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APPLICATION NOTES OF SIGNAL ISOLATORS 

 

 

 

 

 

 

 

 

 

 
一、General Characteristics of Signal Isolator 
Variety of automated instruments, control systems and implementing agencies are used to monitor and control in industrial 

production. Generally, two-wire system transmit power distributor is used in industrial field. It supplies the power of 24V to 

instruments as pressure transmitter, and temperature transmitter, meanwhile, acquiring , amplifying, operating the input 

current signal, and after anti-jamming treatment then supply isolate output signal of current and voltage to the secondary 

instrument other instruments. The equipment as this distributor used in industrial field is Signal Isolator. 

The isolator can successfully overcome the adverse effects of “loop-powered” circuits, by multiple separate return paths to 

minimize interference and leakage of high-frequency signals. With the function of isolation, it can protect downstream 

circuits from lightning transients and surges. 

The isolator can successfully overcome the errors in the measuring data and the distortion of signals which are caused by the 

potential differences in signal level for long transmission paths. In this case, we must convert voltage signal to current signal, 

which can be utilized in long distance transmissions. 

Isolators can take over the standard or non-standard analog signal from the field, convert the signal to a standard one, which 

will be adopted by control-room or DCS system realizing the 3-port isolation between input, output & power. The current 

signals, voltage signals, mV small signals or some special signal from the field sensors, transmitters can’t be collected 

directly. They should be converted to a voltage signal, which will be much more convenient to data collection. The isolator 

can process, isolate and convert various signals to industry standard signals of the computer, DCS, PLC or any special signal. 

Isolators are widely used in measuring equipment, medical electronic & electric power instruments.  

Isolators can take over various signals, such as temperature sensor/transmitter, pressure sensor/transmitter, liquid level 

sensor/transmitter, humidity sensor/transmitter, flux sensor/transmitter, gas sensor/transmitter, optical sensor/transmitter, etc. 

Main application area as follows: 
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二、The reasons and solutions about interfere 
The isolation amplifier is the isolator between input and output, widely used in measuring equipment, medical Electronic & 

electric power instruments. Various automatic meters and industrial control instruments & systems are used as monitors and 

controllers during the production of industrial products. These will bring interferences between meters and equipments, false 

operation and even damage to the system, which can be caused by poor performance of such meters, equipment, especially 

the anti-interference types. There are other main reasons as bellow. 

2.1 “loop-powered” by multiple earth 

The multiple earth topology may bring unwanted voltage potential betw reference points, which can lead to distortion of the 

signal during the long distance transmission. 
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To solve the signal distortion of “loop-powered” circuits successfully without any influence on transmission of the signal, the 

loops should be removed, realizing the true isolation of signals. 
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2.2 Interference and leakage of high-frequency signals 

In the industrial monitor application where the measuring signal is not always present, which may caused by: 1) interference; 

or 2) Leakage of the high-frequency signal. If the transducer is controlled by a current signal, with a high frequency filter, 

the transducer and valve may not operate properly.  

+
DCS
PLC Transducer

 
The best solution to solve Interference and leakage of high-frequency signal problems, is to connect an isolation amplifier 

between these two circuits as shown. 
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2.3 Equipment protection and safety concerns 
Lightning strikes, surges and high voltage pulses during long transmission paths can cause poor signal transmission and 

possibly damage to the monitoring/ sampling equipment (DCS, PLC, PC, etc). Isolators can effectively protect the 

monitoring/sampling equipment by providing true circuit isolation.  

Medical electronic equipment usually uses sensors to monitor a patient. Any small failure may cause electric shock and 

potentially harm the patient. So it is essential for the protection of the patient to not only isolate the input sensory circuitry, 

but also the probe head internally, etc thus doubling the isolation and the protection to the patient.  

There will always be double isolation systems utilized in the monitoring of power plants and transformer substations in case 

of accidents. To avoid these accidents, such as a signal open circuit, short-circuit, or other failures, additional electric 

isolation is used for another level of protection.  

 

2.4 Signal power conflicts 

Same receiving equipment self contained 24V power (loop power supply input), but the field transmitter is 4-wire and the 

Signal output is active. At this time, between the field 4-wire transmitter and the 2-wire power Signal from the receiving 

equipment will conflict if introduction of the field signal to the receiving equipment directly. Please see the Fig. below. 

 

Isolators will be used to solve the above problems. For the current input or voltage input we can use corresponding signal 

isolation barrier, it not only can avoid the power conflicting between the signal and the receiving equipment, but also can 

isolate the signal and improve the anti-interference ability. Please see the Fig. below. 

