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ABSTRACT 

Low Noise Amplifier also known as LNA is one of the most significant component for application in 
wireless communication system. It is a very important part in RF receiver because it can reduce noise of 
gain by the amplifier when the noise of the amplifier is received directly. The low noise amplifier has been 
designed to get the better performance by follow the requirement in this new era consists of high gain, low 
noise figure, lower power consumption, small chip area, low cost and good input and output matching.  In 
this research, a LNA schematic consists of three stages which are common gate amplifier, common drain 
amplifier and active inductor is designed to mitigate this constraint. Common gate and common drain are 
used for input and output stages in every LNA. Both are also used for excellent input and output matching 
and have a potential to get a lower noise whereas for active inductor, it is used to obtain the lower power 
consumption and to reduce the chip size in layout design. The results show that the proposed LNA is able to 
achieve the best performance with a simulated gain of 14.7dB, extremely lower power consumption of 
0.8mW, noise figure of 7dB and small chip area 0.26mm². Consequently, this modified LNA is appropriate 
for low-voltage applications especially in wireless communication system. 

Keywords: Low Noise Amplifier, inductor, cadence, RF receiver and high gain.  

1. INTRODUCTION 

Low noise amplifier also known as LNA is a 
special type of electronic that widely used in 
wireless communication system. A LNA can be 
found in RF transmitter and receiver for the basic 
building block in communication system.  Hereby, 
LNA is a very important part of the receiver 
because it is placed at the front of the receiver and 
act as an amplifier to amplify the received signals 
as an electronic amplifier in order to get the level 
that required with the minimum produced their own 
additional noise. Basically, radio receiver consists 
of amplifier, mixer and filter. 

Furthermore, the main function of LNA is to 
amplify a very low signal. This amplification is 
without adding noise to maintain the required signal 
to noise ratio at very low power level and for higher 

signal levels and also the receiver which is receiver 
sensitivity can be received when the amplification 
provides the first level. By using this design, the 
noise  can be reduced by the gain and also by the 
amplifier while the noise of the amplifier is 
inoculated directly into the received signal. 

In figure 1, it shows that the basic of RF 
transmitter and receiver block diagram. It 
commonly used to modulate and demodulated the 
transmission of RF signal. The function of the 
transmitter is to carry the signal whereas the RF 
receivers  receives the signal. Nowadays, the 
technology has been growing up from time to time 
and as well as consumer demand requirement that 
followed the requirement in RF transmitter 
receivers such as low noise, high gain, low cost, 
smaller size and good input and output matching. In 
this proposed project, a design will be created in 
order to fulfil these requirements. 
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Figure 1 Block Diagram Of RF Transceiver[1] 

2. LNA TOPOLOGIES 

Low noise amplifier is the first stage in and it 
is very important part in RF receivers. Hereby, low 
noise amplifier should be matched with the antenna 
characteristic. The characteristics of antenna are 
excellent input and output matching and high gain.  

To optimize the low noise amplifier design, the 
suitable topology should be selected for low power 
and low voltage. For shunt series feedback common 
source topology, it is difficult to trade of among 
gain, small noise figure and good input and output 
matching with very low power consumption. 
Meanwhile, for common gate topology, the gain 
less than 10dB with very low power consumption.  

Next, the noise must add to the LNA because 
of the resistor thermal noise for resistor termination 
common source topology. Besides that, the 
specification is satisfied for inductive degeneration 
common source topology in very low power 
consumption but the isolation is not good enough 
compared to the cascade inductor source 
degeneration topology which can get the similar 
low noise amplifier performance with very low 
power consumption. Lastly, for cascade inductor 
source degeneration topology provides higher gain 
with a low noise figure.[2]  

Hence, there are several fundamental types of 
topologies for  low noise amplifier and a common 
low noise amplifier has been choosen for 
optimizing the LNA design. Figure 2 shows the 
toplogies of LNA: 

 

 

Figure 2 Fundamental Of Topologies LNA:(A) Shunt 

Series Feedback Common Source (B) Inductive 

Degeneration Common Source (C) Common Gate (D) 
Resistive Termination Common Source (E) Cascode 

Inductor Source Degeneration[2] 

3.  METHODOLOGY 

In this design there are mainly three stages in 
the proposed LNA. Every stage is explained in 
greater detail in Figure 3. 

 

Figure 3 Block Diaram Of Three Stages LNA[3] 

1. Common Gate Amplifier 

Basically, common gate amplifier is 
widely used in electronic field and one of three 
basic single stages field-effect transistor (FET) 
topologies. The advantages by using this FET 
are: 

 
i. Used as current buffer or voltage 

amplifier. 
ii. Used as input stage for LNA 
iii. Obtain input impedance matching. 

The input impedance depends only 
on the trans-conductance of CMOS 
shown in equation 1. 

