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Current sensing is a vital process in electronic circuits, essential for monitoring and controlling the current flow. 
The utilization of low-voltage precision operational amplifiers (op-amps) in this realm is highly regarded due to 
their exceptional accuracy, minimal offset voltage, and stable performance across various temperatures and 
voltages. This document aims to elucidate the principles of current sensing using these op-amps, highlighting their 
functionalities and the considerations necessary for their effective implementation.
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1. Current Sensing with Low Voltage Precision Op-Amps
The most common approach to current sensing involves the shunt resistor method. This technique entails the 
placement of a shunt resistor within the current’s pathway that requires monitoring. The fundamental principle 
here is based on Ohm's Law, where the voltage drop across the resistor is directly proportional to the current 
flowing through it. However, this voltage drop is typically minuscule, necessitating amplification for accurate 
measurement.

Precision op-amps are employed precisely for this amplification. They are designed to amplify the voltage drop 
across the shunt resistor to a more substantial and measurable level, all while ensuring minimal interference with 
the current flow. These op-amps are adept at maintaining a high degree of accuracy in amplification, a critical 
factor in current sensing applications.

In addition to amplification, precision op-amps in current sensing circuits often incorporate a feedback 
mechanism. This feedback is crucial for controlling the gain of the op-amp, ensuring that the output voltage 
remains within the operational boundaries of the device, even with minor fluctuations in the shunt resistor's 
voltage. This feedback mechanism is integral in maintaining the precision and accuracy of the current 
measurements.

Figure 1. Low-Side Current Sensing Figure 2. High-Side Current Sensing
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2. Using Low Voltage Precision Op-Amps
Several key factors must be considered when implementing low-voltage precision op-amps in current sensing 
applications:

▪ Low Offset Voltage ‒ These op-amps exhibit a very low offset voltage, which is imperative for achieving high 
accuracy in current measurements, particularly at lower current levels.

▪ High Input Impedance ‒ The high input impedance of these op-amps is critical as it minimizes the loading effect 
on the circuit. This characteristic ensures that the current measurement process does not detrimentally impact 
the circuit performance.

▪ Bandwidth and Speed ‒ The selected op-amp should possess an appropriate bandwidth and speed to respond 
swiftly to current changes, ensuring real-time monitoring and control.

▪ Power Supply Requirements ‒ Given that these applications often involve low voltage operations, it is essential 
that the op-amp functions effectively at these lower power supply voltages.

▪ Temperature Stability ‒ Precision op-amps are known for their temperature stability, a vital attribute for 
consistent performance across various environmental conditions.

3. Applications
These low-voltage precision op-amps find extensive applications in numerous domains. They are pivotal in battery 
management systems, where monitoring the charge and discharge currents is essential for optimizing battery life. 
In overcurrent protection, these op-amps are critical in detecting and responding to overcurrent situations in power 
supplies and motor controllers. Furthermore, they are increasingly being used in automotive systems, serving a 
crucial function in various vehicle sensors and control systems.

In summary, using low-voltage precision op-amps for current sensing is a highly effective method for attaining 
precise, reliable, and consistent current measurements in various electronic applications. The selection and 
configuration of the op-amp are contingent on the specific needs of the application, such as the current range to 
be measured, operating voltage, and required level of accuracy.
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