
Balancing Amplification and Noise Reduction in Low Noise Amplifiers

Hanjung Gorre*

Department of NanoScience and Engineering, Inje University, Gimhae, South Korea

DESCRIPTION
In radio astronomy, Low Noise Amplifiers (LNAs) are essential 
for capturing the faint radio signals emitted by distant cosmic 
sources [1]. These signals, after traveling vast distances, are 
extremely weak upon reaching Earth and can be masked by 
various forms of noise, including environmental interference 
and electronic disruptions. LNAs play a critical role by 
amplifying these faint signals while adding minimal extra noise, 
ensuring clearer data for astronomers studying distant 
phenomena. The primary function of an LNA is to increase 
Radio Frequency (RF) signals with minimal degradation in 
quality, maintaining a high Signal-To-Noise Ratio (SNR) [2]. 
SNR is vital in radio astronomy as it directly impacts the clarity 
of the received signal. A high SNR means that the signal retains 
the essential characteristics of the original without added 
interference. LNAs make this possible through designs that 
reduce internal noise, often employing materials and circuit 
configurations optimized for low-noise performance [3].

The design of an LNA must strike a balance between 
amplification and noise reduction. These amplifiers are often 
placed as the initial component in a radio telescope’s receiver 
chain. This placement is significant because any noise added at 
this stage continues through subsequent stages, making it 
difficult to isolate and recover a clean signal. Consequently, 
reducing noise at this initial stage is essential [4]. The low noise a 
measure of how much noise the amplifier adds to the signal 
enables the detection of extremely weak signals that would 
otherwise be obscured by background noise. Materials used in 
LNA construction, such as Gallium Arsenide (GaAs) and 
Indium Phosphide (InP), greatly impact performance due to 
their specific electrical properties. These materials operate 
efficiently at very high frequencies, which is crucial in radio 
astronomy and have naturally low noise characteristics compared 
to alternatives. For instance, Silicon-Germanium (SiGe) has also 
emerged as a material that balances low noise and 
manufacturing cost, though it may not perform as well as GaAs 
and InP at very high frequencies [5]. The frequency range an 
LNA is optimized for further influences its effectiveness. Radio

astronomy utilizes frequencies from a few Megahertz (MHz) up to 
hundreds of Gigahertz (GHz), depending on the research goal. 
LNAs must be tuned to specific frequency ranges to perform at 
their best. For instance, observing the hydrogen line at around 
1.42 GHz requires LNAs that excel in low noise within this 
band. On the other hand, studies of the Cosmic Microwave 
Background (CMB) radiation may need LNAs designed for 
higher frequencies, where minimizing noise is even more 
challenging [6].

Temperature control is also important in reducing noise. LNAs 
are frequently cooled to cryogenic temperatures, particularly in 
sensitive applications, as lower temperatures lessen thermal noise 
within the amplifier. Cryogenic LNAs are commonly used in 
large observatories, with systems often cooled using substances 
like liquid helium to minimize random thermal fluctuations in 
the semiconductor materials. However, cryogenic systems are 
more complex and costly and are typically reserved for the most 
sensitive applications requiring exceptionally low noise [7]. The 
adoption of LNAs in radio telescopes has significantly advanced 
our ability to observe and analyze distant celestial objects. LNAs 
enable astronomers to detect signals from phenomena like 
pulsars, quasars and interstellar regions, contributing to key 
discoveries about black holes, galaxy formation and other cosmic 
events. LNAs help capture the data needed to analyze properties 
of distant objects, such as their temperature, composition and 
velocity. Without LNAs, many of these signals would be too 
weak to study, limiting our knowledge of the universe.

Incorporating LNAs into modern radio astronomy systems 
requires careful consideration of power needs, temperature 
management and isolation from external noise sources. Radio 
observatories are often positioned in remote areas to minimize 
interference from human-made signals, such as Wi-Fi, cell towers 
and broadcast stations. Shielding techniques are also used 
around the LNA and other components in the receiver chain to 
guard against external noise, ensuring that only the faint 
astronomical signals targeted by the LNA are captured and 
amplified. Advancements in materials and technology continue 
to improve LNA performance. Innovations in materials science,
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such as new semiconductor compounds, allow for even lower
noise figures and better handling at high frequencies.
Improvements in cryogenic cooling also make cryogenic LNAs
more practical for a broader range of applications. These
advancements are expected to enhance radio telescope
sensitivity and resolution, unlocking new opportunities for
observing the cosmos. Besides radio astronomy, low noise
amplifiers are widely used in areas like communication systems,
radar and satellite technology, underscoring their versatility. In
each of these fields, LNAs are essential for capturing faint or
distant signals with high sensitivity. This versatility has spurred
ongoing development in LNA technology, where advancements
in one field often translate to improvements in others [8]. For
instance, techniques refined in satellite communication can
enhance LNA performance in radio telescopes.

Low noise amplifiers play an essential role in radio astronomy by
amplifying faint cosmic signals with minimal added noise [9].
Through specialized materials, precise impedance matching and
advanced cooling techniques, LNAs help maintain the original
qualities of these signals. Continued improvements in LNA
technology promise to further elevate our ability to observe and
study the universe, leading to discoveries that broaden our
understanding of distant astronomical phenomena [10]. In this
field, the role of LNAs in capturing weak signals remains
indispensable, supporting in decoding the vast and complex
universe with greater clarity and precision.
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