
Transistor Technologies for Low Noise Amplifiers (LNAs)

Different transistor technologies for low noise amplifiers (LNAs) exhibit distinct performance characteristics, 
primarily driven by their material properties and device structures. The key tradeoffs involve noise figure, 
frequency capability, cost, and power handling.

Silicon-Based Transistors
Silicon transistors remain the most widely used due to their abundance, mature fabrication infrastructure, and 
low cost. High-purity silicon wafers with very few defects are produced at scale, enabling integration into 
complex circuits.
• Performance: silicon-based LNAs typically operate at lower RF frequencies, up to the L-band; widely used in 

consumer applications such as Wi-Fi and Bluetooth
• Limitations: silicon bipolar transistors suffer performance degradation at higher frequencies due to lower electron 

mobility compared to compound semiconductors such as GaAs; higher parasitic capacitances and poorer noise 
figures further limit their suitability in high-frequency, ultra-low-noise circuits

• Advantages: silicon devices are highly cost-effective and allow seamless integration into system-on-chip (SoC) and 
system-in-package (SiP) solutions

Gallium Arsenide (GaAs) FETs
GaAs is a compound semiconductor with significantly higher electron mobility than silicon, making it well-suited 
for microwave circuits.
• Performance: GaAs MESFETs provide lower noise figures and higher frequency capability than silicon devices, 

making them ideal for cellular and satellite communications
• Limitations: GaAs devices are more expensive and mechanically brittle; lower bandgap reduces power handling 

capability and makes them more prone to voltage breakdown

Pseudomorphic High-Electron-Mobility Transistors (pHEMTs)
pHEMTs are a class of HEMTs typically grown on GaAs substrates, incorporating a strained ("pseudomorphic") 
layer that enhances electron mobility.
• Performance: pHEMTs deliver superior noise figure performance compared to standard GaAs FETs or silicon 

devices, particularly above the HF band; have become the industry standard for LNAs requiring ultra-low noise 
performance from VHF through Ka-band

• Substrate Variations: some advanced pHEMTs incorporate InP channels on GaAs substrates, further improving 
electron mobility and noise performance

www.SpectrumControl.com | info@SpectrumControl.com 1



Indium Phosphide (InP) Transistors
InP-based devices represent the highest-performing option among the four technologies, offering unparalleled 
noise and frequency characteristics.
• Performance: with extremely high electron mobility, InP transistors achieve the lowest noise figures and highest 

gains at millimeter-wave and sub-THz frequencies, exceeding 100 GHz
• Specialized Use: due to their cost and complexity, InP LNAs are typically deployed in demanding applications such as 

radio astronomy, military radar front ends, and high-frequency test and measurement equipment
• Drawbacks: despite their superior performance, InP devices are fragile, costly to manufacture, and prone to lower 

breakdown voltages compared to GaAs or silicon technologies

Metallization and Fabrication Effects
Beyond the base semiconductor material, metallization choices and fabrication techniques strongly 
influence transistor noise performance.
• Parasitic Resistance: contact resistance, especially gate resistance, can introduce significant thermal noise; using 

low-resistivity metals (e.g., gold) reduces this extrinsic contribution
• Layout and Design: minimizing parasitics is critical for achieving low noise figures; techniques include short trace 

lengths, optimized bond-wire geometries, thick gold ground planes, and reduced gate lengths in advanced devices
• Feedback and Matching Networks: proper impedance matching and optimized feedback topologies play an 

essential role in minimizing the overall noise figure of LNAs

Technology Comparison Summary
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Technology
Typical 

Frequency 
Range

Noise Figure Power 
Handling

Cost Common 
Applications

Silicon (Si) Up to L-band 
(~1–2 GHz) Moderate

Good at low 
freq., limited 
at high freq.

Low Wi-Fi, Bluetooth, 
consumer SoCs/SiPs

GaAs FETs Up to ~20-30 
GHz Better than Si

Moderate 
(limited by low 

bandgap)
Medium Cellular infrastructure, 

satellite comms

pHEMTs
(GaAs/InP
variants)

VHF through 
Ka-band 

(~30-40 GHz)

Excellent (ultra-
low noise) Moderate Medium-

High

Industry-standard 
LNAs, 

microwave/millimeter-
wave circuits

Indium 
Phosphide 

(InP)

100+ GHz, 
mmWave & 

sub-THz
Best available

Lower 
breakdown 
voltages, 

fragile

Very 
High

Radio astronomy, 
radar front ends, high-

end test & 
measurement
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