Grenze International Journal of Engineering and Technology, June Issue
Scientific Society

U-Band LNA Design for Radio Astronomy
Applications

D K Lakshana! and Dr. V. Vaithianathan?
-25ri Sivasubramaniya Nadar College of Engineering Kalavakkam, India
Email: lakshana2110451@ssn.edu.in, vaithianathanv@ssn.edu.in

Abstract—The paper demonstrates the development and simulation results of an LNA built for
U-band radio astronomy applications which provides high performance. A multi-stage cascode
topology with LC impedance matching and advanced peaking techniques designs the proposed
LNA for achieving superior gain, bandwidth along with enhanced stability. Simulation in
Advanced Design System (ADS) shows that the design delivers forward gain between 26 and 33
decibels together with a noise figure under 2.1 decibels and outstanding return loss results (Su <
—13 decibels and Sz2 < 12 decibels). The DC analysis shows that the amplifier operates with
power usage of 7.06 mW at 1.8 V which makes it appropriate for energy-efficient cryogenic
system applications. Stability evaluations indicate unconditional stability above 45 GHz through
Rollet's stability factor (K > 1) together with determinant (|A| < 1). The LNA operates best to
enhance weak signals from cosmic sources including pulsars and galactic nuclei therefore
serving nicely as front-end amplifier for radio telescope receivers utilizing millimeter-wave
frequency bands. A comparative analysis proves that the design achieves superior results than
current designs regarding gain along with noise figure and bandwidth capacity. The proposed
architecture achieves a new standard for scalable U-band receiver front ends which provide low
noise operation with power-efficient systems that can benefit satellite communications and
phased array radar and deep-space exploration.

Index Terms— Low Noise Amplifier (LNA), U-Band, Cascode Topology, ADS Simulation,
Radio Astronomy, Noise Figure.

|. INTRODUCTION

Low Noise Amplifiers are important because they are used in communication systems, radio astronomy and
other high frequency applications where signal integrity demands. With increasing frequency spectrum density,
the problem of developing efficient LNA(S) for amplifying weak signals without increasing the noise becomes
increasingly more challenging.

Due to the high noise figure, which must be reduced, and the noisy nature of the transceivers themselves, it is
necessary for modern LNA designs to achieve an optimal trade off among gain, noise figure, power
consumption, and stability to guarantee their compatibility with the stringent requirements of next generation
communication systems.

In traditional LNA’s architectures, different design methods including inductive source degeneration, cascode
topologies or feedback mechanisms have been used to enhance LNA performance. In this paper, a novel design
of a CMOS based LNA has been adapted to work in the 40 - 60 GHz domain is presented.
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Il. LITERATURE SURVEY

Designs of LNAs recently received priority development to enhance their gain capabilities and noise
performance along with bandwidth expansion although specifically targeting high-frequency radio astronomy
applications. The transconductance amplifier proposed by Cordova et al. [4] incorporates shunt-feedback and
noise cancellation enabling a 3.8 dB noise figure at low power consumption specifically designed to operate in
wideband and thermally changing environments.

The paper by Galante-Sempere et al. [7] presented a small and wideband noise-cancelling LNA built with
current conveyors in 65 nm CMOS technology. This design generated a 15.3 dB gain over 0-6.2 GHz while
simultaneously reducing the noise figure by 1.6 dB without requiring inductors which promoted compactness
and better integration abilities.

The authors of [18] built a cryogenic LNA from InGaAs MHEMT technology which operated at 30-50 GHz
with a 23.4 K noise temperature at 30.5 GHz under 16 K conditions. The design operates at the same
performance level as premium InP-based solutions while being effective for deep space radio astronomy because
of its low-noise operation.

The researchers at Huang and Liu [18] designed a 90 nm CMOS Q-band LNA through the implementation of
current reuse methods. The designed CMOS solution delivered both 20.5 dB gain and 4.2 dB noise figure at a
power consumption of 10.1 mW showing that CMOS technology can deliver high-frequency performance with
good power efficiency.

I11. DESIGN AND IMPLEMENTATION

A. Design Equations

Different design equations function as evaluation tools to optimize various amplifier parameters. The
mathematical expressions deliver information about transistor dimensions together with impedance matching
network requirements and necessary reactive components specifications for achieving specifications. The
mathematical equations enable operation within the optimal region by preserving 20 dB minimum gain and 2 dB
maximum noise figure along with 3 dB IIP3 positive line likeness. These calculations form the basis for
component sizing before simulation to validate and optimize the design in either Cadence or ADS simulators.
The input impedance is calculated using,

I 1 Im
Zin = jwLg + e + Coon L Ohm. (1)
Equation (2) helps one derive the drain current using the MOSFET equation. Finding the drain current is crucial
to determine the performance of the LNA. Equation (3) and (4) gives the degenerative inductance value and
noise figure to enhance and determine the performance of the LNA circuit respectively.
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The stability of the a LNA is obtained by calculating the stability factors K and |A| that are represented by (5)
and (6). The unconditional stability of the design is given by the conditions K > 1 and |A] < 1.
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Once the topology of the circuit is decided, layout de- sign and parasitic extraction is done to compensate
for the real world manufacturing variations. All of above values plays a vital role in achieving the desired
performance metrics. It is set that the inductor (L1) has value equal to 1.5 nH and the capacitor (2) has
value equal to 0.8 pF. To achieve an optimal balance between power efficiency and gain, the transistor
dimensions are carefully optimized with a width (W) = 10umand (L) = 45nm.
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The proposed methodology assures that the LNA has excellent performance in high supplied power, yet
with the minimum complexity. An LNA with an efficiency at high frequencies is obtained by incorporation
of impedance matching techniques, biasing optimization and careful layout considerations.

