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Abstract- Now a days the need of compact devices with a high speed wireless communication systems are growing rapidly. 
Many technologies like CMOS, GaAs, Silicon on inductor (SOI), Sapphire, GaAlAs are being used for designing of a Low 
Noise Amplifier (LNA) but among all of them Complementary metal oxide semiconductor (CMOS) has become a 
competitive technology and widely used for the design of a radio transceiver for various wireless communication system due 
to several technology’s advantages like low power consumption, low cost and high accuracy. This presented paper proposed 
the design overview of a low noise amplifier (LNA) for ultra-wide band (UWB) applications ranging from 1.6GHz-10.6GHz 
using CMOS Technology. The proposed work to be carried out in such a way that to get a high gain (above 24 dB) and a low 
Noise figure (less than 1.7 dB) with a good linearity and better stability with the help of the ADS simulation software and the 
adaptation of 90nm CMOS process proposed a promising LNA circuit. 
 
Index terms- LNA, UWB, feedback, matching, Gain, Noise Figure, Reflection coefficient, Stability, S-parameter. 
 
I. INTRODUCTION 
 
In the era of wireless communication LNA gains a 
significant importance as it is placed in the front end 
of RF receiver but also in microwave/millimeter-
wave transceiver systems. In many ways LNA plays a 
vital role to amplify and boost the weak signals which 
are captured by the antenna. LNA increases the 
antenna efficiency and performance of the receiver 
without degrading the signal to noise ratio. 

 
Figure 1: Block diagram of RF receiver 

 
LNA plays an important role to decide the Quality of 
signal. 
Figure 1 shows Signal captured by antenna is given to 
the Low Noise amplifier. LNA is used to amplify and 
boost the weak signals which is captured by antenna 
andproduces a strong signal. The mixerisused to 
remove the carrier of the signal. In order to balance 
the amplification as well as attenuation of the 
received signal we prefer to use automatic gain 
control (AGC) and also we use analog to digital 
converter (ADC) for converting the analog signals 
into digital signals then the signal is fed to DSP 
Processor for further processing.  There are plenty of 
applications like satellite communication, radio 
astronomy, millimeter-wave (MMW) and in 
microwave circuits where LNA plays a vital role and 
achieves more significant importance. For the 

application like radio astronomy, an extremely 
sensitive receiver is needed, such as the Atacama 
large millimeter/sub-millimeter array (ALMA). 
 
II. DESIGN PROCEDURE FOR LNA 
 
In each and every communication receiver, LNA is 
the most significant component of any system design. 
The front end of RF receiver is LNA which is being 
used to amplify the received signals coming from 
antenna but also to reduce the losses in a feed line as 
much as possible. 

 
Figure 2: LNA Block diagram 

 
Figure 2 shows the different stages of LNA in which 
the Signal captured by the antenna is given as input to 
block of the input matching network. This block 
manages matching. Matching is necessary to connect 
various components of devices and capacitor. Also it 
is required to transfer the maximum power from 
source to load. Biasing is required to provide external 
voltages or a battery to the main block of the 
amplifier. There are several stages of LNA are 
arranged in a cascaded fashion to boost the gain then 
there is a block of the output matching network. Input 
matching network and output matching network must 
be a complex conjugate of each other if there is 
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mismatching, distortion occurs as filters are intended 
to operate in 50Ω impedance. 
The platform using to design LNA is Agilent’s 
Advance Design System (ADS). Agilent is an 
American company. It gives the complete schematic 
capture and layout environment. Integrated set of fast, 
gives accurate and easy-to-use system. It has a huge 
number of PDKs (Process Design Kits) evolved and 
maintained by leading industry and foundry partners. 
 
III. DESIGN STEPS FOR LNA 
 
Selection of a transistor with proper characteristics is 
a heart of  LNA. 
Importantly, for the transistor working at saturation 
region some negative voltages are required and hence 
by applying the self-bias structure to the circuit, so 
there is only one voltage Vcc is required. This is a 
really convenience method for application and while 
designing the amplifier it is far important to match 
the amplifier circuit. 
 

