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ABSTRACT

The project presents the design and evaluation of a high-performance low noise amplifier (LNA) based on
Gallium Nitride (GaN) technology. GaN is recognized for its superior performance in high-frequency environments,
offering strong signal integrity and low noise operation, making it a suitable choice for advanced RF and microwave
systems.A two-stage cascode amplifier architecture is employed to achieve enhanced gain, improved frequency
response, and stable operation. The design process is supported by RF simulation tools that provide accurate analysis
and help optimize the amplifier’s performance characteristics.To ensure effective signal transmission, carefully tuned
input and output matching networks are integrated. These networks play a key role in impedance matching and
minimizing signal reflections. In addition, the layout is designed to control parasitic effects, further improving
consistency and efficiency.Overall, this LNA design is aligned with the requirements of modern high-frequency
applications such as radar systems, satellite links, and wireless communications, where achieving low noise and stable
amplification is critical.
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I. Introduction:

Low Noise Amplifiers (LNAs) are essential components in modern electronic systems such as wireless
communication, radar, and space applications, as they amplify weak signals while minimizing added noise. Achieving
high performance in LNA design requires low noise, high gain, and effective input-output matching to ensure signal
quality and system efficiency. Gallium Nitride (GaN) technology has become a preferred choice for such designs due to
its superior characteristics over traditional materials like GaAs or CMOS. GaN HEMTs offer high power handling, wide
frequency operation, low noise, and robustness in harsh environments, making them ideal for advanced RF
applications.To further enhance performance, designers often use multi-stage and cascode amplifier configurations,
which help boost gain, improve stability, and minimize feedback. Techniques such as inter-stage matching and source
degeneration allow fine-tuning of the amplifier, enabling the development of efficient, reliable GaN-based LNAs for
applications including 5G, satellite links, and radar systems.

II. Literature Review:

Gallium Nitride (GaN) has become a popular choice for designing Low Noise Amplifiers (LNAs) due to its
excellent electrical and thermal properties. Compared to older technologies like GaAs and CMOS, GaN offers better
power handling, higher frequency performance, and improved reliability, making it ideal for advanced applications such
as radar, satellite communication, and wireless systems. Many research studies have focused on using GaN to develop
LNAs that deliver high gain and low noise while remaining stable under harsh operating conditions.To improve
amplifier performance, designers often use multi-stage and cascode amplifier structures. These configurations help
increase gain, reduce noise, and improve overall circuit stability. Input and output matching networks, along with
techniques like source degeneration, are commonly used to ensure proper impedance matching and minimize signal
loss. Simulation tools such as Advanced Design System (ADS) are widely used in the research to test, analyze, and fine-
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tune the amplifier’s performance before fabrication. Moreover, careful layout design is important to control parasitic
effects and enhance thermal management. Overall, the literature clearly shows that GaN-based LNAs, when combined
with smart design and simulation techniques, can meet the demands of high-performance RF and microwave systems.

II1. System Architecture

Schematic of LNA:
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Fig 1.Schematic of GaN-Based LNA

The above circuit is a two-stage Low Noise Amplifier (LNA) using a cascode configuration. The main aim of
this design is to amplify weak input signals while keeping the noise level low. The cascode structure is widely used in
amplifier design because it improves gain, increases isolation, and provides better stability. This design includes four
transistors, passive components (resistors, capacitors, and inductors), and two DC bias voltages, carefully arranged to
support high-performance operation.

Small Signal Model:

---------------

Fig 2. Small Signal Model for GaN-Based LNA Design

The small signal model of this GaN-based Low Noise Amplifier (LNA) is a simplified linear representation
used to analyze the amplifier's performance for small input signals. It helps in understanding how the circuit behaves in
terms of voltage gain, input and output impedance, stability, and noise, without involving the full nonlinear behavior of
the transistors.
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DC Analysis:

In DC analysis, all capacitors are considered open and only the DC bias voltages and resistors are active. The
purpose is to bias each transistor (T1-T4) correctly so they operate in the saturation region, where they function as
amplifiers. Each transistor is given gate voltage (Vgs = 2.5 V) and drain voltage (Vds = 5 V). The biasing ensures stable
current flow and proper operation for signal amplification.

AC Analysis:

In AC analysis, capacitors act as short circuits and DC sources are grounded. The transistors are replaced with
their small-signal models using parameters like gm and ro. The input signal is amplified first by T1 (common source)
and then by T2 (cascode), improving gain and stability. The second stage, with T3 and T4, further amplifies the signal.
The total gain is the product of gains from both stages, and matching networks help ensure good signal transfer and low
reflection.

Layout Representation:

L 5% o o

LxW: 730mmx770mm
Fig.3 Layout Diagram of GaN LNA

The layout is important because it turns the circuit schematic into a physical design ready for fabrication. It ensures
proper component placement, minimizes parasitic effects, and supports stable signal flow. A good layout improves gain,
noise performance, heat dissipation, and overall reliability.

IV. Working Principle

The schematic as shown in Fig.1 illustrates a 2-stage cascode Low Noise Amplifier (LNA) based on Gallium
Nitride (GaN) technology, known for its excellent efficiency and performance in high-frequency applications. The
primary function of this LNA is to amplify weak RF signals while introducing minimal additional noise. Each stage
uses a cascode configuration, combining a common-source and a common-gate transistor, which enhances gain,
bandwidth, and overall stability. This setup also reduces the Miller effect, improving high-frequency performance.In the
first stage, the input signal is passed through an input matching network of inductors and capacitors, ensuring proper
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impedance matching to minimize signal reflection and maximize power transfer. The signal is then amplified by the first
cascode transistor pair. Supporting components such as RF chokes and DC blocking capacitors help manage signal flow
and isolate the DC bias. The amplified signal is coupled to the second stage through a capacitor.The second stage,
structured similarly, further boosts the signal using its own cascode pair, matching network, and biasing circuitry. An
output matching network ensures effective signal delivery to the load with minimal reflection. Final DC blocking
capacitors allow only the amplified RF signal to reach the output. Together, these two stages provide high gain, low

noise, and stable performance, making the design well-suited for demanding applications such as radar systems, satellite
communications, and high-frequency wireless technologies.

V. RESULTS
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Fig.4 Output Results of GaN LNA Simulation

VI. FUTURE ENHANCEMENTS

1. Better Transistor Technology: Use of improved GaN HEMTs for higher gain, lower noise, and better
performance.

Smaller and Smarter Designs: Integrating more components on one chip to save space and improve efficiency.
Smart Tuning with Al: Using Al or machine learning to help quickly optimize the amplifier during design.

4. Improved Cooling Methods: Adding better thermal management to handle high power and ensure reliable
operation.

98]

VII. CONCLUSION:

This paper presents the design and analysis of a high-performance Low Noise Amplifier (LNA) using Gallium
Nitride (GaN) technology for high-frequency applications. The proposed two-stage design improves gain, reduces noise,
and ensures stable operation through optimized matching networks and component selection. Simulation and layout
results confirm that the amplifier meets key performance targets, including low power consumption and reliable thermal

behavior. Overall, the GaN-based LNA offers an efficient and robust solution for use in modern communication, radar,
and satellite systems.
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