplifier (LNA) is the first stage of receiver and 

is an important component of wireless telecommunication 

systems [1] [2]. Firstly, its main function is to overcome the 

noise of subsequent stages (such as mixers) by providing enough 

gain, i.e., it should have high gain. Secondly, minimize the effect 

of the overall noise performance by adding as little noise as 

possible, i.e., it should have low noise figure itself. Thirdly, large 

signals should be accommodated without distortion by an LNA, 

i.e., it should provide good linearity. A specific impedance of 50 

ohms must be provided by LNA to the input source and output 

load. Also, low power consumption should be there especially 

in portable systems [3]. However, LNA design consists of trade-

offs between gain, noise figure, linearity, input and output 

matching, and power consumption. Also, there is also a constant 

desire of keeping the size of the communication devices and the 

power consumption to as minimum as possible. Fortunately 

because of advancements in integrated circuit (IC) technology, 

low-cost and compact implementation is possible [4]. One of the 

widely used LNA topology to optimize circuit performance is 

conventional cascode topology. The common source (CS) stage 

and common gate (CG) stage are connected in series in cascode 

configuration [5]. It offers high gain and low DC power 

consumption since its two gain stages have same DC path and 

also, common gate stage provides good isolation and common 

source stage provides better noise figure, but fails to deliver the 

linearity required by the system [6]. 

LNA design where common source transistor in cascode 

topology employs inductive degeneration technique is used to 

fulfill this requirement. The proposed schematic of inductive 

degeneration topology is shown in figure 1. 

 

 
Fig. 1 Proposed Inductively-Degenerated CMOS cascode LNA  

The transistor and degeneration inductor combination 

provides input matching. The impedance at the input is given by: 

                      Zin=𝑠(𝐿𝑔 + 𝐿𝑠) +
1

(𝑆𝐶𝑔𝑠)
+

𝑔𝑚𝐿𝑠

𝐶𝑔𝑠
                        (1) 

where,  

         Input resistance= Rin=𝑅𝑒[𝑍𝑖𝑛] =
𝑔𝑚𝐿𝑠

𝐶𝑔𝑠
                        (2) 
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Gain of LNA is given by: 

                             
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=

−𝑔𝑚𝑠𝐿𝑑

1−𝜔2𝐶𝑔𝑠(𝐿𝑔+𝐿𝑠)+𝑠𝐿𝑠𝑔𝑚
                      (3) 

Also, at resonant frequency, 

                               𝜔2 = (𝐿𝑔 + 𝐿𝑠)𝐶𝑔𝑠 = 1                             (4) 

Therefore, by substituting (4) in (3) 

                           
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=  

−𝑔𝑚𝑠𝐿𝑑

𝑠𝐿𝑠𝑔𝑚
=

−𝐿𝑑

𝐿𝑠
                                      (5) 

Hence, the ratio of inductor at drain to inductor at source is 

the gain. So far, most of the distortion cancelling LNA, to 

overload main circuit, employ complex architecture (as reported) 

which requires large area and additional components, and hence 

consumes more power [7][8]. A simple feed forward distortion 

cancellation (FDC) technique is used which uses a simple 

capacitor and diode connected transistor without any additional 

DC path to improve linearity, without degrading noise figure 

(NF) and input matching; FDC uses additional path, to improve 

linearity, by generating distortion which cancels initial LNA’s 

distortion [9]. However, linearity and gain are two opposite 

poles which are difficult to balance as while improving gain, 

linearity gets degraded and vice versa. So, pi-matching is used 

to enhance the forward gain of LNA by providing additional 

degree of freedom [10].  

 

II. CIRCUIT DESIGN 

Figure 1, presents the proposed LNA having basic cascode 

structure comprising of M2 in common source amplifier 

configuration and M3 in common gate amplifier configuration. 

However, due to capacitance amplification between the input 

and output terminals, the equivalent input capacitance of an 

inverting voltage amplifier increases. The main reason for the 

low gain is Miller effect. Therefore, a common gate transistor 

(M2) is used as a current buffer at the output of M3 to overcome 

this problem. So, the cascode configuration is used to increase 

the reverse isolation of the circuit and provide high gain by 

reducing Miller effect.  Furthermore, R4 and L4 serve as cascode 

stage (M2-M3) load. The feed-forward distortion cancellation is 

provided by the diode connected NMOS transistor (M4) based 

on weak inversion region and capacitor C4, to improve linearity. 

At the gate of M3, the M4 transistor senses the signal and at the 

cascode pair output, the M4 transistor generates the negative 

third order non-linearity coefficient. Hence, cancelling the 

distortion generated by the cascode pair which is positive third 

order non-linearity coefficient as the M2 and M3 transistor are 

based on strong inversion region. To maintain DC voltage at the 

drain of M2, C4 is used. So, basically C4 is a blocking capacitor. 

Pi-matching network formed by C1, L1 and C2 is used to obtain 

input impedance matching while R5, L5 and C6 are used to 

obtain output matching. The M5 transistor is a common source 

stage which along with the load facilitates output matching and 

also increases the gain of the LNA further. R5-L5 serve as the 

load M5. The schematic of the proposed circuit in ADS is shown 

in figure 2. 

 

FIG. 2 SCHEMATIC OF PROPOSED CIRCUIT IN ADS 

III. SIMULATION AND RESULTS 

Simulations of the LNA for 0.13 um CMOS process were 

performed using ADS. The low noise amplifier provides a gain 

(S21) of 23.023 dB as shown in figure 5. The input reflection 

coefficient (S11) is -9.403 dB as shown in figure 3 and the output 

reflection coefficient (S22) is -4.730 dB as shown in figure 6. 

The circuit operation requires 1.2 V power supply. The value of 

reverse isolation (S12) as shown in figure 4 is –21.732 dB and a 

minimum noise figure of 0.988 dB is obtained as shown in figure 

7. The simulated IIP3 result is shown in figure 8, and IIP3 of 14 

dBm is obtained. From the result, it can be concluded that very 

high gain and a high linearity with low noise figure have been 

achieved. The simulated amplifier’s characteristics summary is 

presented in Table I. From Table I, compared with other LNA’s, 

the performance of our proposed CMOS LNA is much better as 

it has the best reported value of NF and linearity at 2.4GHz. 
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Fig. 3 Input Reflection Coefficient (S11) 

S11 (input reflection coefficient) represents how much 

power is reflected from the antenna 1. Therefore, it is also known 

as input return loss. It represents the measure of matching of the 

input impedance to the reference impedance. For 2.4 GHz, as 

shown in figure 3, the value of S11 is -9.408 dB. Since, the value 

of input reflection coefficient is less than -9 dB, the input 

impedance is approximately matched to 50 Ω impedance. 

 

 

Fig. 4 Reverse Gain/ Reverse Isolation (S12) 

S12 (reverse transmission coefficient) represents power 

received at antenna 1 relative to power input at antenna 2. Also, 

known as reverse isolation, it measures how much the input 

signal is reflected back. For 2.4 GHz, as shown in figure 4, the 

value of S12 is -21.732 dB indicating that a very high isolation 

is present between the input and the output. 

 

Fig. 5 Forward Gain (S21) 

S21 (forward transmission coefficient) represents power 

received at antenna 2 relative to power input at antenna 1. Also, 

known as forward gain, it measures how well the signal goes 

from input to output. For 2.4 GHz, as shown in figure 5, the 

value of S21 is 23.032 dB. Therefore, a high output voltage is 

obtained even for a small value of input voltage.  

 

 
Fig. 6 Output Reflection Coefficient (S22)  

S22 (output reflection coefficient) represents power 

reflected from antenna 2. Also, known as output return loss, it 

represents the measure of matching of the output impedance to 

load impedance. For 2.4 GHz, as shown in figure 6, the value of 

S22 is -4.730 dB indicating that a considerable matching of the 

output impedance to 50 Ω is obtained.  
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Fig. 7 Noise Figure (NF) 

The noise performance of device at high frequency is 

indicated by noise figure. The minimum noise figure of 0.988 

dB has been obtained at 2.4 GHz, as shown in figure 7. This 

value indicates that the noise performance of the circuit is very 

high as the value of noise figure of the circuit is very low. 

 

 
Fig. 8 IIP3 

LNA along with amplification of signal and good noise 
performance, should be linear even when the signal is strong. 
Hence, during designing of LNA, linearity is an important 
consideration. The third order intercept point (IIP3) is the most 
typical measure of linearity [11]. The third intercept point is 
illustrated in figure 8 that was achieved at 14.0 dBm, showing 
that the LNA achieves good gain and noise performance 

without affecting its linearity. In fact, the linearity of the LNA 
is quite high. 

TABLE II.  COMPARISON OF DIFFERENT CMOS LNAS 

 

[12] [13] [14] This Work 

Frequency (GHz) 2.4 
2.44 

2.45 2.4 

Technology  

(µm) 
0.13 

0.13 
0.13 0.13 

Supply (V) 1.5 1.2 1 1.2 

Gain (dB) 10 23 18.5 23.032 

Noise Figure 

(dB) 
1.66 

3 
4.38 0.988 

IIP3 (dBm) 11.1 
-11.5 

0.7 14 

 

From table I, it can be concluded that for 2.4 GHz frequency 

using 0.13µm CMOS technology, compared to other 0.13 µm 

CMOS LNAs operating at 2.4 GHz, the designed LNA has least 

noise figure of value 0.988 dB and maximum linearity of value 

14 dBm, with a good value of gain (23.032 dB). So, our designed 

LNA is much better as compared to other LNAs at 2.4 GHz.  

IV.   CONCLUSION 

In this paper, a 2.4 GHz CMOS LNA for IEEE 802.15.4 

ZigBee standard is proposed. A conventional cascode common 

source inductive degeneration topology is used in designing of 

the low noise amplifier along with extremely simple feed 

forward cancellation technique to improve the linearity of the 

circuit. The measurement results of the proposed low noise 

amplifier is given in table I and is compared with the other low 

noise amplifier operating at 2.4 GHz frequency. Good noise 

figure value of 0.988 dB and high linearity of 14 dBm is 

achieved which shows that the proposed circuit has good 

stability as obtained at 1.2V power supply. Also, a high gain 

value of 23.032 dB is obtained.  
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Abstract—A shunt resistive feedback CMOS low noise 

amplifier (LNA) using a pi-matching network has been fabricated 

in this paper using 0.13µm CMOS technology. The low noise 

amplifier is optimized for working in the 2.4 GHz frequency band 

range. The shunt resistive feedback topology with pi-matched 

input provides low noise figure, moderate gain and high linearity. 

Advanced Design System (ADS) software is used for simulation. 

The fabricated LNA uses 1.2V supply voltage and it exhibits a gain 

of 15.417 dB, noise figure of 1.182 dB, input reflection coefficient 

(S11) of -9.170 dB, reverse gain (S12) of -18.909 dB and an IIP3 of 8 

dBm. 

Index Terms—Advanced Design Simulation (ADS) Software, 

Low Noise Amplifier (LNA), Complementary MOSFET (CMOS), 

Common Source (CS), Common Gate (CG), Noise Figure (NF), 

Resistive Feedback.  

I. INTRODUCTION 

The demand for highly integrated radio frequency circuits 

having low noise, high gain and low power dissipation is 

increasing due to tremendous growth of wireless 

communication technology. An important block of RF 

receivers is Low noise amplifier (LNA) which is also the first 

block of RF receiver [1]. The signal received by the antenna is 

very small. So, it is important to amplify the signal as much as 

possible without noise addition and also; attaining good 

linearity, high gain and low power consumption at the same 

time [2][3]. For designing of LNA, the most optimum tradeoff 

between various parameters has to be achieved. Also, the size 

of communication devices and power consumption should be as 

minimum as possible, which is possible nowadays because of 

advancements in integrated circuit (IC) technology [4].  

Many structures have been developed for wideband CMOS 

LNA to achieve desired values of parameters, in which the first 

stage of LNA is common source or common gate configuration. 

Common gate configuration is commonly used as compared to 

inductively degenerated common source configuration for 

wideband application because the input matching network has 

low value of quality factor and hence, leading to good wideband 

input matching [5][6], low power consumption and less reverse 

transmission and high linearity. However, the transconductance 

of the input transistor is limited because of low noise 

performance. So, an alternate and most widely used topology 

for wideband application is the shunt resistive feedback 

topology. Flat gain and input impedance matching is provided 

by resistive feedback [7].  The proposed common-source 

cascode amplifier using shunt feedback topology is shown in 

figure 1. The advantage of high gain and wide bandwidth, of 

the cascode is utilized by this amplifier; and more stability in 

wide band application is obtained due to shunt resistive 

feedback [8]. 

 

Fig. 15 Proposed Common Source Shunt Resistive Feedback CMOS LNA 

The impedance at the input is given by [9]: 

       𝑍𝐼𝑁 = 𝑠𝐿𝐺 + [
1

𝑠𝐶𝑔𝑠

// 
𝑅𝑓 +  𝑅𝐿

1 + 𝑔𝑚𝑅𝑙

] 

       = 𝑠𝐿𝐺 + 
1

𝑠𝐶𝑔𝑠(1+ 
1

𝑄𝐿
2)

+
𝑅𝑓+𝑅𝐿

(1+𝑔𝑚𝑅𝐿)(1+𝑄𝐿
2)

     

At resonant frequency (ωo), 

                  𝑍𝐼𝑁 =
𝑅𝑓+𝑅𝐿

(1+𝑔𝑚𝑅𝐿)(1+𝑄𝐿
2)

                                    (1) 
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where, 

                    𝑄𝐿 =  
𝜔𝑜𝐿𝐺

𝑅𝑠
                                                    (2) 

 The noise factor for the proposed LNA topology is 

𝐹 = 1 +
𝛾

𝛼
 [

1

𝑔𝑚𝑅𝑠
+ 2|𝑐|√

𝛼2𝛿

5𝛾
(

𝜔𝑜

𝜔𝑇
) +

𝛼2𝛿

5𝛾
𝑔𝑚𝑅𝑠 (

𝜔𝑜

𝜔𝑇
)

2

]           (4)  

Linearity and gain are two opposite poles which are difficult to 

balance as while improving gain, linearity gets degraded and 

vice versa. So, pi-matching is used to enhance the forward gain 

of LNA, by providing additional degree of freedom [10]. 

 

II. CIRCUIT DESIGN 

The schematic for the proposed low noise amplifier 

topology is shown in figure 2. This is a very simple low noise 

amplifier topology making it suitable for low cost LNA 

applications (ideally). The first stage consists of two transistors, 

one is a common source stage and other is a common gate stage. 

The two transistors are connected in cascode configuration. 

Although, the gain of the common source stage is not large in 

cascaded configuration, but its benefit is that it has negligible 

Miller effect on M1 transistor. Here, R1 is used as the feedback 

resistor and C3 is used as the blocking capacitor. The feedback 

resistor is placed in shunt to achieve broadband matching of 

input and also to get negative feedback so as to improve 

stability factor, that provides unconditional stability of the 

amplifier and reduces the gain sensitivity. L4 and C4 serve as 

cascode stage loading elements, formed by the inductor in 

parallel with a capacitor. The second stage is a source follower 

stage which is used to extend the bandwidth further and to 

achieve high gain. This stage also provides matching of the 

output impedance. L1, C1 and C2 form pi – matching network 

which is used at input to improve linearity of the circuit and to 

achieve input impedance matching. 

