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Abstract—Operational Transconductance Amplifiers (OTAs) 
play a critical role in analog and mixed-signal circuits, where high 
gain, stability, and load-driving capability are essential. However, 
single-stage OTAs often fail to meet the demands of modern 
communication and signal processing systems due to limited gain 
and poor stability. This report addresses these challenges by 
designing a two-stage OTA, integrating a differential amplifier 
for initial voltage amplification and a common-source amplifier 
for enhanced gain and load-driving performance. 

 

I. INTRODUCTION 

Perational Transconductance Amplifiers (OTAs) are fun- 

damental building blocks in analog and mixed-signal 

design, widely used in filters, oscillators, and signal processing 

circuits. A two-stage OTA configuration is often employed to 

overcome the limitations of single-stage OTAs, such as in- 

adequate voltage gain and insufficient load-driving capability. 

By combining a differential amplifier as the first stage and a 

common-source amplifier as the second stage, the two-stage 

OTA provides higher gain and stability, making it suitable for 

high-performance applications. T his report outlines the 

design and simulation of a two-stage OTA, emphasizing its 

key performance metrics, including voltage gain, phase 

margin, and bandwidth, and showcasing its suitability for 

advanced analog circuit applications. 
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II. CIRCUIT   IMPLEMENTATION 

The two-stage operational Transconductance amplifier [Fig.A]. 

A) The first stage consists of a differential amplifier with an 

active load, which amplifies the input differential signal while 

maintaining a high input impedance. This stage ensures accurate 

signal amplification with minimal distortion. 

B) The second stage is a common-source amplifier, which further 

boosts the gain and provides sufficient output drive for the load. 

To ensure stability, a compensation capacitor is incorporated between 

the two stages, effectively enhancing the phase margin and 

preventing unwanted oscillations. 

C) The circuit design also considers the appropriate biasing of 

transistors to achieve optimal operating points, ensuring low power 

consumption and wide bandwidth. 

              
   Fig,A - Stage Two OTA 
 

 

  

 SIMULATIONS AND RESULTS 

The simulation (Fig.B) results demonstrate a phase 

difference in the output voltage, with the output leading the 

input voltage due to the characteristics of the differential 

amplifier stage. The observed voltage gain is approximately 

5216, which translates to 74.34 dB. The bandwidth of the 

amplifier, determined by the frequency at which the gain 

drops by 3 dB (to 71.34 dB), meeting the design requirement 

where the gain of a two-stage OTA is typically expected to be 

5000 or higher. The bandwidth of the amplifier determined and 

identified through the frequency response analysis. These 

results confirm that the designed two-stage OTA achieves high 

gain and maintains stability across a wide bandwidth, 

validating its suitability for high-performance analog circuit 

applications. 

 

      Fig.B- Simulation results 

 
III.   APPLICATION 

Two-stage operational transconductance amplifiers (OTAs) 

are widely used in practical applications such as active fil- 

ters, analog-to-digital converters (ADCs), signal conditioning 

circuits, and voltage-controlled oscillators. Their high gain 

and stability make them essential in communication systems, 

biomedical devices, and sensor interfaces.  

 
CONCLUSION 

The two-stage operational transconductance amplifier 

achieves a high gain of approximately 5216 and stable 

operation, demonstrating its effectiveness for applications 

such as filtering, ADCs, and signal processing. While 

addressing power consumption and stability challenges, the 

design validates its suitability for high-performance analog 

system 
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