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Design Description

The loop powered current transmitter regulates the current in series loop consisting of the power supply,
transmitter, and load resistance. The active circuitry in the transmitter derives power from the loop current,
meaning the current consumption of all devices must be less than the zero-scale current, which can be as low as
3.5mA in some applications. A regulator steps down the loop voltage to supply the DAC, op amp and additional
circuitry. The op amp biases the transistor to regulate the current flowing from Loop+ to Loop-. The circuit

is commonly used in 2-wire field sensor-transmitters such as Flow Transmitters, Level Transmitters, Pressure
Transmitters, and Temperature Transmitters.
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Design Notes

1. Select a single channel DAC with the required resolution and accuracy for the application. Use an op amp
with low offset and low drift to minimize error.

2. Select a low power DAC, op amp, and voltage regulator to establish a total sensor-transmitter quiescent
current of less than 4mA.

3. Minimize current flow through R1, R2, and R3 by selecting a large ratio of R3/R4 to minimize thermal drift of
the resistors.

4. Use precision low drift resistors for R1-R4, R7-R8 to minimize error.

5. Use a voltage regulator with a wide input voltage range and low dropout voltage to allow for a wide range of
loop supply voltages.

SLAAB66A — DECEMBER 2018 — REVISED SEPTEMBER 2024 Loop-Powered 4mA to 20mA Transmitter Circuit 1
Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


http://www.ti.com/applications/industrial/factory-automation/overview.html
http://www.ti.com/solution/flow_meter
http://www.ti.com/solution/level-measurement
http://www.ti.com/solution/pressure-transmitter
http://www.ti.com/solution/pressure-transmitter
http://www.ti.com/solution/temperature_sensor
https://www.ti.com
https://www.ti.com/lit/pdf/SLAA866
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLAA866A&partnum=

13 TEXAS
INSTRUMENTS

www.ti.com

Design Steps

The output current transfer function is:

V, V, R3
| _| ¥bac REG |[ RS 4
out [ R1 = R2 j[R4+]
1. Select a large ratio of R3/R4:

R3 _ 4.32kQ
R4 26.7Q

2. Calculate R2 based on the zero-scale current (4mA), regulator voltage, and gain ratio (R3/R4).

R2 = VR_EG[E+ 1] _ ﬂ(“-”kg +1J ~122.10kQ
lourzs \R4 amA | 26.70

3. Calculate R1 to set the full-scale current based on the full-scale DAC voltage and current span of 16mA.

v
R1= ﬂ(@+ 1) - ﬂ(“'?’zm N 1} - 30.524KQ

4. Calculate the zero-scale output current based on the chosen resistance values.

Vres [RS N 1) 3V (4.32kQ
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5. Calculate the full-scale current based on the chosen resistor values.

louTFs = Voac , Vree |(R3 4 _ vV __,_3V 4.32kQ  11-19.9891mA
' R1 R2 J\R4 30.542kQ  122.15kQ )\ 26.7Q
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Small Signal Step Response
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Devices
Device Key Features Link Other Possible Devices
DACs
DAC7311 12-bit resolution, single channel, ultra-low power, 1 LSB INL, SPI, 2V | 12-bit, single-channel, ultra-low power | Precision DACs (€10 MSPS)
to 5.5V supply DAC in 6-pin SC70 package for
battery powered applications
DAC8560 16-bit resolution, single channel, internal reference, low power, 4 LSB | 16bit, Single Channel, 80uA, Precision DACs (<10 MSPS)
INL, SPI, 2V to 5.5V supply 2.0V-5.5V DAC in SC70 Package
DACB8830 16-bit resolution, single channel, ultra-low power, unbuffered output, 1 | 16-bit, single-channel, ultra-low Precision DACs (<10 MSPS)
LSB INL, SPI, 2.7V to 5.5V supply power, voltage output DAC
DAC161S997 | 16-bit, 4-20mA current output, 100uA supply current, SPI, 2.7V to 3.3V | 16-Bit Precision DAC With Internal Precision DACs (<10 MSPS)
supply Reference and 4mA-to-20mA Current
Loop Drive
Amplifiers
TLV9001 Low-Power, 0.4mV Offset, Rail-to-Rail /0, 1.8V to 5.5V supply One-channel, 1-MHz rail-to-rail input | Operational amplifiers (op
and output 1.8-V to 5.5-V operational |amps)
amplifier
OPA317 Zero-Drift, Low-Offset, Rail-to-Rail /0, 35uA supply current max, 2.5V |Low Offset, Rail-to-Rail /O Operational amplifiers (op
to 5.5V supply Operational Amplifier amps)
OPA333 microPower, Zero-Drift, Low Offset, Rail-to-Rail I/0, 1.8V to 5.5V Micropower, 1.8-V, 17-pA zero-drift Operational amplifiers (op
supply CMOS precision operational amplifier | amps)

Links to Key Files
Texas Instruments, Low Cost Loop-Powered 4-20mA Transmitter EMC/EMI Tested, TIPD158 reference design

Texas Instruments, 4-20mA Current Loop Transmitter, TIDA-00648 reference design

Texas Instruments, Highly-Accurate, Loop-Powered, 4mA to 20mA Field Transmitter with HART® Modem,
TIDA-01504 reference design

Texas Instruments, source files for SLAA866, SLAC782 software support

Trademarks
All trademarks are the property of their respective owners.
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