 

 

Fig. 16 Schematic of proposed circuit in ADS 

III. SIMULATION AND RESULTS 

Simulations of the proposed LNA for 0.13 um CMOS 

process were performed using ADS. The low noise amplifier 

provides a gain (S21) of 15.417 dB as shown in figure 5. The 

input reflection coefficient (S11) is -9.170 dB as shown in 

figure 3 and the output reflection coefficient (S22) is -6.024 dB 

as shown in figure 6. The circuit operation requires 1.2 V power 

supply. The value of reverse isolation (S12) as shown in figure 

4 is –18.909 dB and a minimum noise figure of 1.182 dB is 

obtained as shown in figure 7. The simulated IIP3 result is 

shown in figure 8, and IIP3 of 8 dBm is obtained. From the 

result, it can be concluded that very high gain and a high 

linearity with low noise figure have been achieved. The 

simulated amplifier’s characteristics summary is presented in 

Table I. From Table I, compared with other LNA’s, the 

performance of our proposed CMOS LNA is much better as it 

has the best reported value of NF at 2.4GHz. 
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Fig. 3 Input Reflection Coefficient (S11) 

S11 (input reflection coefficient) represents how much 

power is reflected from the antenna 1. Therefore, it is also 

known as input return loss. It represents the measure of 

matching of the input impedance to the reference impedance. 

For 2.4 GHz, as shown in figure 3, the value of S11 is -9.170 

dB. 

 

 
Fig. 4 Reverse Gain/ Reverse Isolation (S12) 

 

S12 (reverse transmission coefficient) represents power 

received at antenna 1 relative to power input at antenna 2. Also, 

known as reverse isolation, it measures how much the input 

signal is reflected back. For 2.4 GHz, as shown in figure 4, the 

value of S12 is -18.909 dB. 

 

Fig. 5 Forward Gain (S21) 

S21 (forward transmission coefficient) represents power 

received at antenna 2 relative to power input at antenna 1. Also, 

known as forward gain, it measures how well the signal goes 

from input to output. For 2.4 GHz, as shown in figure 5, the 

value of S21 is 15.417 dB. 

 

 

 

 
Fig. 6 Output Reflection Coefficient (S22)  

S22 (output reflection coefficient) represents power 

reflected from antenna 2. Also, known as output return loss, it 

represents the measure of matching of the output impedance to 

load impedance. For 2.4 GHz, as shown in figure 6, the value 

of S22 is -6.204 dB. 
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Fig. 7 Noise Figure (NF) 

The noise performance of device at high frequency is 

indicated by noise figure. The minimum noise figure of 1.182 

dB has been obtained at 2.4 GHz, as shown in figure 7. 

 

 

Fig. 8 IIP3 

LNA along with amplification of signal and good noise 

performance, should be linear even when the signal is strong. 

Hence, during designing of LNA, linearity is an important 

consideration. The third order intercept point (IIP3) is the most 

typical measure of linearity [11]. The third intercept point is 

illustrated in figure 8 that was achieved at 8.0 dBm, showing 

that the LNA achieves good gain and noise performance 

without affecting its linearity. In fact, the linearity of the LNA 

is quite high. 

 

 

 

 

 

 

TABLE I. COMPARISON OF DIFFERENT CMOS LNAS 

 [9] [12] This Work 

Frequency (GHz) 2.4 3.4 2.4 

Technology  (µm) 0.13 0.13 0.13 

Supply (V) 1.2 1.2 1.2 

Gain (dB) 28.3 20.8 15.417 

Noise Figure (dB) 

 

2.0 

 

2.2 

 

1.182 

IIP3 (dBm) 

 

-22.4 

 

-11.5 

 

8 

 

From the table I, it can be concluded that for 2.4GHz 

frequency at 0.13µm technology, compared to other LNAs, the 

designed LNA has least noise figure (of value 1.182 dB) and 

maximum linearity (of value 8 dBm), with a good value of gain 

(15.417 dB). So, our designed LNA, in terms of linearity and 

noise, is much better as compared to other reported LNAs at 2.4 

GHz.  

IV. CONCLUSION 

In this paper, a 2.4GHz CMOS LNA for IEEE 802.15.4 

ZigBee standard is proposed. Good noise figure value of 1.182 

dB and high linearity of 8 dBm is achieved which shows that the 

proposed circuit has good stability, as obtained at 1.2V power 

supply. Also, a reasonably good gain value of 15.417 dB is 

obtained.  
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Abstract— A high linearity and low input reflection coefficient 

(<-10 dB) common gate CMOS LNA has been fabricated in this 

paper using 0.13µm CMOS technology. The low noise amplifier is 

optimized for working in the 2.4 GHz frequency band range. The 

common gate topology with pi-matched input provides high IIP3 

and best input matching characteristics. Advanced Design System 

(ADS) software is used for simulation. The fabricated LNA uses 

1.2V supply voltage and it exhibits a linearity of 12 dBm, input 

reflection coefficient (S11) of -26.894 dB, reverse gain (S12) of -

18.604 dB, noise figure of 3.513 dB, and gain of 7.526. 

Index Terms— ADS (Advanced Design Simulation) Software; 

LNA (Low Noise Amplifier); CMOS (Complementary MOSFET); 

Common Gate (CG); Noise Figure (NF), IIP3 (Third order 

intercept point) 

I. INTRODUCTION 

The front-end of wireless communication receivers are 

becoming sophisticated day-by-day as they employ complex 

functionalities and provide high flexibility, which is demanded 

by the consumers and moreover, the standards are continuously 

evolving. The major block present in the front end of the RF 

receiver is the low noise amplifier (LNA). The performance of 

low noise amplifier affects the performance of complete RF 

receiver system as by knowing the specification of low noise 

amplifier, we can estimate the overall noise performance of 

wireless receivers [1]. In the receiver, the noise figure of the 

stages following low noise amplifier is decreased when the low 

noise amplifier has high gain and low noise figure. Hence, low 

noise amplifier’s important characteristics is to amplify the 

received signal without adding internal noise. However, due to 

constant demand of reduction in the sizes of devices and low 

supply voltage, it is difficult to achieve low noise figure at 

advanced technology while having linearity, as dictated by 

wireless standards. Also, specifications of low noise amplifier 

such as noise figure, linearity, gain and input matching trade 

amongst each other [2]. Low noise amplifiers are used in variety 

of applications. RF communication systems, two way radio, 

personal digital assistant (PDA) and laptops etc., are some of 

the examples in which low noise amplifiers are used. The 

inductively degenerated common-source (CS) low noise 

amplifier topology is commonly used for narrowband 

applications as higher gain and lower noise figure is provided 

by this topology but it is difficult to achieve impedance 

matching at the input when compared to common gate (CG) low 

noise amplifier topology, below 10 GHz. Moreover, the number 

of inductors required by inductively degenerated common 

source LNA topology (4 or 6 for differential amplifier) is more 

as compared to common gate low noise amplifier topology. 

Hence, area on chip occupied by inductively degenerated 

common source low noise amplifier topology is more [3] [4]. 

Therefore, the common gate (CG) low noise amplifier topology 

has been proposed in this paper and proposed circuit as shown 

in figure 1, is utilized for input matching. However, due to 

impedance matching constraint, common gate low noise 

amplifier has low gain and high noise figure [5] [6].  

 

Fig. 1 Proposed Common Gate CMOS LNA  

In conventional common gate (CG) low noise amplifier 

topology, the transconductance of the main transistor should be 

inverse of source resistance i.e. 1/gm = Rs, for input matching. 

For the entire frequency range of operation, this condition 

should hold true.  

The transconductance of short channel devices is given by 

[7]: 

                        𝑔𝑚 =  [
µ𝐶𝑜𝑥

2
] ∗ [

𝑊

𝐿
] ∗ [

1

𝜃
]                            (1) 

where, 
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W and L are the channel width and length of main transistor 

respectively, and θ is a fitting parameter.  

From equation (1), it can be observed that the transconductance 

(gm) of main transistor is independent of biasing current [7]. 

Therefore, channel width of main transistor (W) depends on the 

technology and its value is given by: 

 

                        𝑊0𝑝𝑡 =  [
2

µ𝐶𝑜𝑥
] ∗ [𝜃 ∗ 𝐿 ∗ 𝑔𝑚]                       (2) 

 

Since, linearity and gain are two opposite poles which are 

difficult to balance, as while improving gain, linearity gets 

degraded and vice versa. So, pi-matching is used to enhance the 

forward gain of LNA by providing additional degree of freedom 

[8]. 

    

II. CIRCUIT DESIGN 

The complementary MOS (CMOS) transistor is used in low 

noise amplifiers because of its good characteristics. High 

immunity against noise and static power are two of the 

important characteristics of CMOS transistors. The internal 

structure of CMOS contains a NMOS and PMOS transistor in 

series. So, the power is drawn by the series combination 

momentarily when there is switching between ON and OFF 

states, because one of the transistor in the series connection is 

always OFF. Hence, the heat produced by CMOS devices is less 

as compared to other logic families such as transistor transistor 

logic (TTL), NMOS, etc.  

The proposed LNA consists of common gate and common 

source stages, of which at the first stage, for the input matching, 

the common gate topology is adopted. Parallel resonance is 

present instead of series resonance for the input matching of 

common gate amplifier. The quality factor (Q) of common gate 

amplifier is given as [9]: 

 

                                        𝑄𝐶𝐺 = 𝜔𝑜
𝐶𝑔𝑠

𝑔𝑚
                                  (3) 

where,  

                                           𝜔0 =
1

𝐿𝑠𝐶𝑔𝑠
                                  (4) 

 

However, the power gain of common gate amplifier is lower 

than common source amplifier. So, a common source amplifier 

is used in second stage of our circuit to compensate for the 

power gain. To ensure that the circuit is optimized, the LC tank 

circuit is matched for the center frequency.  To block RF current 

leakage to ground, inductor L2 is used. As compared to 

common source amplifier, the value of L2 for common gate 

amplifier is higher. C1, L1 and C2 form pi-matching network at 

input and C5 is the DC blocking capacitor. 

 

 
Fig 2. Schematic of Proposed Common Gate LNA 

III. SIMULATION AND RESULTS 

Simulations of the proposed LNA for 0.13 um CMOS process 

were performed using ADS. The low noise amplifier provides 

a gain (S21) of 7.526 dB as shown in figure 5. The input 

reflection coefficient (S11) is -26.894 dB as shown in figure 3 

and the output reflection coefficient (S22) is -12.246 dB as 

shown in figure 6. The circuit operation requires 1.2 V power 

supply. The value of reverse isolation (S12), as shown in figure 

4, is –18.604 dB and a minimum noise figure of 3.513 dB is 

obtained as shown in figure 7. The simulated IIP3 result is 

shown in figure 8, and IIP3 of 12 dBm is obtained. From the 

result, it can be concluded that high linearity and good input 

matching have been achieved. The simulated amplifier’s 

characteristics summary is presented in Table I. From Table I, 

compared with other LNA’s, the performance of our proposed 

CMOS LNA is much better it terms of linearity and input 

matching, as it has the best reported value of linearity and input 

reflection coefficient at 2.4GHz. 
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                            Fig. 3 Input Reflection Coefficient (S11) 

S11 (input reflection coefficient) represents how much power 

is reflected from the input antenna. Therefore, it is also known 

as input return loss. It represents the measure of matching of the 

input impedance to the reference impedance. For 2.4 GHz, as 

shown in figure 3, the value of S11 is -26.894 dB. 

 

     
                      Fig. 4 Reverse Gain/ Reverse Isolation (S12) 

S12 (reverse transmission coefficient) represents power 

received at input antenna relative to power input at output 

antenna. Also, known as reverse isolation, it measures how 

much the input signal is reflected back. For 2.4 GHz, as shown 

in figure 4, the value of S12 is -18.604 dB. 

 

 

                Fig. 5 Forward Gain (S21) 

S21 (forward transmission coefficient) represents power 

received at output antenna relative to power input at input 

antenna. Also known as forward gain, it measures how well the 

signal goes from input to output. For 2.4 GHz, as shown in 

figure 5, the value of S21 is 7.526 dB. 

 

 

           Fig. 6 Output Reflection Coefficient (S22)  

S22 (output reflection coefficient) represents power reflected 

from output antenna. Also known as output return loss, it 

represents the measure of matching of the output impedance to 

load impedance. For 2.4 GHz, as shown in figure 6, the value 

of S22 is -12.246 dB. 
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           Fig. 7 Noise Figure (NF) 

The noise performance of device at high frequency is 

indicated by noise figure. The minimum noise figure of 3.513 

dB has been obtained at 2.4 GHz, as shown in figure 7. 

 

 

Fig. 8 IIP3 

LNA along with amplification of signal and good noise 

performance, should also exhibit linearity, even when the signal 

is strong. Hence, during designing of LNA, linearity is an 

important consideration. The third order intercept point (IIP3) 

is the most typical measure of linearity [8]. The third intercept 

point is illustrated in figure 8 that was achieved at 12.0 dBm, 

showing that the LNA achieves good gain and noise 

performance without affecting its linearity. In fact, the linearity 

of the LNA is quite high. 

 

 

 

 

 

 

TABLE I. COMPARISON OF DIFFERENT CMOS LNAS 

 

 [10] [11] This Work 

Frequency (GHz) 2.44 2.1 2.4 

Technology  (µm) 0.18 0.13 0.13 

Supply (V) 1.8 1.2 1.2 

Input reflection 
coefficient  (dB) 

-16.7 -14 -26.894 

Gain (dB) -2 ~ 12.5 5.2 7.526 

Noise Figure (dB) 3.9 3 3.513 

IIP3 (dBm) 
-1 10.5 12 

 

From table I, it can be concluded that for 2.4GHz frequency 

at 0.13µm technology, compared to other LNAs, our designed 

LNA has higher linearity, better noise performance and high 

input impedance matching. So, our designed LNA is much 

better in terms of linearity and input impedance matching as 

compared to other LNAs at 2.4 GHz.  

IV. CONCLUSION 

In this paper, a 2.4GHz CMOS LNA using common gate 

topology for IEEE 802.15.4 ZigBee standard is proposed. Best 

matching at input is achieved as the value of input refection 

coefficient (S11) is -26 dB (< -10 dB), because a common gate 

amplifier is used at input stage, and maximum linearity of 12 

dBm is obtained due to pi-matching circuit used at input, at 

1.2V power supply.  
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Abstract— We have designed common source cascode low noise 

amplifier with feedforward distortion cancellation, common 

source inductive degeneration low noise amplifier, common source 

inductive degeneration low noise amplifier with feedforward 

distortion cancellation, common source shunt resistive feedback 

low noise amplifier, common gate low noise amplifier in this paper 

using 0.13um CMOS technology. The low noise amplifier has been 

optimized for working in the 2.4 GHz band. All the above low noise 

amplifiers are having pi-matching at input for improving gain. 

Advanced Design System (ADS) software is used for simulation. 

