
Abstract 

Analysis of Schmitt Trigger using Op-Amp 

Sree Vishnu Varthini S Dr. Maheswari Raja 

Dept of Electronics and Communication Engineering Dean Innovations 

Sri Eshwar College of Engineering, Coimbatore Sri Eshwar College of Engineering, Coimbatore 
 

 

This paper explores the operational principles and applications of Schmitt triggers implemented using operational amplifiers (op-

amps). Schmitt triggers, a type of bistable multivibrator, are fundamental components in digital electronics, crucial for signal 

conditioning, noise reduction, and waveform shaping. The study delves into various configurations of Schmitt triggers utilizing op-

amps, highlighting their advantages and limitations. The abstract discusses the significance of Schmitt triggers in digital systems, 

emphasizing their role in enhancing signal integrity, improving noise immunity, and generating clean digital signals. Simulation of 

Schmitt trigger circuits using eSim software, with reference to previous simulations in Multisim, provides a hands-on approach to 

understanding their functionality and behavior. Overall, this paper contributes to a comprehensive understanding of Schmitt triggers 

and their practical applications in digital electronics, leveraging the capabilities of modern simulation tools for circuit analysis and 

design. 
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I. INTRODUCTION 

 

A Schmitt trigger circuit, also known as a regenerative comparator circuit, is designed with positive feedback, leading to 

regenerative action that causes the output to switch between levels. This positive feedback reinforces the input voltage rather than 

opposing it, as seen with negative feedback. The primary purpose of a regenerative circuit is to overcome the challenges faced by 

zero-crossing detectors, particularly when dealing with low-frequency signals and input noise voltages. By incorporating positive 

voltage feedback, the Schmitt trigger effectively enhances signal integrity and ensures reliable switching, making it an essential 

component for noise-immune signal processing in digital electronics. 

 

II. PURPOSE OF SCHMITT TRIGGER 

The purpose of a Schmitt trigger is to improve signal conditioning and waveform shaping in digital systems. Specifically: 

Noise Immunity: Schmitt triggers enhance noise immunity by introducing hysteresis, which ensures that small fluctuations in the 
input signal do not cause spurious switching. This makes them vital for creating stable digital signals from noisy or analog inputs. 

Signal Conditioning: By defining distinct upper and lower threshold levels, Schmitt triggers convert noisy, slow, or analog input 

signals into clean, fast-transitioning digital signals, improving overall signal integrity. 

Waveform Shaping: Schmitt triggers are essential for shaping waveforms, transforming irregular or analog signals into well-
defined digital pulses. This is crucial in various applications such as pulse generation and timing circuits. 

III. WORKING PRINCIPLE 

A Schmitt trigger, employing an operational amplifier (op-amp), operates on the principle of positive feedback to achieve hysteresis 

and clean signal transitions. Initially, the op-amp is configured as a comparator with two inputs: non-inverting and inverting. The 

op-amp's output depends on the voltage difference between these inputs. When the input voltage exceeds the upper threshold, the 

output switches to one state (e.g., high). Due to positive feedback through a resistor network, this change in state reinforces the new 

output. 

As the input voltage decreases and crosses the lower threshold, the output switches to the opposite state (e.g., low). The hysteresis 
created by the different upper and lower thresholds prevents the output from toggling due to small fluctuations or noise in the input 

signal. This ensures stable and clean transitions between the two output states. 

By utilizing this feedback mechanism, the Schmitt trigger circuit effectively cleans and shapes noisy or analog input signals into 
well-defined digital outputs. This makes it essential for enhancing noise immunity, signal conditioning, and waveform shaping in 

digital systems. 



IV. CIRCUIT DIAGRAM 

 

 

Fig. 1: Schmitt Trigger with sample output waveform 

 
The circuit diagram of a Schmitt trigger using a single operational amplifier (op-amp) features the op-amp configured with positive 
feedback to create hysteresis. One input of the op-amp is connected to a voltage divider network, setting reference voltages for the 
upper and lower thresholds. The other input is connected to the output through a feedback resistor, forming a regenerative feedback 
loop. This configuration allows the Schmitt trigger to exhibit two stable states. 