       

 

三、Comparison of supplied by loop circuit, extra power, output loop  

Supply mode，supplied by loop circuit, supplied by extra power, and supplied by output loop  

3.1 Supplied by loop circuit  

Isolators are convenient to use without extra power supply request, and it is easy to connecting for input and output are 

two-wire system. DCS, PLC or display meter distribute power to two-wire transmitter after isolating, at the same time, 

two-wire transmitter generate and import isolated 4 ~ 20mA signal to the DCS, PLC or display meter. These products are 

Loop power supply, absorb the power supply provided by the output load. The Loop power supply load can be the PLC, 

DCS etc. that With voltage output boards. The products main be used in the PLC, DCS with Loop power supply.  
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Disadvantage: 

① Isolators is equivalent to a load, and the voltage drop of it is nearly and less than 6V. It means that the power supplied to 

the two-wire transmitter is reduced by isolator, so transmitter is required to work with 1 2 V power supply normally. For 

example: power supply is 24V, RL = 250Ω. When Current is 20mA, the power supply to two-wire transmitter is ,UO ≈ 

24V-0.02 × RL-6 ≥ 13V, transmitter is required to work normally with 1 2 V. 

② Please pay attention to that the transmission accuracy of 0.4% FS is a bit lower than the one with extra power.  

 

3.2 Supplied by Extra power 

This is the most common isolator which is fit for two-wire transmitter. it supplies extra power to transmitter, drawing as 

below. 

① High transmission accuracy, up to 0.1％ F.S.. 

② It is flexible to connect , two-wire system transmitter, three-wire system transmitter or current signal. 

③ Isolated among power supply, input and output,  high performance of anti-jamming. 

 
3.3 supplied by output loop  

In industrial monitoring system, the usage of DCS, PLC or display meter with internal power supply is more and more widely. 

Loop circuit supply isolators are often can not meet these instruments’ requirement of high precision of signal isolated 

transmission and power demanded by two-wire transmitter, thus we release the output loop supplied product which retain an 

superior performance of extra power and also satisfy the requirement of loop supply interface (drawing as below). 

 

 
四、Application of 1-in-2-out signal distributor 
In application, we will often find the case that one signal transmitter will connect to two or more receiving devices. If 

connected to serial loop, anywhere of the loop is open will cause all the instruments of the loop without signal, and the 

resistance load is easy to exceed the transmitter’s load capacity. Meanwhile, it must ensure the reference points between the 

two load signals are different. as Figure 11. 
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The above method is not recommended, please find the common method here,  

Connecting a series resistor in the loop, and then connect load resistor in parallel to acquire voltage signal., e.g. connecting a 

series resistor of 250Ω to convert current signal 4 ~ 20mA into voltage signal 1 ~ 5V. Although this mode could avoid the 

problems such as open-loop and load capacity, it also has some disadvantages, drawing as below: 

① The method of acquiring voltage signal through the series resistance is based on the assumption that the receiving device 

input impedance is infinite, so the input impedance will cause measurement error of the signal, and the more parallel 

devices, the greater the error. 

② The longer the wire, the greater the voltage drop of wire resistance, and it will influence voltage signal the more. So the 

transmission distance should not be too far. 

③ As RFI/EMI signal is easy to superimpose to voltage, it will interfere by radio frequency and electromagnetism. 

           
The best solution to solve above issues is using signal distributor, convert one input to two isolated output, and with high 

accuracy and isolation. 

① Tow output signal can be select, same or different. Transmitter is isolated with each receiving device. 

② Equipment failure of any receiving device will not influence the loop circuit or the others receiving device.  

 

  

 

五、Temperature Measurement with Resistance Thermometers and Thermocouples  

In many fields of industry temperature is an important controlled variable. Here, the most important sensors 

are resistance thermometers and thermocouples. 
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6.1 Resistance thermometers  

Resistance thermometers are highly accurate temperature sensors with long-term stability. They measure 

temperatures by using the temperature dependence of the electric resistor. Resistance thermometers are mainly 

used to measure low and medium temperatures, for example, in air-conditioning, process engineering, and the 

food industry.  

The most common resistance thermometers are Pt100, Pt1000, and Ni100. The first part of the designation 

represents the resistor material, the second part specifies the resistance in ohms at 0 °C. Thus, for example, Pt100 

designates a resistance thermometer made of platinum and having a resistance of 100 ohms at 0 °C.  

MORNSUN’s TRxxxPI series isolation barriers allow connection of all common resistance thermometers either 

with 2-, 3-, or 4-wire connection (see Fig. as bellow). With a digital bus interface, the device can provide digital 

network output of DCS system, and the signal type and range of input & output can be programmed , it is an 

intelligent product. 

 

6.2 Thermocouples 

Thermocouples make use of the effect named after T. J. Seebeck that a junction of two dissimilar metals 

produces an electric voltage which is influenced by the difference between the temperature at the reference 

junction and the temperature of the point of measurement (see Fig. as bellow ). 