The fabricated low noise amplifiers use 1.2V supply voltage. The 

performance target is to achieve high gain and low noise figure 

without degrading the overall linearity 

Index Terms— Advanced Design Simulation (ADS) software, 

Low Noise Amplifier (LNA), Cascode, Common Gate (CG), 

Feedforward Cancellation (FDC), Common Source (CS), 

Inductively Degenerated Cascode, Shunt Resistive Feedback, 

Third Order Intercept Point (IIP3), Noise Figure (NF) 

I. INTRODUCTION 

Nowadays, RF transceivers which utilize low-power and 

have good noise performance are in great demand for operating 

in ISM band; and significant developments in this domain have 

been possible due to advancements in wireless sensor networks 

(WSN) [1]. It is now possible to integrate all elements of RF 

transceiver on a single chip, because of the rapid advancement 

and acceleration in scaling of CMOS and in the designing 

techniques of RF CMOS circuits in the past few years. Moreover, 

to implement all the necessary RF functions for existing and 

emerging ISM band applications, inexpensive CMOS 

technologies can be successfully used [2]. However, the 

transmitter and receiver comprising communication systems 

will not only experience attenuation but will also experience the 

interference at the receiver end. Hence, the operation of the 

demodulator circuit, is hindered, making it necessary to increase 

the signal strength before it is fed into the demodulator circuit, 

but the desired signal along with the noise is also amplified by 

the amplifier. Therefore, it is important to use amplifier which 

adds as minimum noise as possible and such type of amplifier is 

called low noise amplifier (LNA). The low noise amplifier is 

therefore, the first active and also, an essential block in the 

receiver chain of communication system [3][4][5]. It is used at 

the front end of the receiver, is connected directly to the antenna 

and the noise performance of low noise amplifier directly 

impacts the overall noise performance of the receiver. Crucial 

design specification i.e., noise figure (NF) has trade-offs with 

other design specifications such as gain, power consumption and 

third order intercept point (IIP3). So, LNA design consists of 

trade-offs between gain, noise figure, linearity, input and output 

matching, and power consumption. However, to achieve good 

overall system performance, several desired parameters are 

required such as low power consumption, high gain, high third 

order intercept point, low noise figure and good input and output 

impedance matching. 

Combination of three stages form low noise amplifier [6][7]: 

 

Fig. 3 Basic Components of Amplifier with input/output of amplifier (two-

port network) 

Where,  

Гs is reflection coefficient of source of two-port network , ГL is 

reflection coefficient of load of two-port network, Гin is 

reflection coefficient at input of the amplifier and Гout is 

reflection coefficient at output of amplifier 

 

A. Input matching network. 

The input matching network is present so that the input return 

loss or input reflection coefficient (S11) is minimum without 

additional noise introduction. The ideal value of the input 

impedance is infinite if the low noise amplifier is considered as 

voltage amplifier. So, to obtain minimum noise figure, a 

transformation network is required before low noise amplifier, 

if viewed from noise point of view while conjugate matching 

between antenna and low noise amplifier is required, if viewed 

from signal point of view. Each of the above choices has its own 

advantages and disadvantages however, the latter is commonly 

used in today’s systems. Therefore, LNA is designed such that 

it has input impedance equal to 50Ω resistance. 

The LNA is designed to make gain and linearity as high as 

possible and make noise figure as low as possible. However, 
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gain and linearity are the two parameters which are poles apart 

and it is difficult to balance them i.e., gain will be affected while 

trying to improve the linearity and vice versa [8][9]. Gain is 

enhanced in Pi-matching when compared to T-matching. So, in 

order to obtain reasonable linearity at low power, pi-matching is 

used and hence, is adopted in this paper. 

 

B. Main amplifier section 

Amplifier section ensures maximum gain and linearity and 

also, minimum noise figure and power consumption. It also 

provides input impedance matching at the same time. 

1) Power Gain 

In figure 1, the input/output power gain of low noise 

amplifier i.e. a two port network is shown. Power gain is 

defined as the ratio of the power dissipated in the load i.e., 

output power to the power supplied to the amplifier i.e., 

input power. The power gain mathematically, can be 

expressed as: 

                       𝐺 =
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
                                                         (1) 

                      𝐺 =
(1−|Г𝐿|2)|𝑆21|2

(1−𝑆22|Г𝐿|2)(1−|Г𝐿|2)
                                   (2) 

 

2) Noise Figure 

Noise Figure is the ratio of the signal to noise ratio of 

the input port to that of output port and is larger than 1 dB 

and is given by: 

                          𝑁𝐹 =  
𝑆𝑁𝑅𝑜𝑢𝑡

𝑆𝑁𝑅𝑖𝑛
                                            (3) 

For the single-stage amplifier, its noise figure is seen as 

follows: 

                          𝐹 =  𝐹𝑚𝑖𝑛 +  
4𝑟𝑛|Г𝑆−Г𝑜𝑝𝑡|

(1−|Г𝑆|2)|1+Г𝑜𝑝𝑡|
2                      (4) 

In the formula, Fmin is the minimum noise figure. Гopt, 

rn and Гs are the best source reflection coefficient, the 

equivalent noise resistance of the transistor and the input 

reflection coefficient of the transistor when Fmin is 

obtained. 

For multi-stage amplifier, the noise figure is decided by 

the Friis formula: 

                   𝑁𝐹 =  𝐹1 + 
𝐹2−1

𝐺𝐴1
+

𝐹3−1

𝐺𝐴2
+…                       (5) 

where,  

Fn is the noise figure of the first n-amplifier and Gn is 

the gain of the first n-amplifier. 

 

C. Output matching network 

The output matching network is present to guarantee that the 

output impedance is 50Ω. 

In this paper, LNA having common source cascode with 

feed forward distortion calculation, common source inductive 

degeneration, common source inductive degeneration with feed 

forward distortion cancellation, common source with shunt 

resistive feedforward and common gate, working at 2.4GHz 

frequency have been designed at 0.13um technology. 

 

II.  CIRCUIT DESIGNS FOR DIFFERENT LNA TOPOLOGIES  

A. Common Source Cascode  Low Noise Amplifier with Feed 

Forward Distortion cancellation (FDC) technique. 

 

The M1 transistor is used in CS stage, forming cascode 

structure with M2. Gate of M3 and drain of M1 are connected 

and M3 transistor’s output is given to base of M2; for boosting 

the gain. M3 and R1 form another CS amplifier. M4 transistor is 

used in common gate (CG) mode as an auxiliary transistor. C6 

and L2 are used as load and C7, C8, and L1 are forming pi –

matching at input. 

 

 

Fig. 2 Schematic of CS Cascode LNA with FDC 
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B. Common Source Inductive Degeneration Low Noise 

Amplifier 

 

M1 and M2 are in CS stage forming cascode structure and 

degenerative inductor L4 is present at the source of M1. M3 and 

R1 form current mirror circuit. The signal path is isolated from 

the biasing circuit by M1. M3 is the biasing transistor in the 

circuit which forms current mirror with M1. To avoid heavy 

current consumption, the W/L ratio of M3 should not be large. 

 

 

Fig. 3 Schematic of CS Inductive Degeneration LNA 

 

C. Common Source Inductive Degeneration Low Noise 

Amplifier with Feed Forward Distortion cancellation 

(FDC) technique 
 

M2 and M3 forms the basic cascode structure. A common 

gate transistor (M2) is used as a current buffer at the output of 

M3 to overcome the Miller effect. R4 and L4 serve as cascode 

stage (M2-M3) load. The feed-forward distortion cancellation is 

provided by transistor M4 and capacitor C4. C4 is a blocking 

capacitor. L1, C1 and C2 form pi-matching network. The M5 

transistor is in common source stage and R5-L5 serve as the load 

M5. 

 

Fig.4 Schematic of CS Inductive Degeneration LNA with FDC 

 

 

D. Common Source Shunt Resistive Feedback Low Noise 

Amplifier 

 

A CS and CG transistor is present in the first stage and are 

connected in cascode configuration. R1 is used as the feedback 

resistor and is in shunt configuration to achieve broadband 

matching of input and also to get negative feedback. C3 is the 

blocking capacitor. L4 in parallel configuration with C4 serves as 

cascode stage loading element. The second stage is a source 

follower stage and M3 transistor is present in this stage. L1, C1 

and C2 form pi – matching network. 
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Fig. 5 Schematic of CS Shunt Resistive Feedback LNA 

 

E. Common Gate Low Noise Amplifier    

 

A common source amplifier is used in second stage of this 

circuit to compensate for the power gain, as the power gain of 

common gate amplifier is lower than common source amplifier. 

To ensure that the circuit is optimized, the LC tank circuit is 

matched for center frequency and to block RF leakage to 

ground, the inductor L2 is present. Compared to common source 

amplifier, the value of L2 for common gate amplifier is higher. 

C1, L1 and C2 form pi-matching network at input and C5 is the 

DC blocking capacitor. 

 

 

Fig. 6 Schematic of CG LNA 

III. SIMULATION RESULTS AND COMPARISON 

Simulations of the LNA for 0.13 um CMOS process were 

performed using ADS. The circuit operation requires 1.2 V 

power supply. The simulated results of the above circuits are 

shown below: 

 

A. S-Parameters and Noise Figure 

 
Fig. 7 CS Cascode LNA with FDC 

From the above graph, we can observe that S11 is -5.562 dB, 

S12 is -22.06 dB, S21 is 10.976 dB, S22 is -8.707 dB and NF is 

10.26 dB for common source cascode LNA configuration with 

FDC.  
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                                 Fig. 8 CS Inductive Degeneration LNA 

From the above graph, we can observe that S11 is -7.375 dB, S12 

is -41.47 dB, S21 is 24.227 dB, S22 is -0.28 dB and NF is 2.109 

dB for common source inductive degeneration LNA 

configuration. 

 

                         Fig. 9 CS Inductive Degeneration LNA with FDC 

From the above graph, we can observe that S11 is -9.408 dB, S12 

is -21.732 dB, S21 is 23.032 dB, S22 is -4.730 dB and NF is 0.988 

dB for common source inductive degeneration LNA 

configuration with FDC.  

 

                                  Fig. 10 CS Shunt Resistive Feedback LNA 

From the above graph, we can observe that S11 is -9.170 dB, S12 

is -18.909 dB, S21 is 15.417 dB, S22 is -6.204 dB and NF is 1.182 

dB for common source shunt resistive feedback LNA 

configuration.  

 

Fig. 11 CG LNA 

From the above graph, we can observe that S11 is -26.894 dB, 

S12 is -18.604 dB, S21 is 7.526 dB, S22 is -12.264 dB and NF is 

3.513 dB for common gate LNA configuration.       

B. Third-Order Intercept Point (IIP3) 

 

 

Fig. 12 CS Cascode LNA with FDC 

From the above graph we observe that IIP3 point is 17 dBm for 

common source cascode LNA configuration with FDC. 
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            Fig. 13 CS Inductive Degeneration LNA 

From the above graph we observe that IIP3 point is 4 dBm for 

common source inductive degeneration LNA configuration. 

 

                   Fig. 14 CS Inductive Degeneration LNA with FDC 

From the above graph we observe that IIP3 point is 14 dBm 

for common source inductive degeneration LNA configuration 

with FDC.

 

                Fig. 15 CS Shunt Resistive Feedback LNA 

From the above graph we observe that IIP3 point is 8 dBm for 

common source shunt resistive feedback LNA configuration. 

 

                Fig. 11 CG LNA 

From the above graph we observe that IIP3 point is 12 dBm for 

common gate LNA configuration. 

TABLE III.  COMPARISON OF LNA TOPOLOGIES 

 

CS 

Cascode 

with 

FDC 

CS 

Inductive 

Degenerat

-ion LNA 

[11] 

CS 

Inductive 

Degenerat

- ion LNA 

with FDC 

 

CS Shunt 

Resistive 

Feedback 

LNA 

CG LNA 

 

 

S11 

(dB) 
-5.562 -7.375 -9.408 -9.170 -26.894 

S12 

(dB) 
-22.06 -41.47 -21.732 -18.909 -18.604 

S21 / 

Gain 

(dB) 

10.97

6 
24.227 23.032 15.417 7.526 

S22 

(dB) 
-8.707 

-0.28 
-4.730 -6.204 -12.264 

Noise 

Figure 

(dB) 

10.26 2.109 0.988 

 

1.182 3.513 

IIP3 

(dBm) 

17.0 4.0 14.0 
 

8.0 12.0 

 

From table I, it can be concluded that highest gain is 

obtained from common source inductive degenerated LNA 

while common source inductively degenerated LNA with FDC 

provides the lowest noise figure. Highest linearity is achieved 

by common source cascode LNA with FDC; and for highest 

input impedance matching, common gate LNA should be 

preferred.   
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IV. CONCLUSION 

In this paper, a 2.4GHz CMOS LNA for IEEE 802.15.4 

ZigBee standard has been designed and analyzed using various 

LNA topologies. The common source inductively degenerated 

LNA with FDC has a high gain of 23.032 dB, high linearity of 

14 dBm, low noise figure of 0.988 dB and good input 

impedance matching ≈ 10 dB. So, inductively degenerated LNA 

with FDC is the best LNA topology as compared to others, for 

IEEE 802.15.4 Zigbee standard.  
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Abstract— A shunt resistive feedback CMOS low noise 

amplifier (LNA) using a pi-matching network has been fabricated 

in this paper using 0.13µm CMOS technology for applications in 

ultra-wideband (UWB) systems is presented. Minimum stimulated 

noise figure is of 1.811 dB value and the maximum linearity of 3 

dBm with moderate gain of 11.0037 dB is achieved simultaneously, 

when operated at 1.2 V power supply, with a 3-dB bandwidth 

ranging from 3.1 GHz to 10.6 GHz.  

Index Terms— Advanced Design Simulation (ADS) Software, 

Low Noise Amplifier (LNA), Wideband, Complementary 

MOSFET (CMOS), Common Source (CS), Common Gate (CG), 

Noise Figure (NF), Resistive Feedback. 

I .  INTRODUCTION 

The Federal Communication Commission (FCC) in US has 

approved the ultra-wide band (UWB) in the range of 3.1-10.6 

GHz, for use for commercial applications recently [1]. For 

wireless communication, significant interest has been developed 

in Ultra-wideband (UWB) technology as it provides, over a wide 

frequency band spectrum, transmission of data at very low 

power, high data rate and low cost [2]. It is envisioned that in the 

ultra-wide band technology, wireless connections will be all 

home and office cable networks, by featuring hundreds of 

megabits per seconds. So, this technology is being applied in 

sensor networks, wireless personal area networks, imaging 

systems, etc. Since, it relays data within area by providing cost 

effective, power efficient and large bandwidth circuits, it is 

specifically most suitable for short-range radios and wireless 

personal area networks. The multiband OFDM and the direct 

sequence (DS) are the two ultra-wide band technology 

approaches, of which, in multiband OFDM, 3.1-10.6 GHz 

spectrum is divided into 528MHz sub-bands and to transmit data 

at high data rate (480 Mb/s), OFDM is employed while in the 

direct sequence technique, the 3.1-10.6 GHz spectrum is 

covered in pulses. Low noise amplifier is required by both the 

techniques [3] and is the first block of the receiver as it comes 

directly after the antenna. However, several challenges such as 

low noise figure (to increase receiver sensitivity), low power 

consumption (to increase battery life), 50 Ω wide-band input 

impedance matching (to minimize return loss), high gain, etc. 

are encountered in the designing of low noise amplifier for ultra-

wide band, so designing of low noise amplifier is not an easy 

job. Hence, to achieve desired parameters, many topologies have 

been explored and developed to design ultra-wide band CMOS 

low noise amplifier in the recent years, of which inductively 

degenerated common source low noise amplifier, common gate 

low noise amplifier and common source resistive feedback low 

noise amplifier are the popular low noise topologies. The first 

stage of all the low noise amplifier structures is either common 

source or common gate configuration but in wide band 

applications common gate low noise amplifier is preferred over 

common source inductively degenerated low noise amplifier 

because common gate low noise amplifier has low power 

consumption, high linearity, high reverse transmission and good 

wideband input impedance matching due to low quality factor 

of input resonant matching network [4][5]. But it also has high 

noise figure i.e., poor noise performance. So, common source 

resistive feedback is an alternative as it provides input 

impedance matching for broad-band. But it is difficult to achieve 

input matching, low noise figure and low power consumption 

simultaneously [6][7]. The proposed common-source cascode 

amplifier using shunt feedback topology is shown in figure 1.  

