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FAQ: Temperature Sensors – Basic 

By Gary Leo Balgemino and Mike Samuel Garcia 

Introduction 
Electrical devices or components dissipate heat even 
in normal operations and monitoring the temperature 
of these components is critical to maintain its 
functionality and ensure longevity. To protect the 
electrical components, their temperature is monitored 
by temperature sensing circuits which may control the 
switch of an electronic device to power it off if it gets 
too hot or it can control a cooling system to maintain 
temperature levels. Temperature sensing circuits can 
also be used in a variety of applications like over 
voltage and over current protection, thermostats, motor 
control, and other circuits which require temperature 
measurements. These circuits utilize a temperature 
sensor which is a device that absorbs heat in its 
surroundings and then convert the heat energy to an 
electrical signal (voltage or current) so an electronic 

device can utilize the temperature data.  

In the Signal Chain for a Data Acquisition in Figure 1, 
the temperature sensor can be regarded as a voltage 
or current source whose output will be scaled or 
buffered by the amplifier circuit. The output of this 
amplifier can be used to control the gate voltage of a 
switch, or it can be directed to an Analog to Digital 

Converter where it can be processed.  

Applications 

There are a lot of applications that a Temperature 
Sensor can be used. Figure 2 shows a basic signal flow 
block diagram where a user inputs a desired 
temperature level which be acted on by an electric 
actuator. The output of the actuator will be measured 
by the temperature sensor which will then serve as 
input to control the next actions of the actuator. This 

process is the feedback application using temperature 
sensing. 

 
Figure 2. Temperature Sensing for Feedback Applications 

 

Some applications include data acquisition for 
condition-based monitoring, industrial equipment and 
electronics, and healthcare. Condition-based 
Monitoring pertains to a strategy that monitors a 
condition of a machine that helps users to maintain and 
preserve its performance and quality through time. The 
temperature of machine parts, especially the moving 
parts, are continuously monitored so a preventive 
maintenance such as replacement of parts and adding 
lubrication can be scheduled. 

Heating, ventilation, and air conditioning (HVAC) 
systems, automotive, and electronics have parts that 
are always monitored for its temperature. Most of the 
time, a cooling system gets activated when a 
temperature threshold is reached. Air-conditioning 
compressor gets active whenever a room gets too hot, 
the speed of a radiator fan increases when a vehicle 
engine gets too hot, and the laptop fans gets more 
power to maintain the temperature of the circuitry.  

Figure 1. Basic Signal Chain for Data Acquisition 
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Aside from a general usage of temperature sensors as 
thermometers in healthcare, the parts of some medical 
equipment such as MRI, ultrasound scanners, and x-
ray are monitored to ensure that each measurement 
are accurate.  

Types of Temperature Sensors 
There are several types of sensors for measuring 
temperature, and each vary in terms of temperature 
range being measured and the accuracy that can be 
achieved. The most used are Thermocouples (TC), 
Resistance temperature detectors (RTD), Thermistors, 
and Semiconductor sensor (IC) wherein each has its 

own advantages and disadvantages or tradeoffs. 

Thermocouples 

Thermocouples comprise of two dissimilar metals 
joined (either welded or twisted) together at one end 
and open at the other. They operate on the principle of 
the thermoelectric effect (Seebeck Effect) and can be 
thought of as the produced voltage proportional to the 
thermal difference between the junction of two different 
metals. Thus, as the temperature rises at the closed 
end, the voltage signals at the open or output end 

increases. 

 

 
Figure 3. Thermocouple and Temperature Probe for 

Multimeters 

 

Thermocouples have been known in industry as a cost-
effective means to measure a wide range of 
temperature from -270 °C up to 2500 °C with 
reasonable accuracy. Many types are available in the 
market with varying temperature ranges and Seebeck 
coefficients are shown in Table 1. 

 

 

  

 

Table 1. Thermocouple Types and Main Specifications 

Thermocouple 
Type 

Material Temperature 
Range 

Seebeck 
Coefficient 

(µV/ °C) 

J Iron + and 
Constantan – 

–40ºC to 
760ºC 

52 

K Chromel  + 
and Alumel – 

-200ºC to 
+1200ºC 

41 

T Copper + and 
Constantan – 

–270ºC to 
400ºC 

41 

B Platinum 30% 
Rhodium + 
and Platinum 
6% Rhodium 
– 

20ºC to 
1820ºC 

3 

E Chromel + 
and 
Constantan – 

–270ºC to 
910ºC 

61 

N Nicrosil + and 
Nisil – 

–270ºC to 
1300ºC 

27 

S Platinum 13% 
Rhodium + 
and Platinum 
– 

–50ºC to 
1760ºC 

6 

 

Based on Table 1, one of the main advantages of using 
a thermocouple is its wide measurable temperature 
range. Type T, E, and N thermocouples can measure 
near absolute 0 (-273.15 °C) up to almost 2000 °C. 
Providing some foresight in which thermocouple type 
to use for a specific application, right after selecting the 
appropriate type given the temperature range to 
measure, a circuit designer should next consider the 
Seebeck coefficient. Measuring a -40 to 85 °C as an 
example, a designer may consider using either a T-
type thermocouple that will provide a voltage output 
range of -1.64 to 3.49 mV or using a S-type 
thermocouple with an output of -240 to 510 µV. The 
difference in the output voltages measured in the same 
temperature range by different types of thermocouples 
should be considered in next stages of the signal chain.  

