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APPLICATION NOTE 3653

MAXQ Microcontroller Drives a Smart and Intelligent 4-20mA 
Transmitter

Abstract: The 4-20mA current loop is a common technique for transmitting sensor information in industrial process-
monitoring applications. (Sensors measure physical parameters such as temperature, pressure, speed, and liquid 
flowrates.) Current-loop signals are relatively insensitive to noise, and their power can be derived from a remotely 
supplied voltage. This makes current loops particularly useful when the information must travel a long distance to a 
remote location.

Straightforward Loop Operation

In a current loop, the output voltage from a sensor is first converted to a proportional current, in which 4mA 
normally represents the sensor's zero-level output and 20mA represents the full-scale output. A receiver at the 
remote end converts the 4-20mA current back to a voltage, which can be further processed by a computer or 
display module. 
 
The typical 4-20mA current-loop circuit consists of four elements: a sensor/transducer, a voltage-to-current 
converter, a loop power supply, and a receiver/monitor. In loop-powered applications, the sensor drives the voltage-
to-current converter, and the other three elements are connected in series to form a closed loop (Figure 1). 
 

 

Figure 1. Diagram of a 4-20mA loop-powered circuit. 
 

The Smart 4-20mA Transmitter

Traditionally, a 4-20mA transmitter included a field-mounted device that sensed a physical parameter and 
generated a proportional current in the standard range of 4-20mA. Responding to industry demand, the second-
generation 4-20mA transmitters, called 'smart transmitters', use a microcontroller (µC) and data converter to 
condition the signal remotely. 
 
Smart transmitters can normalize gain and offset, linearize the sensor by converting its analog signal to digital (RTD 
sensors and thermocouples, for example), process the signals with arithmetic algorithms resident in the µC, convert 
back to analog, and transmit the result as a standard current along the loop. 
 
The newest third-generation 4-20mA transmitters (Figure 2) are considered 'smart and intelligent'. They add digital 
communications which share the twisted-pair line with the 4-20mA signal. The resulting communication channel can 
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transmit control and diagnostic signals along with the sensor data. 
 

 

Figure 2. Diagram of a smart and intelligent 4-20mA transmitter. 
 
The communication standard used by smart transmitters is the Hart protocol, which employs frequency shift keying 
(FSK) and is based on the Bell 202 telephone communication standard. Bits 1 and 0 of the digital signal are 
represented by the frequencies 1200Hz and 2200Hz, respectively. Sine waves at these frequencies are 
superimposed on the sensor's DC analog signal to provide simultaneous analog and digital communications (Figure 
3). 
 



 

Figure 3. Simultaneous analog and digital communications. 
 
The 4-20mA analog signal is not affected in this process because the average value of the FSK signal is always zero. 
The digital states can change two to three times per second without interrupting the analog signal. The minimum 
allowed loop impedance is 23Ω. 
 

Basic µC Requisites for a Smart, Intelligent 4-20mA Transmitter

There are three specific capabilities that a µC must have to perform this 4-20mA current-loop application. The µC 
needs: 

1.  A serial interface to drive the ADC for data acquisition and the DAC for setting loop current. 
2.  Low power consumption, as the current budget is 4mA. 
3.  A multiply-accumulate unit (MAC), which both implements a digital filter applied to the input signal and also 

encodes and decodes the two frequencies of the Hart Protocol. 

Selecting the µC

The above requisite capabilities are all available in the MAXQ family of RISC µCs (Figure 4). 
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