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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 mAs to 100s A

e Natively support common-mode voltages from -16 to +80V and with
additional circuitry up to 100s 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%.
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Analog Output

e

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

e

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

Integrated Shunt

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 Load shorted to ground (fault condition) can be easily detected
e Current is monitored directly from the source

e High immunity to ground disturbance

System Challenges:
e High bus voltage limits the availability of high Input common-mode
voltage devices

Advantages over Standard Op Amps:

¢ Integrated gain resistors:
o Provides excellent matching that requires more expensive

external precision resistors with an op amp approach

o Reduces board space requirements

¢ High dynamic changes in the common-mode voltage is 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 Load shorted to ground (fault condition) is hard to detect
e System ground disturbance by the shunt resistor

Advantages over Standard Op Amps:

¢ Integrated gain resistors:
o Provides excellent matching that requires more expensive

external precision resistors with an op amp approach

o Reduces board space requirements

e True differential measurement across the shunt resistor

e | ower VoreseT Saves system power by enabling the use of
smaller value shunt resistors to achieve the same error level
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Voltage
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INA199
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Total Error

e For small differential signals at the input, the error is dominated
by the ampilifier’s offset voltage. Low input offsets are critical to
achieving accurate measurements at the low end of the dynamic
range.

e For large differential signals at the input, the error is dominated by
the ampilifier’s gain error.
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Current
TI Designs

Sense Amplifiers

TIDésigns

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 Revirse Curent
One of the keys to preventing damage in automotive Battery ooty v Battery
electronic systems is the ability to detect and react /LOAD " Switch /LoAD
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 _ .
30A and scalable to > 100A. Sy
Bus Supply
400V
Q
O ./
VVVj
40V to 400V Unidirectional Current/Voltage/Power > oG -
Monitoring £
This Tl Design demonstrates a simple, non-isolated = — g
technique using a precision opamp and a high '?’j R1 1991 H Sy
TIDA-00528 voltage P-FET to extend the common-mode voltage {iz W wov | O
of a current sense amplifier up to 400 V. With minor >|:, P-FET
component changes, this design can be optimized VBus Vs
for any voltage ranging from 40 to 400 Volts. R, 3 INA226 :s: :;I; MicroController/
;T L
Three-phase Current Measurements for Motor INA199
Maximizing motor control requires accurate current
measurement. This reference design featuring Rsnunt =C
the INA199 demonstrates a method for enhancing § =C
TIDA-00753 the signal chain on the output of a current transformer. J;= c
In addition, this circuits offers significant power =
savings by lowering the burden resistor value.
TDKCT 0.1 E, 1W
0-300 A 15ppm,
N=3000 2515
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Current Sense Amplifiers

Featured Products

Part Number

INA210
Family

INA282
Family

INA240
Family

INA216
Family

INA199
Family
INA225

LMP8481
Family

LMP8640
Family

INA193
Family

INA301
Family

INA300
INA226

INA231

INA3221

INA250
Family

AEC-Q100
Available

AN

<

Bi-directional

AN

<

Low-Side

Description
High performance, Zero-Drift Current Sense Amplifier

High Performance, High Common Mode Current
Sense Amplifier

High AC CMRR High Common Mode Current Sense
Amplifier for Motor & Solenoid Control

Ultra-small, 5V Current Sense Amplifier

Value line, Zero-Drift Current Sense Amplifier

Programmable-Gain, Zero-Drift, High Accuracy
Current Sense Amplifier

High Common Mode, High-Speed Current Sense
Amplifier
High-Speed Current Sense Amplifier

High Common Mode, High-Speed Current Sense
Amplifier

Overcurrent protection high-speed, precision current
sense amplifier with integrated comparator

Overcurrent Protection Comparator

Ultra-High Accuracy, Current, Voltage, & Power
Monitor with Alert

Current, Voltage & Power Monitor with Alert in
Ultra-small WCSP

Triple-channel, Current & Voltage Monitor with Alert

High Accuracy, Zero-Drift Current Sense Amplifier with
0.1%, 15 PPM 2m(Q Integrated Shunt

Common Mode
Voltage Range

-0.3t0 26
-14 10 80
-4 10 80
1.8t05.5
-0.3t0 26
0o 36
41076
-2 t0 42
-16 to 80
00 36
0t0 36
0o 36

0t0o28
0to 26

010 36

Input Offset
+/-pV
Max

35
70
100
100
150
150
265
900
2000
100

650

Input
Offset Drift
+/-pV/°C
Typ

250A/°C

Gain Error %
Typ

0.02
0.4
0.05
0.01

0.03

Package(s)

10 UQFN, 6
SC70

8 VSSOP, 8
S0IC
8 TSSOP

10 UQFN, 4
WSCP

10 UQFN, 6
SC70

8 VSSOP
8 VSSOP
6 S0T
5S0T-23

8 VSSOP

10 WSON, 10
VSSOP

10 VSSOP

12 WCSP
16 VOFN

16 TSSOP

Measuring current or
power in your design?

Browse 15 short training
videos to get started.

O ti.com/currentsensetraining

Texas Instruments
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Preview devices are listed in bold teal.

Sensing Innovation
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Tl Worldwide Technical Support

Internet

Tl Semiconductor Product Information Center
Home Page
support.ti.com

TI E2E™ Community Home Page
g2e.ti.com

Product Information Centers
Americas Phone +1(512) 434-1560

Brazil Phone 0800-891-2616
Mexico Phone 0800-670-7544

Fax +1(972) 927-6377
Internet/Email support.ti.com/sc/pic/americas.htm

Europe, Middle East, and Africa

Phone
European Free Call 00800-ASK-TEXAS
(00800 275 83927)
International +49 (0) 8161 80 2121
Russian Support +7(4) 9598 10 701

Note: The European Free Call (Toll Free) number is not active in
all countries. If you have technical difficulty calling the free call
number, please use the international number above.

Fax +(49) (0) 8161 80 2045

Internet www.ti.com/asktexas

Direct Email asktexas@ti.com

Japan

Phone Domestic 0120-92-3326

Fax International +81-3-3344-5317
Domestic 0120-81-0036

Internet/Email  International  support.ti.com/sc/pic/japan.htm
Domestic www.tij.co.jp/pic

The platform bar, E2E, Sitara and Code Composer Studio are trademarks
and SIMPLE SWITCHER is a registered mark of Texas Instruments.
All other trademarks are the property of their respective owners.

I

© 2016 Texas Instruments Incorporated

Asia

Phone
International +91-80-41381665
Domestic Toll-Free Number

Note: Toll-free numbers do not support
mobile and IP phones.

Australia 1-800-999-084
China 800-820-8682
Hong Kong 800-96-5941
India 1-800-425-7888
Indonesia 001-803-8861-1006
Korea 080-551-2804
Malaysia 1-800-80-3973
New Zealand 0800-446-934
Philippines 1-800-765-7404
Singapore 800-886-1028
Taiwan 0800-006800
Thailand 001-800-886-0010

Fax +8621-23073686

Email tiasia@ti.com or ti-china@ti.com

Internet support.ti.com/sc/pic/asia.htm

Important Notice: The products and services of Texas Instruments
Incorporated and its subsidiaries described herein are sold subject to Tl's
standard terms and conditions of sale. Customers are advised to obtain the
most current and complete information about Tl products and services
before placing orders. Tl assumes no liability for applications assistance,
customer’s applications or product designs, software performance, or
infringement of patents. The publication of information regarding any other
company’s products or services does not constitute TI's approval, warranty
or endorsement thereof.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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