Since the output of a thermocouple is voltage, they do 
not need external excitation (self-powered). However, 
the signal generated is typically small which range from 
several microvolts to tens of millivolts thus its output 
voltage also needs to be amplified with low noise and 
drift amplifiers. Circuits using this temperature sensor 
also needs a cold junction as its reference to improve 
its linearity. The Seebeck coefficient provides us the 
rate of change in voltage with respect to change in 



Temperature Sensors - Basic 
 

 

 

©2020 Analog Devices, Inc. All rights reserved.  3 

  

 

 

 

temperature between the 2 thermocouple terminals 
(differential voltage); therefore, the designer must 
know the temperature in a reference junction (cold) to 
know the absolute temperature in the measurement 
junction (hot). This reference junction temperature is 
typically measured by a different temperature sensor 
like a resistance-temperature detector (RTD), 
thermistor, or a semiconductor temperature sensor.  
 

Resistance Temperature Detectors 

Resistance Temperature Detectors (RTD) uses 
resistance to measure temperature. They are made up 
of pure metal wire wound around a ceramic or glass 
core. The usage of pure metal gives the RTD an 
accurate resistance/temperature profile. The 
construction and parts of the RTDs are less rugged 
(coil and breakable core) compared to thermistors but 
since it is housed in a protective probe, they can 
respond to a higher temperature range. It is also the 
most stable and accurate for a given temperature 
range (-200 ºC to 850 ºC). Temperature sensing 
circuits using RTDs are also simple to implement but it 
also requires external excitation. Self-heating will also 
affect the accuracy of RTDs. 

                   

 
Figure 4. RTDs 

 

This temperature sensor is named according to the 

core material and the resistance at 0 ºC. The 

commonly used RTDs are Pt100 and Pt1000, which 

are available in 2-wire, 3-wire, and 4-wire 

configurations. The Pt100 is made from Platinum, 

having a 100 Ω value at 0°C. It typically has a 

temperature coefficient of ~0.385 Ω/°C while a Pt1000 

has a temperature coefficient that is a factor of 10 

greater than the Pt100, which means that the 

resistance of a Pt1000 RTD  (1k Ω at 0°C) is also 

higher by a factor of ten compared to the resistance of 

Pt100 RTD. Other RTD types are made from copper 

and nickel. 

 

Table 2. RTD Types 

RTD Type Material 
Temperature 

Range 

Pt100, Pt1000 Platinum –200 to 850 ºC 

Pt200, Pt500 Platinum –200 to 850 ºC 

Cu10, Cu100 Copper -100 to 260 ºC 

Ni 120 Nickel -80 to 260 ºC 

 

The sensor is mostly described by its element material, 
reference resistance, number of lead wires per sensor, 
and temperature coefficient. The resistance-
temperature profile of an RTD is described by the 
Callendar-Van Dusen Equation which is represented 
by the temperature coefficient and RTD Class for 
simplification. More on RTD specifications in the next 
module. 

 

Thermistors 

Thermistors are resistors whose resistances are more 
temperature-dependent compared to other resistors. 
Thermistors are further classified into two: Positive 
Temperature Coefficient (PTC) Thermistors and 
Negative Temperature Coefficient (NTC) Thermistors. 
The resistance of PTC thermistor increases as the 
temperature increases; while the resistance of NTC 
thermistor decreases as the temperature increases. 

 

 
Figure 5. PTC and NTC Thermistors 

 

 

Advantages of using temperature sensing circuits 
employing a thermistor are its simple 2-wire 
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implementation, fast response time, and smaller size. 
The thermistor itself has issues regarding its non-
linearity, limited temperature range (-80 ºC to 150 ºC; 
up to 250 ºC for glass enclosure), limited ruggedness, 
and inaccuracies due to self-heating. The thermistor 
itself also needs external excitation since it is a passive 
component (resistor). Common thermistor types are 
shown in the table below.  

 

Table 3. Common Thermistor Types 

Thermistor 
Type 

Material 
Temperature 

Range 

10k NTC –80 to 150 ºC 

47k NTC –80 to 150 ºC 

2.2k, 3k, 5k, 
20k, 30k, 100k 

NTC –80 to 150 ºC 

 

The thermistor type corresponds to its resistance at 25 
ºC. For example, a 10-kΩ thermistor has a resistance 
of 10 kΩ at 25°C. At 100°C, the NTC thermistor 
resistance is 973 Ω. If at 25 ºC this thermistor has a 2.5 
Volts across its terminal, then at 100 ºC it will have 
243.25 millivolts across. Based on this example, 
thermistors offer higher sensitivity since the resistance 
changes at a higher rate per temperature range.  A 
more accurate resistance-temperature profile of a 
thermistor is acquired using the B-constant or the 
Steinhart-Hart Equation. More on the next module.  