��� � 1gm 

iv. Potentially has lower noise 
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2. Active Inductor 

The active inductor has been implemented 
in this design which performs the same 
function as passive inductors. Active inductor 
is a combination of CMOS transistors. To 
design a low noise amplifier it has a fewer 
difficulty but it has higher flexibility to get the 
input and output matching, easy to design the 
layout and it does not have the magnetic field. 
For this design it does not used the real active 
inductor as main function but change it with 
transistor that perform the same function with 
active inductor. The advantages by using active 
inductor are: 

i. To get lower power consumption. 
ii. Used to reduce chip area  
iii. Used to reduce complexity 
iv. Used to reduce cost 
v. Used to compensate for the affect 

of parasitic capacitors at high 
frequencies 

                         

 

          (a)                                                   (b) 

Figure 4 Active Inductor Circuit And His Equivalent 

Circuit[3] 

In figure 4(a) and (b), the quality factor (Q) 
inductance (L), and frequency (w) is calculated 
from the equation below:[3] 

� 	 
gm4gm3Cgs3 � �1 � Rfgds4�gds4�Cgs4  

This quality factor is high enough because it 
depends on Rf. 

� 	 				 Cgs3�1 � Rfgds4�gm4gm3  

� � 		 gm4gm3Cgs4Cgs3�1 � Rfgds4� 

After the design is implemented with the equivalent 
circuit, it has been improved by using double 
feedback with second order. Figure 5  shows the 
active inductor after the improvement. 

 

Figure 5 Double Feedback With Second Order 

Circuits[3] 

3. Common drain amplifier 

Common drain amplifier is one of three 
basic single-stages (FET) amplifier topologies 
also known as a source follower. It is usually 
used as a voltage buffer. The advantages by 
using this FET are: 

i. Used as a final stage in every LNA 
ii. Capable to get small output 

impedance matching 
iii. Potentially has lower noise 

4. LITERATURE REVIEW 

Based on the literature review, the comparisons 
of low noise amplifier design have been made to 
choose the appropriate schematic circuit for this 
project. From the comparison in Table 3, the first 
journal, Hamzeh Fatehi, 2013, that have been 
chosen because of the best performance in term of 
the parameters that have been compared which are 
technology, gain (db), frequency (Ghz), noise 
figure (db), power supply, power consumption and 
area/ die size[4] . Table 1 shows the comparison of 
the LNA design as below: 
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Table 1 Comparison Of The LNA Design 

(We are unable to place the figure here due to its size which is 

placed at the endof the manuscript)  

4.1 Proposed A Low Noise Amplifier Circuit 

 From the comparison the proposed a low noise 
amplifier circuit has been selected based on the best 
performance in term of the noise figure, high gain 
and power consumption. The proposed low noise 
amplifier circuit uses the active inductor to achieve 
the requirements. In addition, it is implemented 
with latest CMOS technology 0.13µm. 

(We are unable to place the figure here due to its size which is 

placed at the below of the manuscript)  

Figure 6 Schematic Of Proposed Low Noise Amplifier[3] 

4.2 Enhancement Circuit 

 This circuit will be modified from the 
researcher Hamzeh Fatehi. This design will 
enhance with the change of CMOS technology 
from 0.18µm to 0.13µm. Furthermore, the transistor 
size also will be change. 

Table 2  Transistor Width [3] 

 

 

4.3 Design Specification Of LNA 

There are some important specifications 
that LNA should achieve. The specifications of 
LNA design are indicated in Table 3 

Table 3 Specifications Of LNA Design[6] 

 

5. DISCUSSION AND RESULTS 

Design and analysis of low noise amplifier is 
designed and simulated by using CADENCE 
software with latest technology 0.13µm. The DC 
biasing voltage values for this design are V1= 1.1, 
V2=0.6, V3=0.6 and Vgg=0.7 respectively.  

In this new design the ratios (W/L) of the 
transistor that used in this circuit have been fixed. 
For the transistor lengths the value are 0.13µm for 
all transistors while the transistor width the value 
are different by using the manual calculation. 
Figure 7 shows the schematic circuit of the 
proposed LNA design and Table 4 shows the 
transistor ratio after the enhancement. 

 

Figure 7 Schematic Of Proposed Low Noise Amplifier 
After Enhancement 

Table 4: Size Transistor After Enhancement 
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5.1 Major Challenging 

While completing the design, there are major 
challenges arise of producing the right value of 
gain. On the first experiment, all the transistors are 
combined into one ground nodes. The result shows 
that, gain value is negative. So, it does not meet the 
requirement of gain which it must be in positive 
value. Then it proceeds to second experiment. The 
ground nodes are connected to each transistor 
respectively. Based on these experiments, it can be 
concluded that the ground nodes cannot be 
combined because of the input DC biasing value for 
each transistor is different. Figure 8 and 9 show the 
gain in negative value and positive value. 