 

Fig. 1 Proposed Common Source Shunt Resistive Feedback UWB LNA 
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In general, linearity and gain are two different poles and to 

balance them is difficult because while improving gain, linearity 

gets degraded and vice versa. So, pi-matching is used to enhance 

the forward gain of LNA, by providing additional degree of 

freedom [8]. 

II. CIRCUIT DESIGN 

The proposed low noise amplifier topology’s schematic is 

shown in figure 2. One common source transistor and other 

following common gate transistor, connected in cascode 

configuration, are present in the first stage of the low noise 

amplifier. The common source load impedance can be 

approximated to input impedance which is parallel to parasitic 

capacitance and the common source stage’s gain is not large. 

Cascoded topology is used because it has negligible Miller effect 

on M1 transistor. Here, R1 and C3 are used as the feedback resistor 

and the blocking capacitor respectively.  The feedback resistor 

is in shunt configuration so as to obtain negative feedback and 

also for broadband matching of input. The negative feedback 

improves the stability factor and hence, unconditional stability 

is provided by the amplifier and gain sensitivity of the amplifier 

is reduced. L3 and R2 in series act as loading elements of the 

cascode stage. For further extending the bandwidth and for 

achieving high gain, the second stage is is used which is a source 

follower stage. Pi-matching network is formed by L1, C1 and C2 

at input for improvising linearity of the circuit. Furthermore, it 

also helps to achieve input impedance matching. Since, this is a 

very simple low noise amplifier topology, therefore, it is suitable 

for low cost LNA applications (ideally). 

 
Fig 2. Schematic of Common Source shunt resistive feedback UWB LNA 

III. SIMULATION AND RESULTS 

The proposed LNA has been designed in a 0.13μm CMOS 

process and the simulations of the designed LNA were 

performed using ADS. The circuit operates at 1.2 V power 

supply. In figure 3, the input reflection coefficient (S11) is shown 

and in figure 5, the power gain (S21) is shown. The circuit has 

maximum power gain of 11.037 dB over 3.1-10.6 GHz 

frequency range. The reverse isolation (S12) is shown in figure 

4. The measured reverse isolation is from -14.265 dB to -31.897 

dB in the range from 3.1-10.6 GHz. The output reflection 

coefficient (S22) is shown in figure 6 and is less than -10 dB. The 

noise figure of proposed low noise amplifier, shown in figure 7, 

is about 1.811 dB. The simulated third order intercept point 

(IIP3) result for UWB LNA is shown in figure 8, and IIP3 of 3 

dBm is obtained. From the result, it can be concluded that good 

value of gain and high linearity with low noise figure have been 

achieved. The simulated amplifier’s characteristics summary is 

presented in Table I. From Table I, compared with other LNA’s, 

the performance of our proposed CMOS LNA is much better as 

it has the best reported value of noise figure and linearity, in both 

0.18µm and 0.13µm technology, in the range of 3.1-10.6 GHz. 

 

 
 Fig. 3 Input Reflection Coefficient (S11) 

S11 is input reflection coefficient or input return loss. In order 

to measure S11, a signal is injected at input port and its reflected 

signal is measured. In this case, no signal is injected into output 

port. So, it represents the measure of matching of the input 

impedance to the reference impedance. For 3.1-10.6 GHz 

frequency range, the S11 parameter obtained is -1.390 dB, as 

shown in figure 3. 
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Fig. 4 Reverse Gain/ Reverse Isolation (S12) 

S12 is reverse transmission coefficient or reverse isolation as it 

measures how much the input signal is reflected back. In S12, a 

signal is injected into output port, and signal power leaving port 

is measured. For 3.1-10.6 GHz, the minimum value of S12 is less 

than -10 dB i.e., -14.265 dB, as shown in figure 4. 

 

 
 Fig. 5 Forward Gain (S21) 

S21 is forward transmission coefficient or forward gain. If S21 

is to be measured, a signal is injected at the input port, and the 

resulting signal power exiting output port is measured. It 

measures how well the signal goes from input to output. For 3.1-

10.6 GHz, the value of maximum gain obtained is 11.037 dB, as 

shown in figure 5.  

 

 
Fig. 6 Output Reflection Coefficient (S22)  

S22 is output reflection coefficient or output return loss. For 

S22 measurement, a signal at output port is injected and its 

reflected signal is measured. So, it represents the measure of 

matching of the output impedance to load impedance. For 3.1-

10.6 GHz, the S22 is less than -10 dB i.e., -17.980 dB, as shown 

in figure 6. 

 
Fig. 7 Noise Figure (NF) 

The noise performance of device at high frequency is 

indicated by noise figure. Noise figure is a figure-of-merit, the 

amount of excess noise present in a system is described by it. 

The system impairments resulting from the noise can be reduced 

by minimizing the noise in the system. The minimum noise 

figure of 1.811 dB has been obtained for 3.1-10.6 GHz, as shown 

in figure 7. 
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      Fig. 8 IIP3 

LNA along with amplification of signal and good noise 

performance, should be linear, even when the signal is strong. 

Hence, during designing of LNA, linearity is an important 

consideration. The third order intercept point (IIP3) is the most 

typical measure of linearity [9]. The value of third order 

intercept point is 3 dBm as shown in figure 8.  

 

 

TABLE I    COMPARISON OF DIFFERENT CMOS LNAS 

 [10] [11] [12] This work 

Frequency (GHz) 
3.1-10.6 3.1-10.6 3.1-10.6 3.1-10.6 

Technology  

(µm) 0.18 0.13 0.13 0.13 

Supply (V) 
0.8 1.2 1.2 1.2 

Gain (dB) 
13.1 15.1 13 11.037 

Noise Figure 

(dB) 
3.25 2.1 2.9 1.811 

IIP3 (dBm) -16.2 -8.5 -4.8 3 

 

From the table I, it can be concluded that for the range of 

frequency from 3.1-10.6 GHz, at 0.13µm technology, operating 

at 1.2 V, compared to other LNAs, the designed LNA has least 

noise figure (of value 1.811 dB) and maximum linearity (of 

value 3 dBm), with a good value of gain (11.037 dB). So, our 

designed LNA, in terms of linearity and noise, is much better as 

compared to other reported LNAs for 3.1-10.6 GHz frequency 

range.  

IV. CONCLUSION 

The design for an UWB LNA based on a simple resistive 

shunt feedback technique is reported in this paper, that can 

perform well over the entire range of 3.1-10.6 GHz i.e., in ultra-

wide band. More importantly, decent gain, low noise figure and 

good IIP3 is achieved simultaneously over ultra-wide 

bandwidths using a relatively simple resistive shunt feedback 

topology for LNA at 1.2V power supply. Because of the 

simplicity in the design, it is possible to achieve low noise figure 

and high linearity; and most importantly, provides an alternative 

as well as attractive design to realize high performance and low-

cost CMOS UWB receivers and systems. 
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Abstract— Literature review of various low noise amplifier 

(LNA) design (LNA) is presented in this paper which is used to 

improve the NF, gain, linearity, stability and also, to reduce power 

dissipation. Low noise amplifier having high performance and 

lower noise performance have crucial importance in wireless 

technologies and is an active research area. So, several recent 

architecture is explored in this paper. 

Index Terms— ADS (Advanced Design Simulation Software); 

LNA (Low Noise Amplifier); CMOS (Complementary MOSFET); 

IIP3 (Third order intercept point); GSM (Global System for 

Mobile); GPS (Global Positioning System); LAN (Local Area 

Network); IM (Intermodulation Distortion), MIM (Metal 

Insulator Metal); UWB (Ultra-wide Band) 

I. INTRODUCTION 

The recent development in wireless technology due to scaling 

of the transistor and development of low power, low noise and 

high gain circuit has led to diversion of attention to design a 

wireless high gain, low noise, low power and highly stable 

transceiver. The main and essential component of RF receiver 

system is low noise amplifier (LNA). It is also the first stage of 

the receiver. The low noise amplifier is used to provide enough 

gain to overcome noise by the other stages of the receiver system 

and to add minimum noise as possible in the system while 

amplifying the signal. So, the receiver noise performance mainly 

depends on the LNA noise performance. More importantly is 

used to provide good linearity to the system by accommodating 

large signal without signal distortion. This paper presents brief 

review of research work done by the various researchers in 

designing and simulating the LNA by using various topologies 

such as common source (CS) cascode, common gate (CG), 

common source shunt feedback and etc. and also, various 

techniques such as forward body bias technique, current reuse 

techniques and etc. for improving the gain, noise figure (NF), 

linearity, stability and power consumption.  

II. HISTORY 

Almost, 20 years ago, the most valuable device present to 

function as low noise amplifier at high frequency were only 

travelling wave tubes or vacuum tubes which were fabricated in 

various laboratories [1]. However, the noise temperature of 

travelling wave tube was around 3000K. Thus, making its 

amplification limited by noise in the circuit [2]. The tunnel diode 

was also used as low noise amplifier which provides 

amplification by using negative conductance effect but shot 

noise is present in the dc current that flows during the 

amplification operation and is major source of noise, 

contributing as the drawback of using tunnel diode for 

amplification [3]. The maser standing for microwave 

amplification by stimulated emission of radiation, having 

extremely low noise figure replaced vacuum tubes and tunnel 

diodes but unfortunately it had its own drawback of working at 

low temperature environment, resulting in use of costly and 

highly complicated equipment. Therefore, could be used only in 

sophisticated systems for specialized applications [4]. 

Parametric amplifier formed from semiconductor diode was also 

a low noise amplifier because is purely reactive ideally and 

hence, no noise is present. Low bandwidth is the shortcoming if 

a single diode is used so, to increase the bandwidth multiple pair 

of identical diodes are used. Requiring high quality identical 

diodes is the serious disadvantage of the above technique [5]. 

Large size and unable to fabricate the device on chip made the 

above discussed devices less favorable to be used for low noise 

amplification. So, transistors such as bipolar junction transistor 

(BJT) or field effect transistor (FET) were used as a low noise 

amplifier [6][7]. However, the tradeoffs between noise figure, 

gain, linearity and stability in both the above transistors were 

different. So, the design of low noise amplifier depends on the 

transistor technology which is incorporated such as if Gallium 

arsenide high-mobility electron transistor (GaAs HEMT) is 

used, excellent linearity and noise figure is obtained compared 

to Silicon Germanium Heterojunction bipolar transistor (SiGe 

HBT) but on the other hand, low power consumption, high gain 

and good noise figure is obtained by SiGeHBT. Since, the area 

on chip required by BJT and FET is large, CMOS technology 

are used being used. The complementary MOS (CMOS) 

transistor is used in low noise amplifiers because of its good 

characteristics. High immunity against noise and static power 

are two of the important characteristics of CMOS transistors. 

Moreover, CMOS technology are used to fabricate in-chip low 

noise amplifiers because of high level of integration [8]. The 

internal structure of CMOS contains a NMOS and PMOS 

transistor in series. So, the power is drawn by the series 

combination momentarily when there is switching between ON 

and OFF states, because one of the transistor in the series 

connection is always OFF. Hence, the heat produced by CMOS 

devices is less as compared to other logic families such as 

transistor transistor logic (TTL), NMOS, etc. 
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III. STUDY OF EXISTING TECHNIQUES 

Our knowledge in the field of low noise amplifier cannot be 

updated without studying the earlier work done by the 

researchers/scientists because the earlier concepts and 

techniques given are helpful to study and analyze present 

technology concepts and techniques as there is increasing and 

constant demand to make the devices smaller, portable, 

consuming less power and operating for large frequency band. 

A brief review of the earlier work done in the designing of low 

noise amplifier by simple current reuse technique, common 

source cacode amplifier topology, common sou5rce inductive 

degeneration amplifier topology, cross couple capacitor 

technique and, etc. in various CMOS technology (90 nm, 35 nm, 

0.18 µm, 0.13 µm) for microwave frequency i.e. frequency 

ranging from 300 MHz unto 300 GHz is discussed in the 

following literature review. 

  
A. Narrowband 

 
1. 900 MHz 

 

This paper [9] proposes and designed first CMOS LNA 

that integrates input and output matching network for 900 MHz 

ISM Band. The LNA is formed by two stage amplifier, the first 

stage of which is a cascaded amplifier having inductor-

capacitor resonator as load so as to improve gain and noise 

performance while the second stage is a CS amplifier having 

capacitor transformer and resistor as a load. Therefore, 

improved reverse isolation and simplifying the matching 

because of input and output decoupling are the advantages of 

using two stage amplifier. It also includes series inductive 

feedback, bias circuit and capacitive transformer. The LNA is 

designed on a chip of size 0.74x0.72 mm2 using 0.8 µm CMOS 

technology. A supply of 3 V is used for drawing current of 8.6 

mA from first stage and 2 mA from second stage. Maximum 

power gain of 14.3 dB, minimum noise figure of 4.5 dB and 

P1dB of +5 dBm is observed. 

A LNA for 900 MHz is designed using 0.5 µm CMOS 

technology. Current reuse technique is used to increase overall 

LNA gain. The LNA design approach utilizes two stage 

amplifier. The forward gain is achieved from stage 1 of the 

amplifier and unity buffer is achieved from stage 2. Also, each 

stage employs bias feedback amplifier to establish Q point for 

each stage by setting dc output voltage of each stage to bias 

reference. Output of first stage is directly coupled to input of 

second stage. A minimum noise figure of 1.9 dB, gain of 15.6 

dB, IIP3 of -3.2 dB and power consumption of 20 mW is 

obtained when a supply of 2.7 V is given to LNA. Chip of size 

0.7 mm x 0.4 mm is designed [10]. 

In the paper [11], broadband inductorless LNA design at 900 

MHz is explored as LC tanks which are highly tuned and have 

high Q value are not used i.e. on chip providing overdrive 

capabilities are not exploited. The LNA consists of three NMOS 

gain stages in cascode. Also, multistage topology is used by the 

LNA so that at low or zero intermediate frequency the circuit 

has critical reverse isolation. To reduce power consumption, 

current reuse technique is used and to improve linearity the last 

two LNA stages are degenerated. For the input stage, open loop 

structure is used to avoid noise generated by the feedback 

system and the output buffer is degenerated cascode amplifier. 

A 9 dB gain, 2.3-3.3 dB NF, >-41 dB S21 and -4.7 dBm IIP3 has 

been observed by 900 MHz designed using 0.5 µm CMOS 

process while current of 3.4 mA is drawn from 3 V supply. A 

die area of 1.0 x 1.2 mm2 has been used in total and the largest 

part occupied only by de-coupling capacitors while die are of 

0.4x0.3 mm2 is occupied only by active core. 

