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ABSTRACT

Using a noise amplifier cancellation approach, a quantitative and yield test on a low-noise
amplifier was completed. A single inductor on a common source line can be used to construct a
device with a broad bandwidth, low noise figures (NF), and high-power gain. The suggested low-
noise amplifier uses complementary metal-oxide semiconductor technology for the optimum power
gain and noise figure.
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1.0 Introduction

Mobile sensor networks are an intriguing notion for scientists (WSNs). They work in various
fields, including environmental safety, process control, and field monitoring. WSNs are challenging to
install because of their low cost, strong interoperability, and low power consumption. These networks
depend heavily on battery power. The receivers must use less power and receive signals more clearly
if they are to last longer [1-3]. Figure 1 depicts the basic WSN. CMOS technology is a great option
for WSNs because of its modest capacity, low cost, and strong interoperability with other
technologies [4-9]. Both analog and radio frequency technologies are used in these systems. The
LNA is crucial because it serves as the initial RF receiver in WSN [10-14]. This device is made to
lessen background noise, primarily produced by antenna RF emissions. Efficiency, linearity,
impedance, and power consumption should all be considered. LNA architectures are typically
designed using CS and CG topologies [15-20].

The first part of the receiver's front end is an amplifier with little noise (LNA). At [21-31], the
first block of amplification starts. Only at a voltage of 1 Vp can the antenna's signal be picked up
because it is so weak. In the initial step, the LNA amplifies the antenna's weak signal. The best
module design is essential when the market for wireless networks is big. The quantity and caliber of
the noise in the receiver circuit are directly correlated. As a result, we can receive a noise-free signal
with value for information. The LNA's topology is incredibly straightforward. In industrial
architecture, a single-chip component and an NMOS transistor are integrated. As a result, equipment
is more dependable and less expensive. In the MOS VLSI technique, the scaling canal's length was
cut by nanometres, and the passage rate was increased by gigahertz [32,33].
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Figure 1: LNA Basic Block Diagram

Antenna
Power Amplifi
0‘I‘Er'(PA)l:'h e Mixer IF Filter Modulator
" % PR - f—/_\_,b - 1 Data In
IR g 4w
Band Pass Filter
]
i @Local Oscillator
Band Pass Fil ool
and Pass Filter IF
(BPF) Mixer IF Filter Amplifier Demodulator
= z /ﬁ/_\_/u — + Data Out
»
—~= e
Low Noise
Amplifier
o Local Oscillator

(LO)

Distributed amplifiers can be employed to cover a significant portion of the multi-gigahertz
spectrum while preserving high bandwidth, as shown in Figure 2. (a). The distributed amplifier
requires numerous stages and inducers, which uses up a lot of chip space and power. Additionally, the
CG transistor is used. A CG transistor's input impedance is 1 / gm, where gm is the transistor's
transduction. With the Gm 20 ms arrangement, this 50-input wideband match has two major
wideband matching problems [7-9]. The coefficient of thermally acoustic noise, which determines
thermally acoustic noise (NF), is fixed to the input criterion and cannot be increased or decreased to
reduce NF and raise power consumption. The performance of the CG stage circuit can be enhanced by
feedback and noise. Figure 2 illustrates how LNA noise can be eliminated.

Figure 2: Architectures of Wideband LNA
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Techniques to reduce background noise have been demonstrated to improve NF. However,
these methods need more energy because of the intermediate processes and high voltage supply.
Figure 2 shows how input and feedback were applied to separate the NF, identify and match parasite
entry locations, increase parasite power, and restrict operational bandwidths (d). In these situations, it
isn't easy to create a comprehensive, low-energy plan using CG input. Utilizing a resistive feedback
architecture can be advantageous for creating a wideband LNA. A 50-input needs to have a feedback
resistor attached to it to operate for wideband, as shown in Fig. 2. (e). It covers a larger range of
frequencies and is more effective and quieter than other circuits.

2.0 Analysis of Design

The CG amplifier is more sensitive to high voltage and has headroom concerns in inductor-
free LNA than in CS architecture because the RF signal flow in the field must be divided by some
means. The main source of amplification in this configuration is a CS amplifier. For example, as seen
in Figure 2, (a). However, the performance of the NF amplifier will be adversely affected by passive
resistors or active components. To achieve an acceptable noise efficiency for an inductor-free LNA
with CS architecture, a 50-input matching network that produces no or very little noise is required
[34]. CG Topology may be used to change the input impedance, which makes it handy for matching
inputs. Noise cancellation technology is included in CG amplifiers to lessen the amount of noise they
produce. A CS amplifier can also build a low-noise inductive network [35-39].

A hypothetical system with two behavior amplifiers that can be used to study structure is
depicted in Figure 3. Signals from two separate sources can be combined using an adder [40—44].

Figure 3: LNA Structure
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3.0 LNA Proposed Design

Cs amplifiers, one of the three fundamental voltage or transconductance amplifiers, are
constructed mostly using field-effect transistors (FET). The port is where the signal is sent, and the
drain is located here. There is a further terminal designated as "normal." One computer is connected to
the mainframe to keep things straightforward [45—49].

A CG path of M4, R2, and DC source I1 is created when four CG amplifiers are connected, as
shown in Figure 1. M1 transduction regulates a third to a half of the circuit's overall input impedance
(gml). Figure 4 illustrates how Gm1 was selected to fit an RG.
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Figure 4: Diagram of LNA using Noise Cancellation Technique
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Figure 5 depicts two types of adders that can handle sounds and signals from various angles.
Typel adders have two branches for typical load, but Type2 adders only have one [55-59].

The MT1 and MT2 trans conductor cables can be changed, and the Type 1 extension allows
you to change the voltage gain ratio between active routes. Utilizing energy is a factor in the equation
as well. Due to their smaller size, Type2 adder machines typically produce more noise than Typel
adder machines. This suggests that employing MO1 can lessen the noise produced by Type 2 MO2.
Then, Type2 was added to this design as a second notion. The second stage of the CS amplifier again

uses the Type 2 adder.
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Figure 5: Adder Type
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Figure 6: Small-Signal Diagram of LNA
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Figure:7 S11 value indicates that the reflection coefficient should be less than zero. Figure 8
depicts the suggested LNA's S21 parameter.

Figure 7: Shows the S;; Parameter of Design
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Figure 8: Shows the S;; parameter of Design
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Based on the architecture, nearly identical noise statistics are presented in Figure 9.

Figure 9: Shows Noise Figure Design
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4.0 Conclusion

The noise amplifier cancellation method of a high sensitivity receiver was used to assess and
compare the yield of low noise amplifiers. A low noise figure (NF) and a single inductor connect a
high-power gain, the CS path, and the CG path to provide a broad bandwidth. Packaging the LNA in
UMC 90um CMOS technology with a 1.2V supply allows for a maximum power gain of 20.5dB and
an NF of 2-2.5dB.
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