 

Figure 8 Gain In Negative Value 

 

 

Figure 9 Gain In Positive Value 

The best design for low noise amplifier is 
capable to achieve the highest value of gain and it 
have to be more than 10dB based on the 
specification of LNA design [6]. An adjustment has 
been made to the value of DC bias. After few trials 
the highest gain is successful achieved is 14.7dB. In 
order to get this value, the Vgg decrease to 0.5 V 
while V1 is increased to 1.2 and the rest are 
remaining. The transistor width for M4 also 
changes to the 0.5µm. Table 5 shows the analysis 
that have been made to get gain in positive value. 

Table 5 Analysis Of Gain Value 

 

5.2 Transient Analysis 

The transient analysis is very important to the 
amplifier. It is because from this analysis it can 
proved that this design is an amplifier or not. The 
function of the amplifier is to amplify the output 
signal from the input signal. Therefore, to prove 
that this design is an amplifierm the output signal 
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must greater than the input signal. Figure 10 shows 

the simulation result of transient analysis. 

 

Figure 10 Transient Analysis Simulation 

5.3 AC Analysis Result 

After transient analysis is done, the AC analysis for 
LNA design is obtained. To achieve the desired 
specifications gain, optimum transistor width, input 
value of DC biasing voltage was the main criteria 
for design of LNA[15,16]. When high gain has 
been achieved the noise can be reduce by gain of 
the amplifier that captured by antenna. To obtain 
the gain of the LNA design, below expression can 
be used[17]: 

���� � 20log₁₀�VoutVin � 
For this design the gain is successfully achieved 
with 14.7dB based on the design specification. 
Figure 11 shows the simulation result of gain in AC 
analysis 

 

Figure 11 AC Analysis Simulation 

5.4 Summary Of Simulation Result 

The overall of the specification of LNA design 
were met.  The simulation results are shown in the 
Table 6 below: 

Table 6 Simulation Result 

 

 

5.5 Layout Design 

In figure 12, the layout of low noise amplifier is 
designed by using CADENCE software with 
0.13µm CMOS technology. The parameters of 
transistor width are  followed as in Table 4. It also 
shows the smallest chip area which is 0.26mm². 

 

Figure 12 Layout Design Of LNA 
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5.6 Comparison With Other Published Work 

Table 7 shows the summary of proposed LNA 
design simulation result and comparison with other 
published work. 

(We are unable to place the figure here due to its size which is 

placed at the below of the manuscript)  

Table 7 Comparison With Other Works 

6. CONCLUSION 

An improved design of low noise amplifier using 
active inductor is presented in this research. The 
modified circuit has bee design by using the 
CADENCE 0.13um CMOS technology. The 
objective of this design was accomplished based on 
the specifications of the LNA. According to the 
resesearch result, the circuit is capable to achieve  
gain of 14.7dB,  noise of 7dB, extremely low power 
consumption of 0.8mW, good input and output 
matching. However it has the problem with the 
noise due to the usage of the latest technology 
which is 0.13µm. it is designed by using 
CADENCE software with latest technology 
0.13µm. Lastly, the circuit size reduced 
significantly to small chip size of 0.26mm². 
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Table 1 Comparison Of The Lna Design 

Technology Gain (dB) Frequency (GHz) Noise 

Figure (dB) 

Power 

supply 

Power 

consumption 

Area/die size 

[3] CMOS 0.18 20 2-3 3.1 1.8 0.5 0.003 

[5] CMOS 0.18 15.04 8.72 3.85 1.8 4.7 - 

[6] CMOS 0.18 17.04 5.8 3.1 1.8 6.4 - 

 

[7] 

CMOS 0.18 15.7 

19.9 

5.9 

5.9 

1.85 

2.63 

1 

1 

19.3 

56.8 

- 

- 

[8] CMOS 0.18 1.2 3.5 6.5 1.5 10.12 - 

[9] CMOS 0.18 14.3 2.4 1.6 1.8 0.9 - 

[10] CMOS 0.18 67.7 - - - - - 

[4] CMOS 0.18 19.5 5.2 2.7 3 - - 

[11] CMOS 0.18 12-14 - - 5.5-6 - - 

[12] CMOS 0.18 - 2.4 2.17 - - - 

[13] CMOS 0.18 - 8.2 3.3-6.3 - 17.3 - 

[14] - 39.8 - - 2.5 - 0.2 

 

Figure 6 Schematic Of Proposed Low Noise Amplifier[3] 
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Table 7 Comparison With Other Works 

 

 

 

 

 

 

 

 

 

 

Technology 

(µm) 

Gain (dB) 
Noise Figure 

(dB) 

Power 

supply 

Power consumption 

(mW) 

Area/die size 

(mm²) 

This work CMOS 0.13 14.7 7 1.8 0.8 0.26 

[18] CMOS 0.13 16.2 7.5 - 50 - 

[19] CMOS 0.13 16.2 1.76-1.96 - - - 

[20] CMOS 0.13 14 3.55 1.8 1.13 - 

[21] CMOS 0.13 5.3 1.8 1.5 11 - 