 

IC Temperature Sensors 

IC Temperature Sensor utilizes the physical properties 
of semiconductors on the die as sensing elements. 
One example is to utilize the changes in the forward 
voltage of a diode as it is subjected in changes in 
temperature. Additionally, inside the ICs are various 
signal conditioning subcircuits to make its output 

readily usable.  

 

             
Figure 6. IC Temperature Sensors 

Being easy to use is the main advantage of using these 

IC temperature sensors. They are already fully 

calibrated, linear, and stable. These devices already 

address or solve design challenges and errors using 

thermocouples, RTDs, and thermistors that arise from 

signal conditioning, wiring, and digitalization resulting 

to highest accuracy in measuring temperatures 

compared to other sensors. 

 

Figure 7. IC Temperature Sensor – Simplifying a Circuit 

 

Referring to Figure 7, a single IC along with its power 
source can replace a whole circuit built with multiple 
circuit blocks. This solution offers a significantly 
smaller circuit size, complexity, and cost compared to 
using discrete temperature sensor solutions. These IC 
Temperature Sensors provide a broad portfolio 
including analog voltage or current output, digital 
signals, and some which includes ADCs already. Since 
it is a packaged IC, these sensors have limited 

temperature range (-55 ºC to 150 ºC). 

From the previous sections about thermistor and RTDs, 
these resistance-based temperature sensors need 
current to pass through to have a voltage drop across 
them. This voltage drop is then correlated to a 
temperature. In this case, a temperature measurement 
system employing thermistors and RTDs requires an 
accurate current source circuit. The lead wires of the 
sensors can also affect the accuracy of the 
measurement. Additionally, these resistance-based 
temperature sensors have a non-consistent change in 
resistance per change in temperature (linearity). IC 
temperature sensors address these by directly 
outputting a voltage or by controlling the current 
passing through using various internal signal 
conditioning techniques within the IC. An example is 
the Analog Devices TMP35  that outputs a consistent 
10 mV/°K. This buffered output ensures a consistent 
voltage level that is not affected by the next device’s 
input impedance in a signal chain. For applications 
whereas the sensor is physically far from any signal 
conditioning circuit, a temperature sensor that is not 

https://www.analog.com/en/products/tmp35.html
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affected by line impedance can be used. AD590 can 
control and output a consistent 1 µA/°K current and is 
perfect for this specific application. There’s also an ADI 
temperature sensor ADT7422 that can readily 
communicate via I2C. The temperature value it reports 
to a microcontroller or processor can be readily 
processed. These ICs provide complete solutions to 
temperature sensing which simplifies circuit design 
while maintaining accuracy and ease of use.  

 

Pros and Cons of Different Types of Temperature 
Sensors are summarized in Table 1. Temperature 
range, linearity, accuracy, additional circuit 
requirement, and a specific sensors’ highlight are the 
parameters listed. 

 

Table 4. Temperature Sensors Characteristics 

Thermistor RTD Thermocouple IC 

  Range: -0ºC 
to +100ºC  

Range: –200ºC 
to +850ºC 

 Range: -
184ºC to 
+2300ºC 

Range: –55ºC 
to +150ºC 

Poor Linearity  Fair Linearity Fair Linearity High Linearity 

High 
Accuracy 

High Accuracy High Accuracy Fair Accuracy 

Requires 
Excitation and 

Extra 
Components 

Requires 
Excitation and 

Extra 
Components 

Requires 
Extra 

Components 
and Cold 
Junction 

Compensation  

Requires 
Excitation 

High 
Sensitivity 

Low Cost 
Low-Voltage 

Output 

Does not 
need 

calibration 

 

Temperature range is mostly affected by the sensors’ 
material and casing or coating. Using a temperature 
sensor outside its temperature range will damage or 
completely burn the sensor. A thermistor or RTD are 
described by their resistance-temperature profile. For 
thermocouples, it is the Seebeck coefficient (volts per 
temperature). A sensor that has a consistent profile or 
transfer function throughout its temperature range is 
said to be linear. Sensitivity for temperature sensors is 
defined as the amount of change in its electrical 

characteristics per amount of change in temperature.  

 

The next module will include the key parameters, 

architecture, and operation of the temperature sensors. 

Self-Check Questions 

 
1. Why are amplifiers typically required for the 

induced voltage across a thermocouple, 
RTD, or thermistor? 218 

 
 
 

2. To keep its mRNA stable, Covid- 19 
vaccines must be stored at a very low 
freezing temperature of around -40 ºC. It is 
critical to keep track of its temperature in 
order to ensure its effectiveness. What is 
the best temperature sensor for this 

application? mV 

 

 

 
 

3. Consider the AD590 application circuit 
below: 

3. At 25 ºC, AD590 outputs a current of 
298.2 µA. This results to 1.491 Volts across 
the 5kΩ resistor. If the installed 5kΩ resistor 
is replaced with a 4kΩ  resistor, what will be 
the voltage at node AIN3 given the 
temperature is 37 ºC ?

 
 

https://www.analog.com/en/products/ad590.html
https://www.analog.com/en/products/adt7422.html
https://www.analog.com/en/products/ad590.html
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