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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

e Tend to be easier to use, more precise and less prone to noise

e Support currents from mA to 100s of A

e Natively support common-mode voltages from -16 to +80V and with
additional circuitry up to 100s of volts

System benefits addressed by using current sense ampilifiers:
¢ Real-time overcurrent protection

e Current and power monitoring for system optimization

e 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
INA282 is capable of supporting a common-mode voltages between -14V to +80V
while running on a supply as low as 2.7V.

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, Tl is able to offer current sense
amplifiers with offsets as low as 10pV, enabling higher precision measurements
at low currents and allowing the use of smaller value shunt resistors for improved
system efficiency.

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 0.125V/V to 1000V/V with gain errors as low as 0.01%.

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 features current sense amplifiers have over
discrete implementations.
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Analog Output

B

Integrates the full analog signal
processing and provides a voltage
or current output.

Digital Output

|

Integrates the full signal conditioning
path and utilizes a standard 2-wire
digital interface.

Comparator Output

>

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

Integrated Shunt

i)

Offers a low-drift, precision integrated
sense element.
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Current Sense Amplifiers
Key Design Considerations

High-Side Measurements
Current sensing techniques connect the current sense element
between the supply bus and the load.

System Advantages:

e Difficult to detect load short to ground

e Current is monitored directly from the source
e 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 a
higher performing and more stable platform

e Reduction in board space requirements

¢ High dynamic changes in the common-mode voltage are difficult
to achieve with standard op amps

e Unique input architecture allows for the common-mode voltage
to greatly exceed the device supply voltage

Bus
Voltage

+5V

INA282

12C

Low-Side Measurements
Current sensing techniques connect the current sense element
between the load and ground.

System Advantages:
e Simple to implement and low-cost solution
¢ Wide range of available options

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

Advantages Over Discrete Current Sense Circuit:

e Integrated gain resistors provide excellent matching to enable a
higher performing and more stable platform

¢ Reduction in board space requirements

e True differential measurement across the shunt resistor

e Lower VorpseT Saves system power by enabling the use of
smaller value shunt resistors to achieve the same error level

Bus
Voltage
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INA199

=n

+5V

12C

Total Error

e For light loads with small current values that result in small
differential voltage signals at the input, the total error will be
dominated by the amplifier’s offset voltage. Low input offsets are
critical to achieving accurate measurements at the low end of the
dynamic range.

¢ For heavy loads with large current values that result in large
differential voltage signals at the input, the total error will be
dominated by the amplifier’s gain error.

Texas Instruments

Total Error vs. Currentto be Measured

~——V0S =400V, Gain Error = 1%
====VOS = 35V, Gain Error =0.5%

———VO0S = 104V, Gain Error =0.1%

Total Error
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Current Sense Amplifiers
Tl Designs TID%“S

Current sensing reference designs from the Tl Designs library. See more designs online at ti.com/tidesigns.

Design Number = Description

Bi-Directional eFuse

- >
Automotive Precision eFuse —— Current

) Shunt
One of the keys to preventing damage in automotive Battery prolarty Battery
electronic systems is the ability to detect and react Switch

to potentially damaging conditions as rapidly as
TIDA-00795 possible. This INA300-Q1 eFuse reference design is
focused on providing high accuracy and fast response
over-current protection at current levels as high as
30 A and scalable to > 100 A.

Transient
Supressiion

Transient
Supressiion

I—

Bus Supply
400 V
o
300K Q 4.75K Q

40V to 400V Unidirectional Current/Voltage/ e W

Power Monitoring = oot g

This Tl Design demonstrates a simple, non-isolated . -vsmzrl E N
TIDA-00528 technique using a precision op amp and a high y jJ:“M?" 8l [vrto58V)
TIDA-00528 voltage P-FET to extend the common-mode voltage 4 gz lxa sV 0

of a current sense amplifier up to 400 V. With minor S
component changes, this design can be optimized ]
for any voltage ranging from 40 to 400 V.

r

VBus Vs

SCL  MicroController/
USBDIG

ScL
INA226 5o

SDA
Load = E
GND
L L

Three-phase Current Measurements

for Motor pinhlii
Maximizing motor control requires accurate current R =C
measurement. This reference design featuring § SHUNT 4c
TIDA-00753 | the INA199 demonstrates a method for enhancing f_ c
the signal chain on the output of a current transformer. LT
In addition, this circuit offers significant power
savings by lowering the burden resistor value. TDKCT  0.1E, 1W
0-300 A 15ppm,
N=3000 2515
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Current Sense Amplifiers
Tl Designs TID%“S

Current sensing reference designs from the Tl Designs library. See more designs online at ti.com/tidesigns.

