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Current transmitter applications 
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4-20mA overview 

• 4mA represents 0% input level 
– Allows up to 4mA to power external input circuitry 

– 4mA zero level allows under-scale settings and fault detection 

• 20mA represents 100% input level 
– Over-scale can also be used to detect fault conditions 
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Transmitter configurations 
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• Current transmission 
block diagram  

– Transmitter: current 

source 

– Receiver: 250Ω resistor 

translates current to 

voltage 

– ADC: translates voltage 

to digital signal 
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• Current transmission 
block diagram  

– Signals travel >1km 

– Voltage transmission 

would be attenuated 

– Current loops are 

essentially lossless 
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• Current transmission 
block diagram  

– Current in a loop is 

equivalent at any point in 

the loop 

– Current leakage can 

introduce error 
8mA 

8mA 
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• Current transmission 
block diagram  

– Current in a loop is 

equivalent at any point in 

the loop 

– Current leakage can 

introduce error 
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• Current transmission 
block diagram  

– Many noise sources in 

industrial environments 

– Low impedance of a 

current loop system 

makes it much less 

sensitive to induced 

noise 
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How are analog outputs used in industrial 
automation? 

• Programmable logic controllers 
(PLCs) 
– Analog output modules that control 

something placed in the field 
• Communication, valve position, position 

of linear actuator, etc. 

– Analog output module is powered by 
PLC back-plane 
• Primarily 3-wire systems 

• Field elements 
–Analog outputs paired with sensors, 

placed remotely in the field 

–Comprise a majority of the market for 
industrial analog outputs 

–Most often 2-wire, or loop-powered, 4-
20mA sensor transmitters 
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– Temperature 

– 2-wire transmitter 

– Valve, heater 

– 3-wire transmitter 

Transmit control 

signals from a 

control station out to 

a remote device. 

Report a process 

variable from a 

remote sensor to a 

control station. 



Designing 4-20mA transmitters 

• Discrete 

– Customizable  

• Partially integrated 

– Reduces size while still allowing for various input types 

• Fully integrated 

– Further reduces size 

– HART interface 
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4-20mA transmitters – fully discrete 
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TIPD190 

TIPD155 
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TIPD119 

TIPD216 

http://www.ti.com/tool/tipd119
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HART – what is it? why is it useful? 

• HART – Highway Addressable Remote Transducer 

– Bell 202 Frequency Shift Keying Standard at 1200 bps 

• “Mark” and “Space” symbols (1mApp) 

– Mark: 1200 Hz sinusoid, represents 1 

– Space: 2200 Hz sinusoid, represents 0 
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Thanks for your time! 

Please try the quiz.  
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Quiz: Introduction to 4-20mA Current Loop 
Transmitters || Question 
1. True/False: The function of a 4-20mA transmitter is to convert a 0-100% signal 

to a 4-20mA current signal to be transmitted across a long distance.  
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Quiz: Introduction to 4-20mA Current Loop 
Transmitters || Answer 
1.  True/False: The function of a 4-20mA transmitter is to convert a 0-100% 

signal to a 4-20mA current signal to be transmitted across a long distance.  
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Quiz: Introduction to 4-20mA Current Loop 
Transmitters || Question 
2. Fill in the blanks: _______ transmitters are less sensitive to noise than 

_______ transmitters due to their inherent _______ impedance.   

 

a) Current, voltage, high 

b) Voltage, current, high 

c) Current, voltage, low 

d) Voltage, current, low 
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Quiz: Introduction to 4-20mA Current Loop 
Transmitters || Answer 
2. Fill in the blanks: _______ transmitters are less sensitive to noise than 

_______ transmitters due to their inherent _______ impedance.   

 

a) Current, voltage, high 
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Quiz: Introduction to 4-20mA Current Loop 
Transmitters || Question 
3. Which type of transmitter is loop supplied? 

 

a) 2-wire transmitter 

b) 3-wire transmitter 

c) 4-wire transmitter 

d) None of the above 

 

6 



Quiz: Introduction to 4-20mA Current Loop 
Transmitters || Answer 
3. Which type of transmitter is loop supplied? 

 

a) 2-wire transmitter 

b) 3-wire transmitter 

c) 4-wire transmitter 

d) None of the above 

 

7 



Quiz: Introduction to 4-20mA Current Loop 
Transmitters || Question 
4. What receiver resistor value would convert a 4-20mA signal to 2-10V? 

 

a) 1kΩ 

b) 500Ω 

c) 250Ω 

d) 100Ω 
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Quiz: Introduction to 4-20mA Current Loop 
Transmitters || Answer 
4. What receiver resistor value would convert a 4-20mA signal to 1-5V? 

 

a) 1kΩ 

b) 500Ω 

c) 250Ω 

d) 100Ω 
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Quiz: Introduction to 4-20mA Current Loop 
Transmitters || Question 
5. Which of the following is not a main component in a discrete current 

transmitter? 

 

a) Inductors 

b) Resistors 

c) Transistors 

d) Op-amps 
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Quiz: Introduction to 4-20mA Current Loop 
Transmitters || Answer 
5. Which of the following is not a main component in a discrete current 

transmitter? 

 

a) Inductors 

b) Resistors 

c) Transistors 

d) Op-amps 
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Quiz: Introduction to 4-20mA Current Loop 
Transmitters || Question 
6. The NAMUR NE43 signal standard allows for which of the following failure 

modes?  

 

a) Over-scale 

b) Under-scale 

c) Over-scale, and under-scale  

d) None of the above 
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Quiz: Introduction to 4-20mA Current Loop 
Transmitters || Answer 
6. The NAMUR NE43 signal standard allows for which of the following failure 

modes?  

 

a) Over-scale 

b) Under-scale 

c) Over-scale, and under-scale  

d) None of the above 
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Quiz: Introduction to 4-20mA Current Loop 
Transmitters || Question 
7. What does HART stand for? 

 

a) Highway Addressable Resistive Transmitter 

b) Highway Addressable Resistive Transducer 

c) Highway Addressable Remote Transmitter 

d) Highway Addressable Remote Transducer 
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Quiz: Introduction to 4-20mA Current Loop 
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HART uses frequency shift 

keying to represent binary data 

with two waveforms. 
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and additional sensor data
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Thanks for your time! 



To find more Current Transmitter 
technical resources and search 
products, visit: 
https://www.ti.com/amplifier-
circuit/special-function/4-20ma-signal-
conditioners.html  
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