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Abstract—In this work, a low power, Low Noise Amplifier (LNA) has been designed using a two-stage fully differential 

operational transconductance amplifier (OTA). This LNA was constructed for high-gain, low power, low-noise performance, and 

wide-bandwidth, making it suitable for communication systems, RF front-ends, and sensor interface applications. The OTA 

achieved a high gain of 73.6 dB with a cut-off frequency of 16.5 MHz, and 1.45 GHz of unity gain frequency, making it suitable for 

broadband communication systems. The LNA achieved a gain of 73.2 dB, with a cut-off frequency of 15.99 MHz, and a unity gain 

bandwidth of 1.428 GHz, making it highly effective in lower frequency bands, such as audio and RF signals. The LNA 

demonstrated remarkable low-noise properties, with the Signal to Noise Ratio (SNR) of 56.26 dB, and the noise values were 

significantly reduced, the input referred noise values decreased to 23.911 nV/√Hz at 1 MHz frequency, whereas the output referred 

noise values decreased to 389.019 nV/√Hz at 1 MHz frequency. The most noteworthy characteristic of the established low noise 

amplifier (LNA) is its significant minimal power consumption, which remains at just 53.91 μW. This makes it remarkably energy 

efficient and ideal for battery-driven frameworks and compact gadgets. The suggested LNA network was applied in Cadence 

Virtuoso using 90 nm CMOS technology with an input voltage source of 1.8 V. 

Keywords— Operational Transconductance Amplifier (OTA), Low Noise Amplifier (LNA), High gain, Cut-off frequency, Low 

power consumption, Signal to Noise Ratio (SNR) 

I. INTRODUCTION 

The Operational Transconductance Amplifiers (OTAs) have appeared as essential elements in analog circuit framework, 
specifically for applications that requires less power and high efficiency. The efficiency, consistency, and energy optimization 
of OTAs have significantly improved in the past few years, remarkably addressing the requirements of biomedical devices and 
compact technology. OTAs are usually used in integrated circuits which play a crucial role in diverse applications like switched 
capacitor circuits, voltage regulators, and biomedical devices. They are very crucial components because of their flexibility and 
effectiveness [1]. Complementary Metal Oxide Semiconductor (CMOS) technology is broadly applied for applying OTAs, 
specifically in radio transmitter networks for wireless transmission systems. CMOS technology delivers benefits like improved 
technology scaling, higher integration levels, and reduced cost, making it a common option for developing OTAs for various 
applications, incorporating communication receivers, neural recording, ECG systems, and wearable healthcare devices [2-5]. A 
low noise amplifier (LNA) amplifies weak signals, suppresses noise in the signal and it is located at the analog front end of 
transmission instruments to minimize additional noise [6]. The LNA contributes as a significant component in the 
communication systems, it plays a crucial role in signal amplification, enhancing signal quality, and facilitating reliable data 
transmission, even in environments where signals are weak or susceptible to interference [7]. The challenge in designing a low 
noise amplifier comes from the need to meet several parameters at once, and the performance of a LNA is largely determined 
by the characteristics of the transistor used, the parameters can be achieved by optimizing the behaviors of the transistor used in 
the amplifier [8-11]. Due to increasing demand for high precision and low signal level biomedical applications, such as neural 
and ECG signal acquisition, LNA designs become increasingly important. In these biomedical devices, the amplitude of the 
signal is exceptionally low, making low power, low-noise amplifiers are imperative for accurate detection and processing. To 
ensure reliable performance in sensitive applications, specifically for biomedical front-end systems, the LNAs are designed to 
focus on achieving both low noise and low power consumption [12-16]. The current trend in modern LNA design is to 
prioritize low-power operation, catering to the requirements of portable and wearable devices. Multiple studies have 
specifically focused on amplifiers for medical imaging, ECG monitoring, and neural recordings, where reducing noise and 
maximizing power efficiency are crucial. These designs strive to meet the demanding needs of high precision and low noise 
while minimizing power consumption, to facilitate the prolonged use of biomedical devices [17-22]. Ozbek et al. [23] 
developed an innovative ultra-low power, low-noise design for implantable medical devices, consuming micro watt level 
power. This breakthrough design ensured extended operation in battery or inductively powered implants, with a tunable front-
end to adapt to varying signal strength, ensuring consistent performance. By effectively balancing low power consumption with 
high sensitivity, this design significantly extended the operational lifetime of devices such as cochlear implants, neural 
recording devices, and pacemakers. Udupa et al. [24] focused on the vital task of minimizing noise in ECG systems for 
accurate millivolt-level bio-signal detection. Their low-power, low noise amplifier not only enhanced signal integrity but also 
maintained efficient power consumption for portable devices. Abaya et al. [25] designed a two-stage OTA with high gain, 
stability, and low noise, making it ideal for amplifying weak signals in portable medical devices. Panchal et al. [26] drew 
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