 

 

V. EXISTING SYSTEM 

 

The existing system includes a Schmitt trigger circuit implemented using Multisim software. The circuit is designed to showcase 

the functionality of a signal conditioner and waveform shaper, essential in digital electronics. The Schmitt trigger fulfills the role of 

enhancing signal integrity and shaping waveforms. It effectively conditions input signals to ensure reliable digital output, crucial for 

various digital applications where noise immunity and signal stability are paramount. 
 

Fig. 2: Schmitt Trigger Circuit in Mutisim 

Figure 2 illustrates a Schmitt trigger circuit designed within the Multisim software environment. The key components include an 
operational amplifier (op-amp) configured with positive feedback to achieve hysteresis, resistors forming a voltage divider network 
to set threshold levels, and feedback resistors creating a regenerative feedback loop. This configuration enables the Schmitt trigger 
to exhibit two stable states based on the input voltage's position relative to the upper and lower thresholds. 



OUTPUT WAVEFORM 

 

 

Fig. 3: Output Waveform of Schmitt Trigger Circuit in Multisim 

Figure 3 presents the output waveform of the Schmitt trigger circuit simulated in Multisim. The green waveform represents the 
input signal applied to the circuit, while the blue waveform denotes the corresponding output signal. The input signal triggers 
transitions between the stable states of the Schmitt trigger by crossing the upper and lower thresholds, influencing the output signal 
accordingly. This demonstrates the Schmitt trigger's ability to generate clean and well-defined digital transitions in response to 
varying input conditions. 

 

VI. PROPOSED SYSTEM 

 

The proposed system introduces a Schmitt trigger circuit implemented using eSim software. This circuit aims to demonstrate the 

functionality of a signal conditioner and waveform shaper, essential in digital electronics. The Schmitt trigger, akin to a bistable 

multivibrator, serves the purpose of enhancing signal integrity and shaping waveforms. It effectively conditions input signals to 

ensure reliable digital output, crucial for various digital applications where noise immunity and signal stability are paramount. 

eSIM CIRCUIT 
 

Fig. 4: Schmitt Trigger Circuit in eSim 

Figure 4 presents the circuit diagram of a Schmitt trigger crafted within the eSim software environment. Key components include an 
operational amplifier (op-amp) configured with positive feedback to introduce hysteresis, resistors forming a voltage divider 
network to set threshold levels, and feedback resistors creating a regenerative feedback loop. The op-amp's non-inverting input 
receives threshold voltages from the voltage divider, while its inverting input is connected to the output through a feedback resistor. 
This configuration enables the Schmitt trigger to exhibit two stable states based on the input voltage crossing the upper and lower 
thresholds, demonstrating its ability to reliably condition and shape input signals in digital applications. 



OUTPUT WAVEFORM 

 

 

 

 

Fig. 5: Output Waveform Bistable Multivibrator Circuit in eSim 

Figure 5 showcases the output waveform of the Schmitt trigger circuit simulated using eSim software. The blue waveform 
represents the input signal applied to the circuit, while the pink waveform illustrates the corresponding output response. The input 
signal triggers transitions between the Schmitt trigger's stable states by crossing the upper and lower thresholds, influencing the 
output waveform accordingly. This demonstrates the Schmitt trigger's capability to produce clean and distinct digital transitions in 
response to varying input conditions, showcasing its effectiveness in signal conditioning and waveform shaping applications. 

 

 

VII. CONCLUSION 

In this study, we explored the design and simulation of a Schmitt trigger circuit using eSim. The Schmitt trigger, analogous to a 

bistable multivibrator or flip-flop, plays a pivotal role in digital electronics by enhancing signal integrity and shaping waveforms. It 

enables the conditioning and stabilization of binary information. Through simulation using eSim, we gained valuable insights into 

the Schmitt trigger's functionality and behavior. eSim provided an interactive and intuitive platform for designing and analyzing 

electronic circuits, facilitating a comprehensive exploration of the Schmitt trigger's characteristics in both time and frequency 

domains. 
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