A 900 MHz LNA is implemented in the paper [12] fabricated 

using three level metal 0.8 µm CMOS process and SOIC like 

package used for packing. Amplifier design topology is cascode 

topology having only single stage for improvement of linearity, 

1 dB compression point and minimization of power dissipation 

and also uses inductive degeneration at the source. The cacsode 

stage is used to improve reverse isolation and eliminate Miller 

effect and source inductive degeneration is used to achieve 

input matching and noise matching simultaneously. Only one 

external inductor is required. The area occupied by the chip is 

720x720 µm2. The LNA provides NF of 1.2 dB at 30 mW, 1.5-

dB at 13.5 mW, and 2-dB at 6.3 mW. Also, a NF of less than 2 

dB is provides at less than 10 mW power. Moreover, an IIP3's 

of -1 dBm is obtained at 30 mW and -3.8 dBm at 6.3 mW. A 

high S11, S22 is below -10 dB and S12 is more than 42 dB.   

A full integrated 900 MHz CMOS LNA has been fabricated 

with 0.35 µm minimum channel length. To provide wide 

dynamic range and low noise a single stage cascoded inductive 

degeneration configuration is used. Single stage is used in order 

to limit power consumption and improve reverse isolation of the 

LNA. Also, LC networks is used to achieve 50 Ω matching. The 

CMOS LNA of three different version is fabricated in [13] with 

the main transistor width (W) of 225µm, 450µm, and 675µm, 

are C225, C450, C675 respectively and is mounted of TQFP48 

package. C225 is measure on dedicated application board and 

packed components are soldered on the board while C675 is 

measured on test board and packaged chip is plugged in 

Johnstech socket. C450 is measured on dedicated application 

and test board. The best configuration is C450 having 16 dB NF  

at 12 mA and 1.5 dB NF at 20 mA, along with VSWRin less 

than or equal to 2.5. For good matching conditions i.e. for 

VSWRin less than or equal to 2, the NF≤1.75 dB, IIP3≤3 dBm 

and gain equal to 10 dB.  

A 900 MHz LNA using 0.35 µm CMOS process has been 

fabricated. A single stage cascode LNA configuration is used. 

Here, to reduce power consumption single stage is used and to 

reduce Miller effect and to improve reverse isolation cacscode 

configuration is used. Transistor of width (W) of 450 mm is 

used. The LNA is housed into TQFP48 package. A power gain 
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of 14 dB, NF of 0.9 dB, S11 of -10 dB, S22 of -27 dB and IIP3 0f 

0 dBm is obtained at 18 mW power while a NF of 1.05 dB is 

also obtained at 9 mW power along with power gain of 12 dB, 

S11 of -8.7 dB, IIP3 of -2 dBm [14]. 

The LNA working at 900 MHz and to be used as mobile CDMA 

receiver, that works on 824-894 MHz has been proposed and 

fabricated in the paper [15]. The LNA circuit uses the current 

reuse technique so as to achieve transconductance of that of 

device but by using less current.  The inductors in LC network 

that is used as the load and are tuned at operating frequency, has 

high quality factor. The quality of inductor is high if the 

substrate resistivity is higher. This, the performance of inductor 

depends on the doping of substrate. The LNA is implemented 

using 0.35 µm CMOS process. The dimensions of the LNA are 

1541 µm x 850 µm and the total area occupied is 1.31 mm2. A 

NF of 1.8 dB, gain of 15 dB, IP3 of -3 dBm and compression 

point of -11 dBm is obtained.  

       TABLE I. COMPARISON OF LNA AT 900 MHZ  

 

2. 1 GHz 
 

              Single ended two 1 GHz LNAs has been designed in 

the paper [16] with and without ac coupled inductor. Both the 

LNAs utilizes single stage cascode topology along with pull up 

resistive load without no chip inductor. However, the second 

LNA topology uses an additional ac coupled inductive load. 

Thus, forming inductive degeneration cascode topology.  The 

active inductor working in GHz is built from CMOS gyrator as 

it can form large value inductor (20-40 nH) on chip using an 

area less than used by on chip spiral inductor. However, has 

poor linearity compared to on chip spiral inductor. A 0.5 µm 

CMOS technology is used in designing of the LNA. The circuit 

uses 2 V supply. The active inductor LNA provides a gain of 

12.2 dB, IIP3 of -21 dB and NF of 2-2.3 dB for long channel 

model and 2.7-3.1 dB for short channel model consuming a 

power 17 mW while the inductorless LNA provides a gain of 

10.7 dB, IIP3 of -3.8 dBm and NF of 2-2.2 dB for long channel 

model and 2.6-2.9 dB for short channel model consuming a 

power of 16 mW. The input return loss is -10 dB and reverse 

isolation is higher than 45 dB for the both the LNA while the 

output matching is less than -10 dB for active inductor LNA. 

Therefore, out of both the LNA design, active inductor LNA is 

more selective and image reject filter requirements are relaxed 

with the help of series resonance.  

A 0.5 µm RF CMOS LNA using current reuse technology and 

CS inductive degeneration topology is proposed in [17]. The 

first stage of LNA has a PMOS and a NMOS, CS amplifier in 

cascode configuration followed by a CG stage. Another 

transistor in CS configuration is present before the cascode to 

set the dc bias of transistor in cascode stage while a transistor 

in CG configuration is present at the end as buffer stage to 

provide output matching of LNA. The on chip inductor i.e. the 

degenerated inductor have quality factor of 5 while the off chip 

inductors i.e. input and output inductors have quality factor of 

50. The proposed LNA at 1GHz gives a S11 of -31.8 dB, S21 of 

21.6 dB, S12 of 42 dB, S22 of 42.1 dB, NF of 2.7 dB and IIP3 of 

18.8 dB. Also, a current of 20.3 mW is consumed from 2.2 V 

supply. 

A 1 GHz CMOS LNA which uses cascode configuration but in 

modified form is proposed in the [18]. Here, the LNA circuit 

uses a CS amplifier which is inductively degenerated in the first 

stage of LNA followed by CG amplifier, which forms a cascode 

configuration. A CS amplifier before stage 1 is used to bias the 

amplifier in first stage and a CG amplifier is used at the end as 

a buffer stage to achieve output matching. The inductor on chip 

is a degenerated inductor having quality factor of 5 and the 

input and output inductors are off chip inductor having a quality 

factor of 50. 0.5 µm CMOS technology is used to design the 

LNA circuit. An input reflection coefficient of -33.64 dB, 

forward gain of 18.6 dB, reverse isolation coefficient of -45.5 

dB, output reflection coefficient of -35.22 dB, NF of 1.62 dB 

and IIP3 of -23 dBm is observed. A power of 12.5 mW is 

consumed from 1 V supply. 

 

TABLE II. COMPARISON OF LNA AT 1 GHZ 

 [16] [17] [18] 
Technology 

(µm) 

0.5 0.5 0.5 

Supply (V) 2 2.2 1 
 

 

S21 (dB) 

Active 

inductor 

Inductorless 21.6 18.6 

12.2 10.7 

NF (dB) 2-2.3 2-2.2 2.7 1.62 
IIP3 (dBm) -21 -3.8 18.8 -23 

 

3. 1.5 GHz/GPS 
 

For GPS receiver a 1.5 GHz LNA is implemented in 0.6 

µm CMOS technology by employing inductive source 

degeneration topology along with input tuning so that 50 Ω 

narrow band input impedance is achieved, to convert the MOS 

device reactive input impedance into real resistance. Although, 

 [9] [10

] 

[11

] 

[12] [13] [14] [15

] 

Technolo

gy (µm) 

0.8 0.5 0.5 0.8 0.35 0.35 0.3

5 

Supply 

(V) 

3 2.7 3 - - - - 

S21 (dB) 14.

3 

15.

6 

9 - 10 14 

@18m

W 

15 

NF (dB) 4.5 1.9 2.3

-

3.3 

1.2 @ 

30m

W 

≤1.7

5 

0.9  

@ 

18mW 

1.8 

IIP3 

(dBm) 

- -

3.2 

-

4.7 

-1 @ 

30m

W 

≤3 0 

@18m

W 
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dual-feedback and resistive termination could also have been 

used but each have its own drawback; of being used when loop 

gain requirement can be satisfied easily at low frequency and 

on the NF lower bound of 3dB is placed respectively. A gain of 

22 dB, NF of 3.5 dB and IIP3 of -9.3 dB is obtained while from 

1.5 V, a power of 30mW is consumed [19]. 

A 1.5 GHz LNA for GPS receiver, front-end applications has 

been designed with one poly and two metal layers only in 0.35 

µm CMOS process. For better on chip rejection, a differential 

architecture is selected but consumes twice the power 

consumed by single ended architecture to achieve same noise 

figure. The architecture of LNA consists of two stage, the stage 

1 is casoded so that reverse isolation improves, stability is 

maintained as spiral inductor is used to tune stage 1 output and 

the influence gate to drain overlap capacitance is reduced on 

input impedance i.e. Miller effect is mitigated. Moreover, by 

reusing the bias current of stage 2 in the stage 1, the power 

factor is decreased by a factor of two. So, a common mode 

feedback technique is used.  At the source of two transistors the 

inductive degeneration is employed so that output of the RF 

filter present before the LNA is properly matched to input 

impedance of LNA. Baluns are used to interface to single ended 

test instrumentation since, the circuit is differential. A total die 

area of 0.84 mm2 is used to fabricate a LNA and a mixer on a 

single chip. The gain of LNA is 17 dB, NF is 3.8 dB and IIP3 

is -6 17 dBm and reverse gain is 52 17 dB, while dissipating a 

power of 12mW and using 1.5 V supply [20].  

A 0.35 µm differential CMOS LNA has been fabricated for 

GPS application in [21]. Inductive degeneration topology in 

differential form is used at the input stage and LC network is 

used as load where the quality factor of the inductor is 7. 

Transistor in cascode also present between input stage and LC 

load to reduce Miller effect and increase reverse isolation. At 

the gate of the input stage transistor, the spiral inductor is 

integrated in series so that level of integration is increased. 

Since, the telecommunication signal is narrowband, 

narrowband RF signal processing is required. Here, the input 

stage is intrinsically narrowband because maximum power 

transfer occurs at carrier frequency because at carrier frequency 

only the source and input impedance match and, out of band 

signal components is filtered out and in band thermal noise is 

minimized because of LC feedback. The LNA has been realized 

by 5 metal layer while spiral inductor itself is realized by upper 

thicker metal layer. The simulated LNA has 26 dB gain, NF of 

3.6 dB, IIP3of -3 dBm and current of  5 mA flows from 2.8 V 

supply.  

A two stage LNA has been designed using 0.6 µm CMOS for 

1.57 GHz. The LNA is design consists of cascode configuration 

in first stage so that input resonant circuit and output resonant 

circuit are decoupled followed by source follower present in the 

second stage. A coupling capacitor is used to separate the two 

stages. Current mirror is used to bias the input transistor so that 

minimum noise is coupled between the biasing resistor and the 

signal path.  A separate circuit is used to bias the second stage. 

So, power consumption is less. The results observed for 1.8 V 

power supply is that the circuit dissipates a power of 17 mW 

with a NF of 2 dB, gain of 19 dB, S11 of -30 dB, S22 of -32 dB, 

S12 of -57 dB and IIP3 of 10 dB. Moreover, in paper [22] noise 

rejection behavior of proposed design’s single ended and 

differential LNA has been studied and it is indicated that for the 

same gain differential LNA produces more noise compared to 

single ended LNA but is less prone to common mode noise. 

A LNA for GPS receiver has been designed using 0.25 µm 

CMOS process in [23]. The LNA circuit uses two stage 

differential structure, in the stage 1 two CS amplifier are present 

in cascode configuration to reduce Miller effect and to improve 

reverse isolation, and also degenerated inductor is employed at 

the source to achieve stable input impedance. Spice using level 

49 CMOS parameter is used for simulation of LNA, giving a 

NF of -5.6 dB and gain of 22 dB. The LNA circuit dissipates a 

power of 35 mW and uses 3 V supply. The LNA layout is 

designed using Cadence and area of the layout is 0.27x0.33 

mm2. 

A two stage LNA has been designed using 0.18 µm CMOS 

process in [24]. The first and second stage of the LNA consists 

of CS amplifier with inductively degenerated inductors at the 

source. The output of the first stage is provided at the gate of 

the amplifier in the second stage. Another CS configuration 

transistor is present before the first stage to bias the in the 

amplifier in the first stage. Inductors are used as load for the 

two stages. The circuit is simulated using Cadence Spectre RF 

and uses 1 V supply. A NF of 2.0 dB, gain of 28.7 dB and IIP3 

of -16.0599 dBm is obtained. 

A LNA based on noise optimization technique has been 

designed [25] for 1.5 GHz. The LNA circuit has single stage 

having two CS amplifier. Also having 1 nH bond wire inductor 

as the degenerated inductor at the source of the first amplifier. 

LC network is used at the load so that is optimized at the 

operating frequency. The circuit is designed using 0.13 µm 

CMOS process. The simulated LNA has input reflection 

coefficient of about -17 dB, gain of 12.9 dB and NF of 0.55 dB. 

A current of 1 mA is drawn from a supply of 1 V.  

A cascode CS inductive degeneration topology is used in 

designing of the LNA using 90 nm CMOS technology. The gate 

inductor and degenerated source inductor is used for input 

impedance matching as at the resonant frequency are acted like 

series resonant circuit. Another transistor is present in current 

mirror formation with the CS stage transistor in cascode 

configuration. The load of cascode architecture is LC circuit 

which is used to achieve output impedance matching. Cadence 

spectre RF is used for simulation of the LNA circuit. The input 

return loss, reverse isolation, power gain, NF and IIP3 are -9.9 

dB, -35.68 dB, 30.942 dB, 0.533 dB and 2.9140 dB 

respectively. The circuit uses a supply of 1.5 V and dissipates a 

power of 8.7 mW [26]. 
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TABLE III. COMPARISON OF LNA AT 1.5 GHZ 

 

 

4. 1.8 GHz/Direct Conversion 

 

A 1.8 GHz LNA for direct conversion radio receiver, that can 

drive a capacitive input mixer, has been designed in the paper 

[27]. In the front–end subsampling, aliasing problem is reduced 

by limiting LNA noise band with output resonator and 

integrated passive component’s extracted models is used for 

optimizing the resonator, including on chip coupling capacitor 

to overcome the problem of second order non-linarites in down 

conversion of direct conversion receiver. Also, to optimize 

system noise figure output resonator is used, by limiting input 

noise bandwidth of mixer. The LNA uses cascaded input and 

inductive degeneration topology. A high quality factor of 4 is 

used in designing of circuit, else small change in component 

value will increase the NF significantly. A 0.5 µm CMOS 

technology is used to design LNA. DC coupling which has low 

sensitivity to parasitic effect is realized with an on chip structure 

as is an essential function of direct conversion.  A gain of 17 

dB, S11 of -11 dB, IIP3 of +9 dBm and NF of 3.4 dB is obtained 

while consuming a power of 48mW from a 3 V supply. 

Therefore, a method to implement modern integrated receiver 

having CMOS LNA in GHz range using capacitor inputs 

instead of 50 Ω resistor matching is designed. 