Design Number = Description

Option to provide 3.3V
to Launchpad™

48V 3-Phase Inverter with Shunt-based T g ok
In-line Motor Phase Current Sensing ’@ \—‘@f .

dl
;

DC input
12V1060V

DC input

interface connector

This design realizes a 48V/10A 3-phase GaN inverter with T
precision in-line shunt-based phase current sensing for =N E& N E& N :
TIDA-00913 accurate control of precision drives such as servo drives. e MO0 | Meo! | T
One of the largest challenges with in-line shunt-hased poncec ¢ ? 8 ﬁ il ﬁ e
phase current sensing is the high common-mode voltage e g ’ L L L L ;
transients during PWM switching. The INA240 current sense Lt i v v
amplifier overcomes this problem using enhanced PWM M_
rejection.
7777777 ACMDID/’ >
————————— .
sv-veet o0 Low-voltage DC/DC | (Fly-Buck™)  LM5160
Leakage Current Measurement Reference
Design for Determining Insulation
Resistance

This design provides a reference solution to
TIDA-00440 measure insulation resistance up to 100MQ. It has

To
MCU

an on-board isolated 500V DC power supply and an 150 Fyback

isolated signal conditioning circuit to measure the %’egv-’ weeam [ S Dol | 150
leakage current. This design is useful to find leakage

due to insulation breakdown in transformer and motor R%

windings.

Riso = Insulation resistance
R = Calibration resistance

Basic isolation

N T TechNotes
Precision Current Measurements on High-Voitage Power.

Supply Rails
—
dil;un: E=r
t ‘ Detect OM!’O’-RO"QG Con!
| peasuring Current T°
=

& Texas INSTROMEY

Current and power measurement use
cases in a short, easy-to-read format

© Browse now S
Current

Sense
Amplifiers
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Current Sense Amplifiers
Featured Products

S B 2 Input
S8 £ (] Input Offset = Offset Drift
Part & T T = Common Mode =pV £uV/°C Gain Error
Number =43 s S Description Voltage Range Max Typ % Typ Package(s)
IF%‘ZJ!? 4 vV | v High performance, Zero-Drift Current Sense Amplifier -0.310 26 35 0.1 0.02 1(? gg;(')\‘
INA282 f f - 8 VSSOP,
Family 4 v High Performance, High Common Mode Current Sense Amplifier -1410 80 70 0.3 0.4 3501C
INA240 High AC CMRR High Common Mode Current Sense Amplifier for } 8 TSSOP,
Family v v v Motor & Solenoid Control 410 80 25 0.05 0.05 8 S0IC
INA216 - 10 UQFN,
Famil Ultra-small, 5V Current Sense Amplifier 1.8105.5 100 0.06 0.01 4 WSCP
INA199 . . - 10 UQFN,
Family 4 vV |V Value line, Zero-Drift Current Sense Amplifier -0.31026 150 0.1 0.03 65C70
INA180 350kHz Bandwidth, Unidirectional Current Sense Amplifier for ) 5 S0T-23,
Family v v Cost-sensitive Applications 0.2t0 26 150 0.2 0.1 5SC70
INA181 350kHz Bandwidth, Bidirectional Current Sense Amplifier for ) 6 S0T-23,
Family v v v Cost-sensitive Applications 021026 150 0.2 0.1 6 SC70
INA2180 Dual 350kHz Bandwidth, Unidirectional Current Sense Amplifier for
Family v v Cost-sensitive Applications 021026 150 e Ul 8VssoP
INA2181 Dual 350kHz Bandwidth, Bidirectional Current Sense Amplifier for )
Family v v v Cost-sensitive Applications 021026 130 02 01 10VSS0P
INA4180 Quad 350kHz Bandwidth, Unidirectional Current Sense Amplifier for
Family v v Cost-sensitive Applications -0.21026 150 e U 147550P
INA4181 Quad 350kHz Bandwidth, Bidirectional Current Sense Amplifier for )
Family v v v Cost-sensitive Applications 021026 130 02 01 20 TSS0P
INA225 4 vV Vv Programmable-Gain, Zero-Drift, High Accuracy 0to 36 150 0.2 0.05 8 MSOP
LMP8481 High Common Mode, High-Speed
Family v v Current Sense Amplifier 451076 265 6 06 8VS30P
'F'g"n':ﬁ!ﬁ!m o v High-Speed Current Sense Amplifier 21042 900 26 025 6 SOT
INA193 High Common Mode, High-Speed } .
Family v v Current Sense Amplifier 161080 2000 25 02 550T-23
INA250 High Accuracy, Zero-Drift Current Sense Amplifier with 0.1%, 5
Famty Y vV Y 15 PPM/°C 2mQ Integrated Shunt Ve Sl 2t = DSy
INA253 High AC CMRR High Common Mode Current Sense Amplifier } o
Family v | vV Y | Solenoid Control with 0.1%, 15 PPM/°C 2m0Q Integrated Shunt 41080 12.5mA 250A1°C 025 | 20TSSOP
Preview devices as of Q2 2017.
g
82 T 3 Input
S8 £ 9 Input Offset  Offset Drift
Part 3’ s 7 = Common Mode =pV =uV/°C Gain Error
Number == @ 3 Description Voltage Range Max Typ % Typ Package(s)
INA301 Overcurrent Protection High-Speed, Precision Current Sense
Family v v Amplifier with Integrated Comparator 0to 36 3 0.1 0.03 8VsSop
INA302 Overcurrent Protection High-Speed, Precision Current Sense
Family v v |v Amplifier with Integrated Dual Comparators 0t036 30 0.02 0.02 14TSS0P
INA303 Overcurrent Protection High-Speed, Precision Current Sense
Family v v\ v Amplifier with Integrated Window Comparator 0to 36 30 0.02 0.02 14T550P
) 10 WSON,
INA300 v 4 Overcurrent Protection Comparator 0to 36 500 0.1 10 VSSOP
INA226 v vV |V Ultra-High Accuracy, Current, Voltage, & Power 0to 36 10 0.02 0.02 10 VSSOP
Ultra-High Accuracy, Current, Voltage, & Power Monitor with 0.1%, o
INA260 vV |V 15 PPM/°C 2mqQ Integrated Shunt 0to 36 5mA 1uA/°C 0.02 16 TSSOP
High Accuracy, Current, Voltage, Power, & Energy
INA233 v Monitor with 1.8V ,9C JPMBUS 0to 36 10 0.02 0.02 10 VSSOP
INA231 vV | v Current, Voltage & Power Monitor with Alert in WCSP Package 0to28 50 0.1 0.2 12 WCSP
INA3221 v vV | v Triple-channel, Current & Voltage Monitor with Alert 0to26 80 0.1 0.1 16 VQFN