Fig. 1. Circuit of Designed LNA

B. Proposed Methodology

A structured approach for developing the proposed LNA design is taken which optimizes important performance
parameters including gain, noise figure, and power efficiency. The circuit is built on a carefully chosen transistor
topology for minimal noise contribution by a high amplification efficiency. The arrangement of active and
passive components involved for amplifying the signal at the input terminal and determining the overall
performance of LNA is explained with the circuit diagram and its equivalent circuit representation as shown in
Fig. 1.

IV. RESULTS

The proposed LNA is simulated and its performance characteristics confirmed. Impedance matching and gain
stability are improved by the S-parameters including the S11, S22 and S21. The return loss parameter, S11, that
is observed below -10 dB shows that there is excellent in- put impedance matching and hence less signal
reflection at input stage. The output return loss, S22, is below - 10 dB, indicating efficient power transfer as well
as little reflection at the output port. LNA Impedance matching depends on S11 (Input Re- turn Loss) parameter.
The signal reflections at the input port are minimal throughout the target frequency range as indicated by S11
remaining well below -10 dB. The best value of -15 dB is achieved around the central frequency, 48 GHz as
shown in Fig. 2. That way more of incident signal is transferred into the amplifier, creating more efficiency and
reducing power loss. The S22 is the parameter that indicates the matching between the LNA’s output and the
subsequent stage in the signal chain. The results show that the output port impedance is matched by S22 at less
than -10 dB. The best value of -12 dB is achieved around the central frequency, 48 GHz as shown in Fig. 3. It
greatly reduces signal reflections, and it ensures that the maximum power delivered to the next circuit is the top
priority.
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Fig. 2. Input Return Loss Fig. 3. Output Return Loss
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Fig. 4. Forward Gain Fig. 5 Noise Figure

The gain parameter, S21, measures the amplification capability of the LNA. The peak gain of the proposed
design is higher than most conventional designs, achieving the value of 33 dB at 48 GHz as shown in Fig. 4. The
high gain allows the amplifier to reduce noise levels and significantly boost the weak signals which puts it to
good use with radio astronomy and high frequency communication applications. A key metric that determines
the amplifier’s ability for the preservation of weak signals is the noise figure. With a noise figure of 0.6 dB at 48
GHz as shown in Fig. 5, the proposed LNA exhibits little signal lost through noise sources within the LNA itself.
This guarantees the high fidelity of the amplified signal in circumstances requiring high sensitivity and precision.
The stability of the proposed LNA is judged using the Rollet’s stability factor (K) as shown in Fig. 6 and the
determinant of the S matrix (delta) as shown in Fig. 7. The results confirmed by simulation that the design has K
greater than 1 and Delta lesser than 1 through the operating frequency so that stability is unconditional. This
ensures the amplifier remains stable on all loading conditions and prevents oscillations in real implementation.
The proposed LNA design is shown to justify the realization with the combined results for S11, S22, S21, and
noise figure. High forwarding gain to satisfy outstanding amplification performance and high input and output
return losses to exhibit good impedance matching are presented. Furthermore, noise figure was extraordinarily
low which proved that the LNA could make weak signals with almost no distortion. Together, these results bring
unique observations that confirm the proposed LNA as highly effective and reliable method for high frequency
systems in radio astronomy and modern communication systems.
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Fig. 6. Stability Factor K Fig. 7. Stability Factor Delta

V. CONCLUSION

The LNA can provide an important step forward in the field of high frequency signal amplification. The results
show that the proposed design offers superior balanced gain, noise figure and power consumption compared to
conventional LNA designs. With the CMOS 45nm technology it proves to be a very efficient amplifier with very
low power consumption of just 3.9mA current at 0 Hz and overall power consumption of 7.06mW and can serve
as a powerful candidate for applications needing high sensitivity and low power operation.

This LNA design achieves its robustness in integration of novel impedance matching methodologies and noise
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reduction methods, integrated to meet the major challenges of today’s modern RF frontend circuits. It is an
excellent power efficient choice for battery powered and area limited applications such as satellite
communications and portable radio frequency devices. The simulation results are corroborated with the
effectiveness of the design that yields good results for next generation communication technology design.

The design can be further validated in a real world environment in future work with a view of fabricating and
testing it in a real world environment. Furthermore, adaptive biasing techniques and even greater miniaturization
would improve efficiency to a degree not achieved by the current structure. A high performance, energy efficient
solution for next generation of RF systems is provided by the proposed LNA.
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