
Product Overview
Introduction to Current Sense Amplifiers

Introduction
What are Current Sense Amplifiers?
Current sense amplifiers, also called current shunt monitors, are specialized differential 
amplifiers with a precisely matched resistive gain network with the following characteristics:
• Designed to monitor the current flow by measuring the voltage drop across a sense 

element, typically a shunt resistor.
• Tend to be easier to use, more precise, and less prone to noise.
• Support currents from 10s of μA to 100s of A.
• Natively-support common-mode voltages from –16 to +80 V and with additional circuitry up 

to 100s of volts.

System Benefits Addressed by Using Current Sense Amplifiers
• Real-time overcurrent protection
• Current and power monitoring for system optimization
• Current measurement for closed-loop feedback

Key Parameters
Common Mode Range This specification defines the DC voltage range at the input of 

an amplifier with respect to ground. Current sense amplifiers 
are typically designed to support common-mode voltages well 
beyond the chip supply voltage. For example, the INA240 is 
capable of supporting a common-mode voltage between –4 V to 
+80 V while running on a supply as low as 2.7 V.white

Offset Voltage This is a differential DC error at the input of the amplifier. 
Historically, to reduce the impact of amplifiers with high 
offsets, larger value shunt resistors were used to increase the 
measured voltage drop. Today, TI is able to offer current sense 
amplifiers with offsets as low as 10 μV, enabling higher-precision 
measurements at low currents and allowing the use of smaller 
value shunt resistors for improved system efficiency.white

Gain Current sense amplifiers come with various gain options 
that have robust performance over temperature and process 
variations by integrating a precisely-matched resistive gain 
network. The gain options for fixed gain amplifiers vary from 
0.125 V/V to 1000 V/V with gain errors as low as 0.01%.white

Temperature Stability Current sense amplifiers integrate the amplifier along with 
all the gain-setting resistors which enables small and unified 
temperature drift. This allows for robust current measurements 
across the whole specified temperature range. The achieved 
temperature stability is one of the key advantages current sense 
amplifiers have over discrete implementations.
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Integrates the full analog signal 
processing and provides a voltage or 
current output.
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Digital Output

Integrates the full signal conditioning path 
and utilizes a standard two-wire digital 
interface.
white

Comparator Output
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Provides a simple ALERT signal when the 
load current exceeds a threshold.
white

Integrated Shunt
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Offers a low-drift, precision-integrated 
sense element.
white
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Key Design Considerations
High-Side Measurements

Sensing between supply bus and load.
System Advantages:
• Able to detect load short to ground
• Current is monitored directly from the source
• High immunity to ground disturbance

System Challenges:
• High bus voltage limits the availability of high input common-mode voltage devices

Advantages Over Discrete Current Sense Circuit:
• Integrated gain resistors provide excellent matching to enable higher performance
• Reduction in board space requirements
• Unique input architecture allows for the common-mode voltage to greatly exceed the device 
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Low-Side Measurements

Sensing between the load and ground.
System Advantages:
• Simple to implement and low-cost solution
• Wide range of available options

System Challenges:
• Difficult to detect load short to ground
• System ground disturbance by the shunt resistor

Advantages Over Discrete Current Sense Circuit:
• Integrated gain resistors provide excellent matching enable higher performance
• Reduction in board space requirements
• Sense a true differential measurement across the shunt resistor
• Lower VOFFSET saves system power by enabling the use of smaller value shunt resistors to 

achieve the same error level
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In-line Measurements

Sense current in-line to the load.
System Advantages:
• True phase current at all times reduces phase-to-phase errors
• Best current feedback for greatest accuracy

System Challenges:
• PWM common-mode voltage seen by amplifier
• High common-mode voltage combined with high dV/dT poses steep challenge to many 

amplifiers

INA240 Advantages Over Discrete Current-Sense Circuit:
• Enhanced PWM rejection provides high levels of suppression for large common-mode 

transients (dV/dT) in systems that use PWM signals

REF2

REF1

INA240

Supply

(2.7 V to 5.5 V)

OUT

Bus

M

IN-

IN+

Key Design Considerations www.ti.com

2 Introduction to Current Sense Amplifiers SBOA534 – FEBRUARY 2022
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated

https://www.ti.com
https://www.ti.com/lit/pdf/SBOA534
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBOA534&partnum=INA290,


IMPORTANT NOTICE AND DISCLAIMER
TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” 
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS.
These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate 
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable 
standards, and any other safety, security, regulatory or other requirements.
These resources are subject to change without notice. TI grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you 
will fully indemnify TI and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these 
resources.
TI’s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with 
such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for 
TI products.
TI objects to and rejects any additional or different terms you may have proposed. IMPORTANT NOTICE
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