Texas Instruments

Preview devices as of Q2 2017.
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Measuring current or
power in your design?

Browse a series of short training
videos to get started.

co—

© ti.com/currentsensetraining Sensing Innovation

Tl Worldwide Technical Support

—Internet IID\hSIa Toll-Free Numb
Tl Semicgnductor Product Information Center Home Page oneNOte: Toll-free numbers ?nayrﬁgt stdr;pgri[
support.ti.com mobile and IP phones.
TI E2E™ Community Home Page Australia 1-800-999-084
e2¢e ti.com China 800-820-8682
o Hong Kong 800-96-5941
. India 000-800-100-8888
Product Information Centers Indonesia 007-803-8861-1006
Americas Phone +1(512) 434-1560 Korea 080-551-2804
Mexico Phone  0800-670-7544 Malaysia 1-800-80-3973
Internet/Email i.com/Isds/ti/csc/support_Americas.page New Zealand 0800-446-934
. . Philippines 1-800-765-7404
Europe, Middle East, and Africa Singapore 800-886-1028
Phone Taiwan 0800-006800
European Free Call 00800-ASK-TEXAS Thailand 001-800-886-0010
(00800 275 83927) International +86-21-23073444
International +49 (0) 8161 80 2121 Fax +86-21-23073686
) Email tiasia@ti.com or ti-china@ti.com
Russian Support +7(4) 959810701 Internet support.ti.com/sc/pic/asia.htm
Note: The European Free Call (Toll Free) number is not active in all countries. Technical forums — www.deyisupport.com

If you have technical difficulty calling the free call number, please use the
international number above.

Important Notice: The products and services of Texas Instruments
Incorporated and its subsidiaries described herein are sold subject to Tl's

Internet www.ti.com/asktexas standard terms and conditions of sale. Customers are advised to obtain
Direct Email asktexas@ti.com the most current and complete information about Tl products and services
Japan before placing orders. Tl assumes no liability for applications assistance,
) customer’s applications or product designs, software performance, or

Fax International +81-3-3344-5317 infringement of patents. The publication of information regarding any

Domestic 0120-81-0036 other company’s products or services does not constitute Tl's approval,
Internet/Email International  ti.com/Isds/ti.csc/support_Japan.page warranty or endorsement thereof.

Domestic www.tij.co.jp/pic B021014

The platform bar, E2E, Sitara and Code Composer Studio are trademarks
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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