A two stage LNA is designed in [28] which is based on LC 

resonance that uses spiral inductor on chip. The LNA uses 

differential structure so that even order distortion gets 

eliminated and also uses common mode inductive coupling 

because it is desired for direct conversion receivers. The 

common mode inductive coupling can be assumed as the 

extension of CS topology with a spiral inductors present on chip 

for applications in narrowband frequency and current source for 

biasing. The cascode structure is also used. The inductive load 

are used instead of resistive load and is of 7 nH having a quality 

factor of 4.5. Positive feedback circuit is also present to 

generate negative resistance which cancels out the series 

resistance present in the inductive load. A 0.8 µm with two poly 

and two metal CMOS process is used for designing of the LNA. 

The LNA exhibit a power gain of 18 dB, NF of 2.1 dB and IIP3 

of -5 dBm wile dissipating a power of 48 mW from 3 V supply.   

A LNA working at 1.8 GHz, using double poly triple metal 0.35 

µm CMOS technology is designed and is presented in [29]. The 

LNA circuit uses a two stage cascaded configuration to provide 

good gain and isolation between input port and output port 

simultaneously. In the stage 1, CS inductive degeneration 

topology is used to match input impedance to 50 Ω followed by 

stage 2 which is a buffer stage present to match output to 50 Ω. 

The LNA layout occupies an area of 1025 x 1345 µm2.  The S-

parameter is measured using HP 8719ES network analyzer and 

a resultant S11 parameter value is -8.4 dB, S12 is -41.7 dB, S21 is 

10.5 dB and S22 is -6.6 dB. A NF of 4 dB and IIP3 of -2.4 dB is 

also observed. The circuit is operated using 2.5 V supply 

dissipates a power of 40 mW.  

A two stage architecture LNA circuit having input stage as the 

first stage uses CG amplifier so as to achieve lower NF and uses 

CS stage as the second stage so as to achieve high gain along 

with good reverse isolation is designed in [30]. A capacitor 

present for dc blocking and an inductor is present between CG 

and CS amplifiers to provide biasing network to CS amplifier 

and for matching AC power so as to achieve maximum power 

transfer. Therefore, the capacitor and the inductor act as 

interstage matching network. SpectreRF is used for the 

simulation of the LNA. The resultant input reflection 

coefficient value is -6.4 dB, output reflection coefficient is -31.8 

dB, power gain is 17.4 dB, reverse isolation of -66 dB, NF is 

1.07 dB and IIP3 is -9 dBm while OIP3 is 8.1 dBm. The LNA 

circuit is designed using 0.35 µm CMOS process and a power 

supply of 1.2 V. 

 

TABLE IV. COMPARISON OF LNA AT 1.8 GHZ 

 [27] [28] [29] [30] 

Technology 

(µm) 

0.5 0.8 0.35 0.35 

Supply (V) 3 3 1.8 1.2 

S21 (dB) 17 18 10.5 17.4 

NF (dB) 3.4 2.1 4 1.07 

IIP3 (dBm) 9 -5 -2.4 -9 

 
 

5. 1.9 GHz/GSM 

 

A spiral inductor of high quality has been employed in the paper 

[31] having 8.5-12.5 quality factor along with optimized active 

device layout and bias condition. The LNA is a two-stage 
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amplifier, CS with inductive source degeneration is present in 

the stage-1so as to match noise and power gain. For high 

linearity and gain, the second stage’s bias condition is chosen. 

A 0.8 µm CMOS technology LNA, fabricated on high 

resistivity Si substrate. Using on-wafer RF probes and 

HP8510C Network Analyzer measurements are carried out and 

a chip area of 0.93x0.93 mm2 is occupied.  Linear simulator is 

used to simulate the LNA and ATN setup is used to measure 

noise parameters for 0.3-3 GHz, giving a NF of 2.8 dB at 1.9 

GHz. Also, a gain of 15 dB, input reflection coefficient of -16.4 

dB and output reflection coefficient of -7 dB is observed at 

1.9GHz, while consuming 15 mA from 3.6 V supply.   

A quantitative analysis of LNA in cascode configuration is done 

in [32] in 0.35 µm CMOS process. A single stage LNA having 

two transistor namely M1 and M2 is present in cascode. 

Degenerated inductor is present at the source of M1 and also 

input is applied to the gate of M1. The cascode structure is 

present to achieve input impedance matching and to avoid 

thermal noise. The noise performance of the LNA is dominated 

by the first MOSFET transistor i.e. M1 while the more linarites 

are contributed by second MOSFET transistor i.e. M2. So, 

using 0.35 µm CMOS process the M1 is designed such that it 

gives optimum noise performance and M2 is designed to 

optimize linearity. The simulation of 1.9 GHz LNA is 

conducted in Agilent Advanced Design System (ADS) giving a 

minimum NF of 1.6 dB, gain of 17.5 dB, OIP3 of 10.7 dBm 

using a supply of 1.5 V and dissipating a power of 9 mW. 

Therefore, from both theoretical analysis and simulation results 

it is shown that the noise performance is dominated by the first 

MOSFET and more linaerites are contributed by second 

MOSFET for the LNA in cascode configuration. 

A 1.9 GHz LNA has been designed in [33] using 0.35 µm 

CMOS technology. In the two stage LNA design, the first stage 

is in cascode configuration and LC tank circuit is present as the 

load of the cascode architecture so as to tune to 1.9 GHz. 

Moreover, another inductor is present at the source of the first 

transistor. This stage is followed by an output stage consisting 

of one transistor, also having LC circuit as load. Also, a current 

mirror is formed with before the cascode stage with first 

transistor of cascode stage. Inductors are placed on chip if have 

value lesser than 10 nH while are placed off chip if the inductor 

have value greater than 10 nH. For TSMC CMOS 0.35 µm, 

BSIM3 transistor model is used. The circuit is simulated using 

HSPICE and Cadence giving a gain of 21 dB, NF of 1.4 dB at 

1.9 GHz and OIP3 of -14dBm, input reflection coefficient of -

35dBm and output reflection of -32dBm. A supply of 1.5 V is 

used and power dissipated is 6.5 mW. A die of active area 5 10 

µm x 250 µm is also formed. 

 

 

 

TABLE V. COMPARISON OF LNA AT 1.9 GHZ 
 [31] [32] [33] 

Technology (µm) 0.8 0.35 0.35 

Supply (V) 3.6 1.5 1.5 

S21 (dB) 15 17.5 21 

NF (dB) 2.8 1.6 1.4 

OIP3 (dBm) - 10.7 -14  

 

 

6. 2 GHz 

 

2 GHz LNA has been designed using 0.6 µm CMOS process in 

[34]. The LNA circuit design is based on two stage cascode 

topology which is narrowband LC tuned. The first stage uses 

CS cascode inductive degeneration topology followed by CS 

configuration which has LC network as load because in wireless 

communications RF signals are narrowband usually. The 

cascode architecture is used to improve reverse isolation and 

also to provide forward gain. The circuit uses 3.3 V supply.  A 

NF of 2.3 dB, gain of 18 dB, reverse isolation of -44.79 dB and 

IIP3 of -4.94 dBm is observed as the simulation results. Also, 

power of 33.94 mW is dissipated.  

A 0.35 µm CMOS LNA is designed in [35]. The LNA design is 

a two stage amplifier design, it uses conventional cascode 

topology. An inductor is present between the CS amplifier and 

CG amplifier in the cascode stage. So, inductor is used as the 

interstage matching network. The cascode stage is succeeded 

by a CS stage which along with resistors are used to bias the 

amplifiers in the cascode stage. The inductors used have quality 

factor around 5. The simulation of 2 GHz LNA using an 

interstage inductor is done in Agilent Advanced Design System 

(ADS). The simulated results are, NF of value 1.97 dB, gain of 

13.7 dB. Dissipating a power of 7.5 mW from 1.5 V supply. 

A 2 GHz LNA designed using 0.18 µm CMOS process has been 

implemented in [36]. The LNA circuit has three parts, the first 

part uses CS inductively degenerated topology, the second part 

is realized using differential pair acting as a low pass filter and 

the last part is the biasing circuit formed by using pn junction 

of PMOS as it provides steady voltage because of the large 

width of the transistor. The circuit uses 1 V supply and is 

implemented using 0.18 µm CMOS process. A LNA of size 175 

µm x 50 µm is obtained. Moreover, the simulated results shows 

that the input reflection coefficient is -25 dB, gain is 11 dB, NF 

is 1.8 dB and IIP3 is 0 dBm. 

A high linearity LNA circuit has been designed using 0.25 µm 

CMOS technology in [37]. The LNA circuit utilizes inductively 

degenerated topology in balanced differential mode. A superior 

noise performance is obtained from inductively degenerated 

topology because of signal swing and hence is used. However, 

because of the signal swing the linearity is degraded. Thus, the 
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linearity improvement technique is required. For differential 

signals two balun transformers are used. The LNA circuit uses 

a supply voltage of 2.5 V. At 2 GHz a maximum gain obtained 

is 15.2 dB, NF obtained is 2.8 dB and IIP3 obtained is 14.7 dBm 

and the maximum IIP3 of 16 dBm is obtained at 2.2 GHz. The 

size of the fabricated chip is 900 µm x 900 µm. 

 

TABLE VI. COMPARISON OF LNA AT 2 GHZ 

 

7. 2.4 GHz/WSN/Bluetooth 

 

A two stage 2.4 GHz LNA is presented in the paper [38][39]. 

The first stage has transistors in cascode configuration with 

resistor in parallel to capacitor as load. Here, resistor is present 

to set bias circuitry current to generate bias voltage at gate of 

first transistor in second stage; in second stage transistors are 

present in cascode having matching inductor between the stage 

such that the transistors in cascode are considered as different 

individual stage. So, the inter stage inductor is added between 

CS and CG stage. Inductor is added to increase the gain and 

decrease the noise of the system. The capacitor is used to 

provide AC ground at the gate of second transistor in second 

stage. A LNA using 0.5 µm CMOS technology is designed 

using a 3 V supply. A power gain of 19 dB, NF of 2.4 dB and 

input reflection coefficient of -10 dB is observed while drawing 

a current of 3mA. 

A 2.4 GHz two stage cascade topology LNA using 0.35 µm 

CMOS process has been proposed in the paper [40]. The LNA 

using cascade topology uses series inter-stage resonance. So, it 

is a current sharing amplifier. Here, the two common source 

amplifiers are not cascaded directly but an inductor in series 

resonance with capacitor is present. The series resonance 

provides low impedance at the drain of the first transistor in the 

cascade stage so that common source stage of the first transistor 

does not experience Miller effect. A supply of 2 V is and a 

power gain of 21 dB along with NF of 1.24 dB has been 

observed. A current of 2.5 mA is drawn by the circuit.  

Two CMOS LNA has been designed in the paper [41] one is 

single ended LNA while the other is differential LNA and fully 

integrated without off chip components. In the single ended 

LNA cascode topology is used and a degenerative inductor is 

also present at the source of the first amplifier in cascode 

architecture. Here, the input matching is obtained by the two 

inductor present at the gate of first amplifier present in cascode 

topology while the output matching is obtained by tuning of the 

load inductor and output capacitor. The simulation results of 

single ended LNA is input reflection coefficient of -17 dB, 

reverse isolation of -24 dB, gain of 15 dB, output reflection 

coefficient of -23 dB, NF of 2.2 dB. Also, a power dissipation 

of 4.8 mW is obtained from 3.3 V supply. In the differential 

LNA architecture, the single ended LNA architecture is present 

in differential form. The differential LNA architecture is 

studied because the single ended LNA architecture is sensitive 

to ground parasitic inductance while the differential LNA is not 

affected by the common mode interference. The simulation 

results of differential LNA is input reflection coefficient of -19 

dB, reverse isolation of -35 dB, gain of 20 dB, output reflection 

coefficient of -21 dB, NF of 2.4 dB. A power of 7.2 mW is 

dissipated from 3.3 V supply. The layout is designed using 0.25 

µm CMOS process and the layout area of single ended LNA is 

2.05 mm x 1.28 mm while the layout area of differential LNA 

is 1.62 mm x 1.28 mm, which is smaller than the single ended 

LNA.  

The LNA designed using 0.35 µm CMOS uses the conventional 

cascode LNA topology with degenerated inductor in 

differential form [42]. Since, the mismatch occurs at CS and CG 

amplifier present in cascode topology the spiral inductor is 

present between the amplifiers in the cascode stage so as to 

improve the matching. At the output two source follower 

namely (M6 and M7) transistor along with a resistor form a 

current source and also, current mirror is formed by another 

transistor (M5) with M6.  The LNA circuit is simulated for 

2.4GHz and using a supply of 2 V. A power gain of 19.9 dB, 

reverse isolation of -47.8 dB, NF of 2.5 dB and IIP3 of 2 dBm 

is obtained with a power dissipation of 14.7 mW.  

A 2.4 GHz fully differential LNA is proposed in [43]. The LNA 

circuit core has a cascode design so as to remove the Miller 

effect and improve the reverse isolation. The linearity of the 

LNA is required such that if the user is close to the transmitter 

the linearity from minimum detectable signal to -12 dBm is 

achieved. However, the LNA is able to meet these 

specifications but the signals overdrive the subsequent stage. 

So, to overcome this problem the LNA in this paper is designed 

to have a low gain so that it could suppress input signals that 

have large level to desired level. Moreover, so that linearity is 

improved and current is reduced. A network of NMOS devices 

are used which acts as bypass switches along with cascode 

architecture to implement low gain stage and to avoid feedback 

that causes unstable condition. A 0.25 µm CMOS process is 

used to design the LNA architecture. NF, gain, input return loss, 

output return loss, reverse isolation and IIP3 observed are 2.88 

dB, 14.7 dB, >7 dB, >10 dB, >25 dB and -1.5 dBm respectively 

for a high gain mode whereas for low gain or for bypass mode 

the NF, gain, input return loss, output return loss, reverse 

isolation and IIP3 observed are 14.2 dB, -14.2 dB, >9 dB, >10 

dB, 14.2 dB and 19 dBm. A current of 11.4 mA is consumed in 

high gain mode while no current is consumed in low gain mode.  

 [34] [35] [36] [37] 

Technology 

(µm) 

0.6 0.35 0.18 0.25 

Supply (V) 3.3 1.5 1 2.5 

S21 (dB) 18 13.7 11 15.2 

NF (dB) 2.3 1.97 1.8 2.8 

IIP3 (dBm) -4.94 - 0 16 
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A conventional cascode LNA with degenerated inductor is used 

in the LNA circuit to be operated at 2.4 GHz [44][45]. The 

circuit also contains additional capacitor in parallel to the gate 

capacitor of the CS amplifier present in cascode topology so 

that low power is dissipated and noise performance is 

optimized. An additional interstage inductor is present between 

CS and CG stage so that matching is improved and also gain is 

increased. This circuit is implemented using TSMC 0.18 µm 

CMOS process. 1.2 V power supply is used in the circuit and 

power dissipation of 2.4 mW is observed. Also, S11 = -22.4 dB, 

S12 = -48.9 dB, S21 = 12.9 dB, S22 = -21.6 dB and a NF of 0.76 

dB is observed. 

A two stage LNA using 0.18 µm CMOS process has been 

designed in the paper [46]. The first stage is in CS inductively 

degenerated cascode configuration followed by second stage 

which is source follower. In the first stage the input transistor is 

the main noise contributor while the second transistor 

contributes to the linearity more than first transistor or input 

transistor. The circuit uses a supply of 1 V and dissipates a 

power of 13 mW. The S11 obtained is -16.8 dB, S12 obtained is 

-51.7 dB, S21 obtained is 23 dB, S22 obtained is -10.2 dB, NF 

obtained is 3.8 dB and IIP3obtained is -9.1 dBm.  

