
Analog Engineer's Circuit
Low-side, bidirectional current sensing circuit

Design Goals

Input Output Supply
IiMin IiMax VoMin VoMax Vcc Vee Vref

–1A 1A 110mV 3.19V 3.3V 0V 1.65V

Design Description

This single-supply low-side, bidirectional current sensing solution can accurately detect load currents from –1A 
to 1A. The linear range of the output is from 110mV to 3.19V. Low-side current sensing keeps the common-mode 
voltage near ground, and is thus most useful in applications with large bus voltages.
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Design Notes

1. To minimize errors, set R3 = R1 and R4 = R2.
2. Use precision resistors for higher accuracy.
3. Set output range based on linear output swing (see Aol specification).
4. Low-side sensing should not be used in applications where the system load cannot withstand small ground 

disturbances or in applications that need to detect load shorts.
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Design Steps

1. Determine the transfer equation given R4 = R2 and R1 = R3.Vo = Ii × Rshunt × R4R3 + Vref
Vref = Vcc × R6R5 + R6

2. Determine the maximum shunt resistance.Rshunt = VshuntIimax = 100mV1   A = 100mΩ
3. Set reference voltage.

a. Since the input current range is symmetric, the reference should be set to mid supply. Therefore, make 
R5 and R6 equal.R5 = R6 = 10kΩ

4. Set the difference amplifier gain based on the op amp output swing. The op amp output can swing from 
100mV to 3.2V, given a 3.3-V supply.Gain = VoMax − VoMinRshunt × IiMax − IiMin = 3 .2 V − 100mV100mΩ × 1   A − −1   A = 15 .5 VV

Gain = R4R3 = 15 .5 VV
Choose R1 = R3 = 1 . 3kΩ (Standard Value)
R2 = R4 = 15 . 5VV × 1 . 3kΩ = 20 .15 kΩ ≈ 20kΩ (Standard Value)

www.ti.com

2 Low-side, bidirectional current sensing circuit SBOA223B – FEBRUARY 2018 – REVISED JANUARY 2019
Submit Document Feedback

Copyright © 2023 Texas Instruments Incorporated

https://www.ti.com
https://www.ti.com/lit/pdf/SBOA223
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBOA223B&partnum=


Design Simulations

DC Simulation Results
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Closed Loop AC Simulation Results
T

G
a

in
 (

d
B

)

-20

-10

0

10

20

Frequency (Hz)

10 100 1k 10k 100k 1M 10M

P
h

a
s
e

 [
d

e
g

]

-270

-225

-180

-135

-90

-45

0

-3dB frequency = 77kHz

www.ti.com

SBOA223B – FEBRUARY 2018 – REVISED JANUARY 2019
Submit Document Feedback

Low-side, bidirectional current sensing circuit 3

Copyright © 2023 Texas Instruments Incorporated

https://www.ti.com
https://www.ti.com/lit/pdf/SBOA223
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBOA223B&partnum=


Transient Simulation Results
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Design References

See Analog Engineer's Circuit Cookbooks for TI's comprehensive circuit library.

See circuit SPICE simulation file SBOC500.

See TIPD175, www.ti.com/tipd175.

Design Featured Op Amp

OPA313
Vcc 1.8V to 5.5V

VinCM Rail-to-rail

Vout Rail-to-rail

Vos 500µV

Iq 50µA/Ch

Ib 0.2pA

UGBW 1MHz

SR 0.5V/µs

#Channels 1, 2, 4

www.ti.com/product/opa313

Design Alternate Op Amp

TLV9062 OPA376
Vcc 1.8V to 5.5V 2.2V to 5.5V

VinCM Rail-to-rail Rail-to-rail

Vout Rail-to-rail Rail-to-rail

Vos 300µV 5µV

Iq 538µA/Ch 760µA/Ch

Ib 0.5pA 0.2pA

UGBW 10MHz 5.5MHz

SR 6.5V/µs 2V/µs

#Channels 1, 2, 4 1, 2, 4

www.ti.com/product/tlv9062 www.ti.com/product/opa376

For battery-operated or power-conscious designs, outside of the original design goals described earlier, where 
lowering total system power is desired.

LPV821
Vcc 1.7V to 3.6V

VinCM Rail-to-rail

Vout Rail-to-rail

Vos 1.5µV

Iq 650nA/Ch

Ib 7pA

UGBW 8KHz

SR 3.3V/ms

#Channels 1

www.ti.com/product/lpv821

www.ti.com

SBOA223B – FEBRUARY 2018 – REVISED JANUARY 2019
Submit Document Feedback

Low-side, bidirectional current sensing circuit 5

Copyright © 2023 Texas Instruments Incorporated

http://www.ti.com/analog-circuit/circuit-cookbook.html
http://www.ti.com/lit/zip/sboc500
http://www.ti.com/tool/tipd175
http://www.ti.com/product/opa313
http://www.ti.com/product/tlv9062
http://www.ti.com/product/opa376
http://www.ti.com/product/lpv821
https://www.ti.com
https://www.ti.com/lit/pdf/SBOA223
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBOA223B&partnum=


Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision A (May 2018) to Revision B (January 2019) Page
• Downscale the title............................................................................................................................................. 1• Added link to circuit cookbook landing page...................................................................................................... 1

Changes from Revision * (February 2018) to Revision A (May 2018) Page
• Changed title role to 'Amplifiers'......................................................................................................................... 1
• Added SPICE simulation file link........................................................................................................................ 1
• Added LPV821 as a Design Alternate Op Amp for battery-operated or power-conscious designs....................1
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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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