Analog Engineer’s Circuit Data Converters
Isolated current-measurement circuit with £250-mV
input and differential output
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Design Goals

Current Source Input Voltage Output Voltage Single Power Supply
linMin linMax Dif Vinmin Dif Vinmax Dif Voutmin Dif Voutmax Vbp
-50A 50A -250mV 250mV -2.05V 2.05v 3.0V to 5.5V

Design Description

This isolated single-supply bidirectional current sensing circuit can accurately measure load currents from —50A
to 50A. The linear range of the input is from —250mV to 250mV with a differential output range of —2.05V to
2.05V. The gain of the circuit is fixed at 8.2V/V. The design requires 1000-V working voltage to maintain operator
safety in a high-voltage application.
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Design Notes

1. Select an amplifier with at least 1000-V working voltage across the isolation barrier.

2. Select input filter components to minimize voltage drop from internal bias currents and maintain a —3-dB
cutoff frequency of approximately 1MHz.

3. For highest accuracy, use a precision shunt resistor with low temperature coefficient.

4. Select the current shunt for expected peak input current levels.

5. Shunt resistor power should be three to eight times larger than the expected continuous power rating of the
system.

Design Steps
1. Determine the transfer equation given the input current range and the fixed gain of the isolation amplifier.

VOUT = lin X RShunt X 82V
2. Determine the maximum shunt resistor.

Vshunt 250mV
50A

Rshunt = =5mQ

inMax

3. Determine the minimum shunt resistor power needed.

Power Rshunt = IinMax2 x Rshunt = 2500x 0.005 =12.5W
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Design Simulations

Design Simulations

DC Simulation Results
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Closed Loop AC Simulation Results
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Closed Loop AC Simulation Results
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Transient Simulation Results

Transient Simulation Results
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Design References

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

Link to Key Files (TINA)

Design files for this circuit — AMC3301 TINA-TI Reference Design

Design Featured Op Amp

AMC3301
Working voltage 1000Vryms
Gain 8.2VIV
Bandwidth 300kHz TYP
Linear input voltage range +250mv
www.ti.com/product/AMC3301
Design Alternate Op Amp
AMC3330
Working voltage 1000Vrms
Gain 2VIV
Bandwidth 310kHz TYP
Linear input voltage range +1000mV

www.ti.com/product/AMC3330-Q1
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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 Tl 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. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl 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 Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.
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