A LNA operated at 2.4 GHz, with improved matching has been 

proposed in the paper [47]. The LNA circuit utilizes 

conventional cascode topology with degenerated inductor at the 

input. Here, to improve the input matching a capacitor is placed 

at the gate of the first MOS device present in cascode topology. 

The circuit is implemented using 0.18 µm CMOS process. The 

value of the degenerated inductor is 0.17 nH if capacitor is not 

present i.e. the circuit is not improved while the value of 

inductor reduces to 0.5 nH is the circuit is improved. The gain 

and NF of the circuit with traditional input stage is 24 dB and 

0.24 dB while of the modified circuit is 21 dB and 0.39 dB.  

A switched LNA used for Bluetooth applications i.e. at 2.4 GHz 

has been fabricated in [48] using 0.18 µm CMOS process. The 

switched LNA circuit has CS cascode inductively degenerated 

topology as the core and for attenuation and switching function 

has an additional circuitry. The switching logic and attenuation 

network are the main parts of the switched LNA. Large 

isolation is provided between input and output so that at all 

frequency unconditional stability is achieved because the LNA 

performance should not be influenced by the attenuation path 

when the circuit is operated in the gain mode. By using the 

inverter the LNA core is switched off in the attenuation mode. 

The bypass switch consists of two MOSFETS in the series 

combination having there gate controlled by the gate voltage. 

An area of 0.79 mm2 is required by the device. A gain of 7 dB, 

NF of 3 dB and attenuation of -17 dB is obtained by the circuit 

using 1.8 V supply. Also, 7.6 mW power is consumed.  

A LNA is designed to be used at 2.4 GHz, using 0.18 µm CMOS 

technology in [49]. A cascode LNA structure have been used in 

the LNA design with first amplifier in the CS configuration and 

second amplifier in the CG configuration and LC network as 

the load used for tuning the output. The bias circuit consists of 

diode connected transistor and for the first transistor it generates 

the bias voltage.  The LNA circuit using 1.8 V supply is 

simulated in Winspice3. A voltage gain of 51 dB and NF of 1.65 

dB and power dissipation of 3.15 mW is obtained. 

A low voltage LNA amplifier working at 2.4 GHz have been 

proposed and designed in the [50]. To reduce the voltage, folded 

cascode architecture is used. The CS stage and CG stage of the 

cascoded topology is folded into two paths. The RF traps are 

also added in the circuit as at DC they act as short circuit and at 

operating frequency they act as open circuit. LC tank circuit is 

present at the drain of Cs stage and at the source of the CG stage 

so that they act as RF trap when they resonate at frequency of 

operation. Between the two paths a capacitor is added and is 

called as coupling capacitor as couples RF between the two 

stages. The LNA requires only 0.6 V supply and is designed 

using 0.18 µm CMOS technology. The input reflection 

coefficient is -43 dB, power gain is 13.8 dB, reverse isolation is 

-36.5, output reflection coefficient is -30.8, NF is 1.56 dB and 

IIP3 is -2 dBm. The chip size is 1.1 mm x 1.1 mm. 

A fully integrated CMOS LNA working at 2.4 GHz is designed 

in [51]. So, that inductors values are fully integrated and input 

loss is minimum even if the on chip inductors are used that have 

low quality factor than off chip inductor. This is achieved by pi-

matching the input. Active device sizing method and lossless 

feedback is also used to achieve low NF and 50 Ω impedance 

at the input. The LNA core uses cacsode topology with a 

degenerated inductor at source as the feedback. 0.28 µm CMOS 

foundry design kit is used to design the LNA circuit. A NF of 3 

dB, a voltage gain of 31 dB and input reflection coefficient of -

30 dB is obtained along with a power consumption of 10 mW 

when a supply of 2.5 V is used.  

CMOS LNA is designed using CS cascode configuration 

having a degenerated source inductor which along with the gate 

inductor which is used to control resonant frequency, is used to 

achieve input impedance matching. A biasing circuit uses 

another transistor forming a current mirror with CS amplifier 

stage in cascode structure for biasing the cascode stage. CS 

amplifier is used in output stage. A 3.3 V of power supply is 

used in the circuit designed in 0.25 µm CMOS technology and 

a current of 5 mA is consumed. Hence, dissipating a power of 

16.5 mW. An input reflection coefficient of -13.4 dB, output 

reflection coefficient of -18.3 dB, gain of 21.63 dB, NF of 1.8 

dB and 1 dB compression point is obtained at -19 dBm for 2.4 

GHz frequency. Layout of the circuit is formed using Cadence 

Virtuoso Editing tools and thus, an area of 0.8 mm x 0.6 mm is 

occupied by the chip [52].  

In the paper [53] a CG LNA circuit is designed which at input 

matching network adds additional degree of freedom and at low 

power consumption improves the NF. So, a differential CG 

LNA has been designed that uses gm technique. To increase the 

value of transconductance of the transistor, a capacitor in series 

with inductor is placed at the two differential input stage. Thus, 
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producing series resonance to increase the gain of the LNA. The 

circuit is designed using 0.18 µm CMOS process and consumes 

a power of 0.98 mW from a supply of 1 V. The circuit requires 

a total chip size of 0.98 mm x 1.2 mm and gives a value of -11 

dB for input reflection coefficient, 15.5 dB for gain, 5.2 dB for 

NF and -19 dBm for IIP3.  

A two stage LNA is designed using 0.13 µm CMOS process for 

2.4 GHz frequency. The LNA consists of a core part and a 

buffer stage. A self-biased cell is present in the core LNA stage 

and a 3 bit DAC is used to control its supply voltage, varying 

from 0.4 V to 0.6 V. Also, between the two transistor’s gates a 

decoupling capacitor is used to reduce the supply voltage 

further. The buffer stage is used to provide output impedance 

matching. A maximum gain of 15.7 dB and a minimum NF of 

4.6 dB is obtained at 0.6 V. IIP3 is -12.2 dBm for 0.4 V and -

12.6 dBm for 0.5 V. The circuit consumes a power of 60 mW 

from 0.4 V supply and a chip area of 0.63 mm2 is required for 

the circuit [54].  

A LNA is designed using 0.13 µm CMOS technology for 

wireless sensor network application. The designed LNA circuit 

is of two stage. The first stage consists of cascode topology with 

degenerated inductor at the source which provides matching of 

input impedance and high stability. The second stage consists 

of a CS amplifier which is used for increasing the gain of the 

system. The load of the first stage is RLC network which act as 

RF choke and hence, is used to select the output frequency. The 

load of second stage is an inductor. The supply voltage is 1.2 V. 

The circuit is simulated in Cadence Spectre RF giving value of 

input reflection coefficient, output reflection coefficient, gain, 

NF and IIP3 as -26.9 dB, -20.6 dB, 23.6 dB, 5.6 dB and -1 dBm 

respectively. Chip area is 0.89 mm x 0.72 mm. Also, a power 

of 8.1 mW is consumed [55]. 

A CG LNA is designed using 0.18 µm CMOS process [56]. The 

proposed LNA consists of two NMOS CG stage transistor and 

two PMOS CG stage transistors. Two capacitors and large 

resistors forms CCC topology. PMOS transistors has resistors 

as load which provide amplified signal which is cross coupled 

to the gates of NMOS transistors forming gm boosting topology. 

The circuit requires 1.8 V power supply and consumes a power 

of 0.58 mW. It is observe that input reflection coefficient is less 

than -18 dB, gain is 14.7 dB, NF is 4.8 dB and IIP3 is 2 dBm. 

An area of 0.62 mm x 0.63 mm is required by the LNA.   

A CS cascode inductive degenerated topology using current 

reuse technique is proposed in [57]. The degenerated inductor 

along with input inductor is used to achieve input impedance 

matching. The CS amplifier’s output is cascaded to the CG 

amplifier so as to decrease Miller effect and thus are present in 

cacsode configuration. Output of CG amplifier goes to another 

CS amplifier’s gate through a capacitor and an inductor is also 

present between CG amplifier stage and another CS amplifier 

stage for current reuse. A 0.18 µm CMOS technology is used to 

design the LNA circuit. A supply of 1.8 V is used and 10.08 

mW of power is consumed. The simulated results show that the 

input matching is less than -10 dB, gain is 26.5 dB, NF is 3.8 

dB and IIP3 is -10.3 dB for 2.4 GHz frequency.     

A CS inductive degeneration topology using complementary 

current reuse technique is used in designing of the LNA along 

with transformer coupled at both the input and the output. On 

the top of a PMOS amplifier a NMOS amplifier is placed 

symmetrically so that DC current is shared between them. 

Inductors are used as load to increase the operating frequency 

and also to bias NMOS output at supply voltage and PMOS 

output at the ground. Thus, removing feedback circuit which is 

used in traditional current reuse technique. A 90 nm CMOs 

technology is used in fabrication of the LNA and requires a chip 

size of 1.0 mm x 0.75 mm. 1.2 V power supply is used in 

fabrication of the LNA and a power of 3 mW is consumed. The 

input and output reflection coefficient is less than -10 dB, gain 

is 13 dB, NF is 1.8 dB and IIP3 is -8.9 dBm [58].   

The proposed LNA uses CS inductive degeneration topology 

for 2.4 GHz frequency. The LNA circuit uses transformer as the 

load. The circuit is designed using 0.18 µm technology. The 

simulated graph shows that the value of input reflection 

coefficient is -2.625 dB, reverse isolation is -57.166 dB, gain is 

15.71 dB, output reflection coefficient is -47.36 dB, NF is 2.447 

dB and IIP3 is -20 dBm. A power of 6.5 mW is consumed from 

a supply of 1.8 V [59].  

  

 

TABLE VII. COMPARISON OF LNA AT 2.4 GHZ  
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8. 5 GHz/WLAN 

 

A 5 GHz LNA circuit is designed using 0.25 µm CMOS 

process in [60]. The LNA circuit utilizes differential 

design formed by pair of single stage cascode amplifiers. 

The amplifier in CS configuration in cascode topology 

has an inductor is that is used as degenerated inductor at 

source so as to increase linearity. At the gates of the CS 

amplifiers input signal is applied through inductor. This 

inductor along with degenerated source inductor forms 

input matching. Moreover, inductor is also used as load 

at the drain of CG amplifier present in cascode topology 

which along with output capacitors form output 

matching. The gates of CG amplifiers when connected to 

3 V supply is used to bias the circuit. The LNA circuit 

area on chip is 830 µm x 390 µm. A gain and NF is 16.6 

dB and 2.38 dB respectively is obtained if power 

dissipation is 48 mW and, is 14.4 dB and 2.8 dB if power 

dissipation is 24 mW. For a power dissipation as low as 

12 mW power gain is 11.6 dB and NF is 3.5 dB. The 

circuit also provides reverse isolation of -26 dB and IIP3 

of -1.5 dBm.  

A 5 GHz LNA to be used in wireless LAN receiver has 

been fabricated in the paper [61] using 0.18 µm CMOS 

technology. The proposed LNA circuit consists of an 

amplification stage followed by an output buffer. The 

amplification stages utilizes cascode topology that uses 

two n-channel MOSFET, of which one of the NMOS is 

in CS stage while other NMOS is in CG stage. The input 

is applied at the gate of the CS stage and a source 

degenerated inductor formed by parallel combination of 

the three bond wires is connected at the source of the CS 

stage. The output buffer is used to convert amplified 

signal to differential. Also, a VGA cell is present in 

parallel to LNA input so as to adjust gain to increase the 

dynamic range. The simulated S21 parameter of LNA is 

25 dB, NF is 1.5 dB and the amplification stage 

consumes a current of 6 mA from 1.5 V.  

A LNA using FDC has been designed for 5 GHz, using 

0.25 µm CMOS technology in [62]. The original LNA 

circuit is same as conventional cascode LNA circuit with 

load as inductor. Two large resistive dividers are used as 

couplers for simplification of the circuit and noise 

minimization while unit gain CS amplifier having 

inductor as load is used as time delayers. So, for 

cancellation performance to be best the delay constant 

and coupler coefficient should be optimized.  Also, a 

multiplier is formed by two MOS namely M1 and M2. 

The output of the original LNA is coupled to M2 acting 

as source follower while the M1 is in saturation and 

coupled signal is fed into it. The simulation is carried out 

in Agilent ADS. A power gain of 17.4 dB, NF of 1.22 

dB, reverse isolation of -32 dB, input reflection 

coefficient and output reflection coefficient both of -23 

dB is provided by the whole LNA. Without degrading 

any noise and gain the IIP3 is boosted from 5 dBm to 21 

dBm. 

A RF CMOS LNA performance at 5 GHz has been 

analyzed using 90 nm technology for designing. The 

LNA architecture uses a CS cascode topology with 

source degenerated inductor. The input signal is applied 

to the gate of CS amplifier in cascode topology through 

inductor and inductor is also used as load. A gain of 13 

dB along with NF of 2.7 dB is obtained by the circuit 

using 1.2 V power supply and consuming power of 9.7 

mW [63].    

The LNA is proposed for 5 GHz frequency in [64] 

designed using 90 nm CMOS process. The proposed 

LNA design consists of a cascoded amplifier using gm 

enhanced technique which is followed by feedback 

transistor in source follower configuration. A capacitor 

is used to DC block the feedback resistor. Another source 

follower is used which form transconductance with the 

mixer. A 42 mW of power is consumed from 2.7 V 

power supply. The simulation results shows that the S11, 

gain, NF and IIP3 is -13 dB, 25 dB, 2 dB and -14 dBm 

respectively [64].  

 [48] [49] [50] [51] [52] [53] [54] 

Technology 

(µm) 

0.18 0.18 0.18 0.28 0.25 0.18 0.13 

Supply (V) 1.8 1.8 0.6 2.5 3.3 1 0.4-

0.6 

S21 (dB) 7 51 13.8 31 21.63 15.5 15.7 

@ 0.6 

V 

NF (dB)   1.56 3 1.8 5.2 4.6 

@ 0.6 

V 

IIP3 (dBm) 3 1.65 -2 - - -19 -12.2 

@ 0.4 

V 

 [55] [56] [57] [58] [59] 

Technology 

(µm) 

0.13 0.18 0.18 90 nm 0.18 

Supply (V) 1.2 1.8 1.8 1.2 1.8 

S21 (dB) 23.6 14.7 26.5 13 15.71 

NF (dB) 5.6 4.8 3.8 1.8 2.447 

IIP3 (dBm) -1 2 -10.3 -8.9 -20 



 

125 
 

A differential LNA having variable gain have been 

designed for WLAN application. The core of LNA 

circuit is cascoded CS inductive degenerated differential 

topology. Another set of transistors, known as cascoded 

transistor is cascoded with the input stage and forms CG 

stage. They are also implemented in differential pair and 

are present between input transconductor and the load 

giving rise to variable gain characteristic. The circuit is 

designed using 0.18 µm technology and 1.5 V supply. 

The simulation results of the circuit simulated in 

Cadence Spectre RF is -11.8 dB input reflection 

coefficient, -17.75 dB reverse isolation, 12.34 dB gain, 

3.98 dB NF and -1.24 dBm IIP3 for high gain mode and 

have -25 dB input reflection coefficient, -23.9 dB reverse 

isolation, 6 dB gain, 4.25 dB NF and 1.71 dBm IIP3 for 

low gain mode. LNA circuit requires an area of 1.3 mm 

x 1.9 mm [65].  