 
 
IV. LNA DESIGN METRICS 
 
4.1. Scattering parameter 
The scattering parameters are widely used in RF and 
microwave circuits to represent the scattering or 
reflection functions of the traveling wave when n-port 
network is inserted into a transmission line.  They are 
also known as s- parameters. 
 

 
Figure 3: Two port S- parameter network 

Matrix is given by:- 
ቂb1
b2 ቃ = ቂS11 S12 

S21 S22ቃ ቂ
a1
a2ቃ 

A two-port network in Figure 3 is used to explain the 
definition of the S-parameters, where a1 and a2 
represent the incident waves and b1 and b2 represents 
the reflected waves. All this parameters S11, S22, 
S12, S21 represent reflection and transmission 
coefficient are called as   S- parameters.   
 
Where, 
Input reflection coefficient 
S11 = b1/a1 |a2=0 
Output reflection coefficient 
S22 = b2/a2 |a1=0 
Reverse isolation  
S12 = b1/a2 |a1=0 
Forward transmission gain 
S11 = b2/a1 |a2=0 
 
Where,  
the s-parameter relates the four wave as, 
b1 = S11 a1 + S12 a2 
b2 = S21 a1 + S22 a2 
4.2. Gain:- 
Gain is one the chief component of the Low Noise 
Figure, the gain is given in the term of ratio of output 
of system to the input of the system. 
4.3. Input return loss (S11):- 
The scalar measure of how the actual input 
impedance value is close to the nominal impedance 
value of the system is known as the Input return 
loss(RL in), also expressed in logarithmic magnitude 
as, 
RL in = | 20 log10 |S11|| dB 
4.4. Output return loss (S22):- 
The scalar measure of how the actual output  
impedance value is close to the nominal impedance 
value of the system is known as the Input return 
loss(RL out) also expressed in logarithmic magnitude 
as, 
RL out = | 20 log10 |S22|| Db 
 
4.5. Noise figure:- 
There are various components in the RF signal chain 
and the noise figure is the measure ofdegradation of 
signal-to-noise of the system. The overall effective 
performance of the system is to be determined by NF. 
The noise figure (NF) is also commonly used to 
define the noise generated by the system. 
 

NF = 10 log ൬
SNRin

SNRout
൰dB 

4.6. Stability:- 
Stability is the one of the important parameter in 
designing of RRF system. Stability is given in terms 
of at a range of frequency that has tendency to 
oscillates, and it is evaluated by the factors K and ∆; 
 
Where, 
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The device will unconditionally stable when K > 1 
and ∆ < 1. 
4.7. Impedance matching 
Impedance matching is also the major parameter of 
the RF circuit design. There are two matching 
networks input impedance matching network and the 
output impedance matching network, both are 
complex conjugate of each other, the matching is 
essential to interconnect the number of components in 
the system. In order to transfer the maximum power 
from source to load proper matching is required, but 
in AC circuits the maximum power transferred from 
source to load when ZL and ZS are complex 
conjugate of each other. In the complex conjugate the 
real part is the same but opposite reactance. Complex 
conjugate easily given as Zs = R + jX then conjugate 
will be Zs = R - jX. 
 

 
Figure 4: Concept showing matching network 

 
V. TOPOLOGIES 
 
Common-source, Common-gate, cascade, cascade 
and RF feedback are much determined LNA 
topologies. Table 1 shows a precise comparison 
which are based on the most relevant parameters for 
LNA design. 
 

Table 1: Comparison between LNA Topologies 

 

Table 2: PERFORMANCE COMPARISON OF RECENTLY 
PUBLISHED CMOS LNA 

 
 
CONCLUSION 
 
This paper focuses on a process to be followed while 
designing a LNA which is suitable for wideband 
applications using Gain Enhancement technique 
using CMOS with 0.90nm Technology file. This 
gives better performance parameters such as high 
gain, low noise figure, good linearity and good 
stability. 
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