 

When the thermoelectric voltage VT is measured using a suitable transmitter and when the temperature 

at the reference junction is known, the temperature at the point of measurement can be determined from the 

characteristic of the thermocouple used. This calculation is usually performed in the temperature transmitter. 

The temperature at the reference junction can be measured or adjusted by thermostating. In practice, a 

measurement is either taken “internally“, then the reference junction is within the temperature transmitter, or 

“externally“, then reference junction and temperature sensor of the junction, e. g. a Pt100, are outside the 

transmitter.  

The voltage caused by the thermoelectric effect is very low –just a few microvolts per Kelvin. To obtain an 
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interference-proof measurement signal, thermocouples are preferably used for high temperatures, for example, for 

measurements in ovens, smelting plants, and plastic machines. A great number of metal pairs was tested for the 

production of practical thermocouples. Subsequent standardization resulted in a manageable range of 

standardized thermocouples with defined material pairs. They cover the majority of all industrial temperature 

measurement applications. The characteristics including permissible tolerances of thermocouples are defined 

internationally in the IEC 584-1 standard and in DIN 43710 which is not valid any more and is to be applied only to 

old plants. 

   Standard Thermocouple as follows  

Type structure Remark 

J Iron/Constantan (Fe/CuNi) IEC 584-1, EN 60584-1 

T Copper/Constantan (Cu/CuNi) IEC 584-1, EN 60584-1 

K Nickel Chromium/Nickel (NiCr/Ni) IEC 584-1, EN 60584-1 

E Nickel Chromium/Constantan (NiCr/CuNi) IEC 584-1, EN 60584-1 

N Nicrosil/Nisil (NiCrSi/NiSi) IEC 584-1, EN 60584-1 

S Platinum Rhodium/Platinum (Pt10Rh/Pt) IEC 584-1, EN 60584-1 

R Platinum Rhodium/Platinum (Pt13Rh/Pt) IEC 584-1, EN 60584-1 

B Platinum Rhodium/Platinum (Pt30Rh/Pt6Rh) IEC 584-1, EN 60584-1 

L Iron/Constantan (Fe/CuNi) DIN 43710 (not valid any more) 

U  (Cu/CuNi) DIN 43710 (not valid any more) 

High-temperature thermocouples such as W3Re/W25Re (tungsten 3% rhenium/tungsten 25% rhenium) or 

W5Re/W26Re (tungsten 5% rhenium/tungsten 26% rhenium) have not yet found their way into a standard. Their 

characteristics are specified in ASTM E 988-96. 

MORNSUN’s TCxxxPI series isolation barriers can process the signals of all common thermocouples. With a 

digital bus interface, the device can provide digital network output of DCS system, and the signal type and range of 

input & output can be programmed, it is an intelligent product. 

 

六、Force Measurements with Strain Gages 

Force, weight, torque, mechanical tension, and the resulting parameters can be measured by using strain 

gages. These make use of the effect that a change in length of a conductor due to strain results in a proportional 

change in its electric resistance. In a strain gage transmitter this resistance change is detected as 

a measure for the strain, force, etc. and then is converted to a standard signal for display and further processing. 

In practical industry applications the filling weight of a container, for example, is measured by load cells (force 

sensors, force transducers) which usually have integrated strain gage full bridges. The bridge sensitivity is 

specified as signal level at the bridge output in millivolts related to the excitation voltage in volts, i.e. for example 2 

mV/V. When the sensitivity is known, e.g. from the calibration certificate of the sensor manufacturer, it is adjusted 

at the transmitter. If only the nominal sensitivity is known, the actual sensitivity can be determined by calibration 

with a defined mechanical load. Correspondingly, the zero point can be adjusted at the transmitter by using a tare 

function. 

The strain gage bridge can be connected in 4-wire configuration (see Fig. as bellow ). If the error caused by 

the current-carrying excitation lines is to be reduced, a 6-wire configuration is used. 
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Here, the bridge excitation voltage is measured through separate lines, virtually currentless and therefore 

fault-free. In practice, also sensors that are equipped with 6 lines are operated at 4-wire transmitters by combining 

2 excitation lines each. Alternatively, an external supply may be used to take advantage of the 6-wire connection 

(see Fig. as above).  

MORNSUN’s TMxxxB series isolation barriers have been designed for customary strain gage sensors in a 

full-bridge arrangement. These mV-level isolation barriers can receive the mV-voltage signal input from the scene, 

and transmit a standard output signal to the control room or DCS through isolation. With characteristics of high 

output accuracy, good linearity and low temperature drift, it needs an independent power supply, and three port 

Isolation among input, output and power supply. 
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