In [66] LNA using ultra low voltage supply of 0.6 V is 

designed using 0.13 µm technology. The LNA utilizes 

CS amplifier along with darlington pair. Darlingtion pair 

is implemented using resistive degeneration as improves 

linearity and the noise. The gate source voltage of the 

common source stage is provided by the quiescent 

current of darlington pair transistor, flowing through the 

degenerated resistor. The circuit is simulated in spectre 

giving value of input reflection coefficient less than -10 

dB, voltage gain of 25 dB, minimum NF of 1.8 dB and 

IIP3 of 10 dBm while consuming a power of 0.85 mW. 

 

TABLE VIII. COMPARISON OF LNA AT 5 GHZ 
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9. 5.2 GHz 

 

A 5.2 GHz LNA is implemented using interstage series 

technique in [67]. The LNA circuit consists of two stages, the 

stage 1 consists of a CS amplifier (M1) and a diode connected 

transistor (M4) which is used for voltage drop and to decrease 

the quality factor of the inductor so as to increase stability. The 

stage 2, uses the cascode architecture consisting of two 

transistor and a degenerated inductor to improve the linearity. 

The inductor used as load and output capacitor is used for 

output matching. An inductor is present between the two stages 

thus acting as interstage inductor. The circuit is designed using 

0.18 µm CMOS technology and uses 2.7 V supply. A gain of 

18.9 dB, NF of 1.7 dB and OIP3 of 12.9 dBm is obtained. Also, 

a power of 22.3 mW is consumed.   

A LNA having two stage which uses current reuse technology 

and interstage series resonance is designed in [68]. A CS 

amplifier and a cascode stage is used having an inductor 

between them. Another inductor is present as a load and uses 

capacitive interstage coupling having an inductor in series. The 

value of inductor and capacitor are adjusted for series 

resonance. The interstage series resonance technique is used as 

is less affected by substrate effect and high gain is provided 

along with less stability issues. The LNA circuit is designed 

using 0.35 µm CMOS process with a power supply of 3.3 V for 

5.2 GHz. A power gain of 19.3 dB is observed along with NF 

of 2.45. Also, OIP3 of 13.2 dB is observed while consuming a 

current of 8 mA. 

A 5.2 GHz LNA is designed and implemented using 0.25 µm 

technology [69]. A common source inductively degenerated 

topology is used. CS cascode transistor having inductor at the 

source of value 0.516 nH with quality factor of 10.5 is used so 

that the gate drain capacitance effect of CG transistor is reduced 

and also, interaction between tuned output and tuned input is 

reduced. Resistors are used to form the bias circuit. The circuit 

is designed using ADS. The simulated value of S11, S12, S21, S22 

and NF is -10.04 dB, -25.2 dB, 11.04 dB, -11.05 dB and 3.249 

dB.   

 

                                TABLE IX. COMPARISON OF LNA AT 5.2 GHZ 

 

 

 

 

 

 

 

 [67] [68] [69] 

Technology 

(µm) 

0.18 0.35 0.25 

Supply (V) 2.7 3.3 - 

S21 (dB) 18.9 19.3 11.04 

NF (dB) 1.7 2.45 3.249 

OIP3 (dBm) 12.9 13.2 - 
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10. 5.8 GHz 

 

A 5.8 GHz LNA that can control gain and frequency is designed 

in [70] using 0.18 µm CMOS technology. The proposed circuit 

uses folded cascode configuration that uses NMOS and PMOS 

for reduction of supply voltage. Here, gate voltage of PMOS is 

controlled to attain gain control i.e. adjusting overall gain of the 

LNA without affecting its input noise and input matching which 

depends on NMOS. Moreover, varactor is added at resonant 

tank circuit for achieving the frequency tuning. S11, S21, S22, NF, 

power dissipation and gain tuning are -5.3 dB, 13.2 dB, -10.3 

dB, 2.5 dB, 22.2  mW and 12.8 dB respectively for a supply of 

1V and are -7.1 dB, 7 dB, -12.3 dB, 2.68 dB, 12.5 mW and 7 

dB respectively for 0.7 V supply. The frequency tuning for both 

1 V and 0.7 V supply is 360 MHz. Also, the total chip area is 

0.9 mm x 0.8 mm including bonding pads.   

A two stage LNA circuit is designed in [71] using 0.35 µm 

1P4M (one poly layer for gate and four metal layers for 

interconnection) CMOS technology. The first stage is a CS 

architecture with degenerated inductor at its source while the 

second stage is a CG architecture. The two stages have an 

inductor between them. The voltage is applied to the gate of CS 

amplifier through inductor. The value of input reflection 

coefficient is -11dB, gain is 7.2 dB, output reflection coefficient 

is -17dB, NF is 3.2 dB and IIP3 is 6.7 dB. The circuit uses 1.3 

V and dissipates a power of 20 mW. The area required for the 

circuit without on chip pads is 0.63 mm x 0.46 mm.    

Cascode architecture is employed in designing of the LNA at 

5.8 GHz. The cascode configuration uses two transistor along 

with degenerated inductor and the gate of these transistors are 

connected to gate of other transistors that are also in cascode. 

The circuit design uses 1.5 V power supply and is designed 

using 0.18 µm CMOS process. A chip of area 0.9 mm2 is used. 

When the power dissipation is 15 mW then the minimum NF is 

1.5 dB and when the power dissipation is 8 mW then the 

minimum NF is 1.8 dB. However, if power dissipation is 15 

mW then the gain is 28 dB if LNA is followed by super source 

follower buffer and is 14 dB if output is matched to 50 Ω 

impedance while if the power dissipation is 8 mW then the gain 

is 23 dB if LNA is followed by supreme source follower buffer 

and is 13 dB if output is matched to 50 Ω impedance [72].  

 

 

TABLE X. COMPARISON OF LNA AT 5.8 GHZ 

 

11. 24 GHz/K Band 

 

A simple topology is chosen to design the LNA in 0.18 µm 

technology for 24GHz. The transistor uses three stages of 

common stage amplifier with inductive source degeneration. In 

the first stage of the circuit topology the transistor is scaled and 

the gate inductance is used for shifting of noise optimizing 

impedance to 50 Ω. Each stage output is loaded using high pass 

combination of inductor and capacitor so as to increase the gain 

and obtain parallel resonance. A input return loss of 11 dB, 

output return loss of 22 dB, reverse isolation of -33.18 dB, gain 

of 12.78 dB, NF of 5.6 dB and IIP3 of 2.04 dBm is obtained. 

Also, a current of 30 mA is consumed from 1.8 V supply.  The 

chip size is 1.05 x 0.7 mm2 [73][74].  

Cascoded two stage CS architecture is used in designing of 

LNA using 0.18 µm technology and to be operated at 24 GHz 

[75]. Here, for the noise, the first stage is designed and for the 

gain, the second stage is designed. The CS amplifier has 

degenerated inductor which is connected to the source and 

series combination of inductor and capacitor is used as load. A 

high pass combination of inductor and capacitor is used to as 

the interstage network. The simulated design has input return 

loss of 18 dB, output return loss of 23 dB, gain of 13.1 dB, NF 

of 3.9 dB and IIP3 of -12.3 dBm, a supply voltage of 1 V is used 

for operation consuming a power of 14 mW. 0.57 x 0.6 mm2 is 

the chip area.     

 

                         TABLE XII. COMPARISON OF LNA AT 24 GHZ 

 

 
 

 

B. Ultra-wideband 

 

The ultra-wide band (UWB) has been approved in US by the 

Federal Communication Commission (FCC), ranging from 3.1-

10.6 GHz, for use for commercial applications recently [76]. In 

the recent years, significant interest has been developed in Ultra-

wideband (UWB) technology for wireless communication, since 

a wide frequency band spectrum, transmission of data at very 

low power, high data rate and low cost is provided by it provides 

[77]. So, majority of LNA topologies for UWB is defined for 

frequency ranging from 3.1-10.6 GHz.  

 [70] [71] [72] 

Technology (µm) 0.18 0.35 0.18 

Supply (V) 0.7 1 1.3 1.5 

S21 (dB) 7 13.2 7.2 28 

NF (dB) 2.68 2.5 3.2 1.5 

 [73]/[74] [75] 

Technology 

(µm) 

0.18 0.18 

Supply (V) 1.8 1 

S21 (dB) 12.78 13.1 

NF (dB) 5.6 3.9 

IIP3 (dBm) 2.04 -12.3 
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The LNA for UWB has been designed in the paper [78] using 

0.13 µm CMOS technology. The proposed LNA circuit is 

divided into two stages and three sub-circuits, the first stage is 

CG as its input impedance is 1/gm so as to achieve the input 

impedance at 50 Ω. The second stage is CS amplifier stage. A 

matching circuit is present between the first and the second. The 

gain is of value 14.73 dB, S11 is below -10 dB, NF is less than 4 

dB.  

A two stage LNA based inverter is designed in [79] using 0.18 

µm CMOS technology. The NMOS transistor reuses the current 

of PMOS transistor. Therefore, for NMOS additional driving 

current is not required. Pi-matching is used to achieve input 

impedance matching. The LNA circuit uses 1.8 V power supply 

and consumes a power of 18 mW. The input reflection 

coefficient value is less than -10.7 dB, gain is 13.7 dB, NF is 2.3 

dB and IIP3 is -0.2 dBm. The power dissipated is 18 mW. The 

chip area is 0.39 mm2. 

Two stage cascode LNA topology with degenerated inductor is 

designed using 0.18 µm process. Between the CS and CG device 

an inductor is present The CG amplifier uses a resistor for 

feedback and hence, is called current reuse topology. Three 

section band pass Chebyshev filter is used at input to achieve 

wideband input matching and flat gain. The simulated results are 

20 dB maximum gain, -28 dB input return loss, -25 dB reverse 

isolation, -9.7 dB output return loss, NF ranging from 2.89 to 6.5 

dB and IIP3 of 10 dBm. The power consumed is 12 mW from 

1.8 V supply [80]. 

A LNA to be operated from 3.1 GHz to 10.6 GHz is designed 

using 0.18 µm process. The first stage consists of a CS transistor 

and CG transistor in cascode configuration having a degenerated 

inductor and an inductor between the two amplifier stages. Also, 

shunt feedback topology is used in the first stage. It is followed 

by two transistor in cascode of which one transistor is used as 

current source to bias the other transistor. The circuit is 

simulated in Agilent ADS. Gain of 19.982 dB, NF of 1.27 dB, 

input reflection coefficient of -31.670 dB, output return loss of -

7.449 dB is obtained [81].  

A noise cancelling LNA is designed in [82]. The LNA designed 

has two stage where the first stage or the input stage uses a 

current reuse circuit to save power and noise cancelling topology 

is utilized in the second stage of the LNA. The CMOS LNA is 

designed using TSMC 0.18 µm process and is simulated using 

Agilent ADS tool. The input and output return loss is less than -

10 dB, gain is 15.33 dB, NF is 2.65 dB and IIP3 is -5.5 dB. The 

LNA circuit using a voltage of 1.3 V and dissipates a power of 

9.1 mW.  

A CS amplifier using inductor for degeneration at source is 

present at the first stage of the LNA and at the second stage a CS 

amplifier is present. At the gate of the two amplifier two series 

peaking inductor is used. Resistive shunt shunt feedback is 

applied to the first stage. A supply of 0.8 V is used in the circuit 

and a current of 11 mA is consumed. The gain of 13.1 dB, 

reverse isolation of -25 dB, input return loss of less than -10 dB 

and NF of 3.25 dB is achieved. The circuit uses a chip area of 

0.6 mm x 0.75 mm [83]. 

A 90 nm CMOS low noise amplifier is designed in paper [85]. 

An inductively degenerated inverter cell is used as the first stage 

of the low noise amplifier design to operate over large 

bandwidth having high pass filter at the input to obtain low value 

of input reflection coefficient and desired low cutoff 

characteristics. The self-biased resistive shunt shunt feedback 

amplifier is present is second stage to decrease the consumption 

of power. The self forward bias technique is used to bias the first 

stage to achieve low power consumption goal. The simulated 

results shows that the input reflection coefficient is less than -10 

dB, gain is 13.9 dB, NF is 1.35 dB and IIP3 is -3 dBm. A power 

of 13.5 mW is consumed from 0.9 power supply.   

 

                                     TABLE XII. COMPARISON OF LNA FOR 3.1-10.6 GHZ 

 

IV. CONCLUSION 

From the above literature survey it can be concluded that for 

improving the performance of the LNA several techniques and 

topologies have been proposed. Out of the four basic topologies 

i.e. the CS with resistive termination, series shunt feedback, CG 

and, CS inductive degeneration topology; the commonly used 

and most efficient topology used as the LNA core is CS with 

inductive degeneration. It is the topology used for both 

narrowband and UWB. It is also most commonly used in 

differential form. Here, cacsode configuration is preferred to 

reduce miller and improves the reverse isolation. Secondly, CG 

topology is used if high input impedance matching is required. 

Most commonly used software for simulation of the LNA is 

Cadence Spectre RF and ADS. 
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Appendix IV:  

ADS  

(Advanced Design Simulation 

Software) 



 

 
 

 
In the field of radio frequency, microwave and high speed applications the leading 

automation design software is using EDA (Electronic Design Automation) software 

tool for simulation and designing and that software is Agilent ADS (Advanced 

Design System). A division of Keysight Technologies, Keysight EEsofEDA 

produces the ADS. An environment for integrated design is provided by ADS to 

radio frequency electronic product like satellite communications system, radar 

system and mobile phones designers. Each and every step of designing process such 

as schematic design, design checking, time and frequency domain circuit simulation 

and layout is supported by ADS for optimizing and characterizing radio frequency 

design. Therefore, the key benefits of the ADS system: 

 Complete schematic and complete layout environment. 

 Direct and full access to 3D EM field solvers. 

 Integration of design flow with Cadence, Mentor and Zuken. 

 Wireless libraries are up to date. 

 Process designing kits are developed in large number. 

  



 

 

 

 

 

 

Appendix V:  

802.15.4 and Zigbee 
 

 

 



 

 

IEEE 802.15.4 

In the open system interconnection (OSI) model, 802.15.4 standard defines the 

communication layer at level 2 i.e. data link layer. It allows the two devices to 

communicate with each other. Institute of Electrical and Electronics Engineering 

(IEEE) created the 802.15.4, which sets standards so that technological 

developments have same sets of rule. In the data link layer, information units i.e. bits 

are organized to become electromagnetic pulses in the lower level i.e. physical layer. 

The frequencies are distributed in 27 different channels which are divided into three 

main bands as follows: 

 

Frequency 868.0 - 868.6 MHz 902.0 - 928.0 MHz 2.40 - 2.48 GHz 

Geographical Region Europe America Worldwide 

Number of Channels 1 10 16 

Channel Bandwidth 600 KHz 2 MHz 5 MHz 

Symbol Rate 20K symbols/s 40K symbols/s 62.5K symbols/s 

Data Rate 20K bits/s 40K bits/s 250K bits/s 

Modulation  BPSK BPSK Q-QPSK 

 

Zigbee 

In the open system interconnection (OSI) model, Zigbee standard defines the 

communication layer at level 3 and the upper layer. It allows communication 

between numbers of device by creating network topology and also provides 

communication features such as authentication, encryption and association. Zigbee 

Alliance is the set of companies that created the standard. 
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