Temperature Sensors
•Contact Temperature Sensor Types – These types of temperature sensor are required to be in physical contact with
the object being sensed and use conduction to monitor changes in temperature. They can be used to detect solids,
liquids or gases over a wide range of temperatures.
•Non-contact Temperature Sensor Types – These types of temperature sensor use convection and radiation to
monitor changes in temperature. They can be used to detect liquids and gases that emit radiant energy as heat rises
and cold settles to the bottom in convection currents or detect the radiant energy being transmitted from an object
in the form of infra-red radiation (the sun).
The two basic types of contact or even non-contact temperature sensors can also be sub-divided into the following
three groups of sensors, Electro-mechanical, Resistive and Electronic and all three types are discussed below.

The Thermostat
The Thermostat is a contact type electro-mechanical temperature sensor or switch, that basically consists of
two different metals such as nickel, copper, tungsten or aluminium etc, that are bonded together to form a Bimetallic strip. The different linear expansion rates of the two dissimilar metals produces a mechanical bending
movement when the strip is subjected to heat.
The bi-metallic strip can be used itself as an electrical switch or as a mechanical way of operating an electrical
switch in thermostatic controls and are used extensively to control hot water heating elements in boilers,
furnaces, hot water storage tanks as well as in vehicle radiator cooling systems.

The Bi-metallic Thermostat
ON/OFF thermostat

The thermostat I replaced
in my fridge in 2019

If your freezer is building frost:
1, Check if the door sealing gasket is worn out.
2, Check if the defrost heater is broken:

Resistance of the two terminals should be
in the range of 10-100 ohms
If it is way larger that that, the heating
element is broken
3, Check if the thermostat is bulged.

4, Replace the temperature sensor.

The Thermistor
The Thermistor is another type of temperature sensor, whose name is a combination of the words THERM-ally sensitive
res-ISTOR. A thermistor is a special type of resistor which changes its physical resistance when exposed to changes in
temperature. thermistor temperature sensor
Thermistor Thermistors are generally made from ceramic materials such as oxides of nickel, manganese or cobalt coated
in glass which makes them easily damaged. Their main advantage over snap-action types is their speed of response to
any changes in temperature, accuracy and repeatability.

Most types of thermistor’s have a Negative Temperature Coefficient of resistance or (NTC), that is their resistance value
goes DOWN with an increase in the temperature, and of course there are some which have a Positive Temperature
Coefficient, (PTC), in that their resistance value goes UP with an increase in temperature.

Thermister

Temperature Sensors Example No1
The following thermistor has a resistance value of 10KΩ at 25oC and a resistance value of 100Ω at 100oC.
Calculate the voltage drop across the thermistor and hence its output voltage (Vout) for both temperatures
when connected in series with a 1kΩ resistor across a 12v power supply.

The thermistor we have in the Arduino box:

The Steinhart–Hart equation is a model of the
resistance of a semiconductor at different
temperatures. The equation is:

int ThermistorPin = 0;
int Vo;
float R1 = 10000;
float logR2, R2, T;
float c1 = 1.009249522e-03, c2 = 2.378405444e-04, c3 =
2.019202697e-07;
void setup() {
Serial.begin(9600);
}
void loop() {
? Why
Vo = analogRead(ThermistorPin);
R2 = R1 * (1024.0 / (float)Vo - 1.0); // Vo=1024*(R1/(R1+R2))
logR2 = log(R2);
T = (1.0 / (c1 + c2*logR2 + c3*logR2*logR2*logR2));
T = T - 273.15;
T = (T * 9.0)/ 5.0 + 32.0;
}

T is the temperature (in kelvins),
R is the resistance at T (in ohms)
A, B, and C are the Steinhart–Hart coefficients, which vary depending on the type and model of thermistor and the
temperature range of interest. (The most general form of the applied equation contains a (ln R)^3 term, but this is
frequently neglected because it is typically much smaller than the other coefficients, and is therefore not shown
above.)

The Thermocouple
The Thermocouple is by far the most commonly used type of all the temperature sensor types. Thermocouples are
popular due to its simplicity, ease of use and their speed of response to changes in temperature, due mainly to their
small size. Thermocouples also have the widest temperature range of all the temperature sensors from below 200oC to well over 2000oC.
Thermocouples are thermoelectric sensors that basically consists of two junctions of dissimilar metals, such as
copper and constantan that are welded or crimped together. One junction is kept at a constant temperature called
the reference (Cold) junction, while the other the measuring (Hot) junction. When the two junctions are at different
temperatures, a voltage is developed across the junction which is used to measure the temperature sensor as shown
below.

The output voltage from a
thermocouple is very small, only a
few millivolts (mV) for a 10oC
change in temperature difference
and because of this small voltage
output some form of

amplification is
generally required.

Which one is better and why?

Popular Digital Temperature Sensors
1. DHT11/DHT22
Analog or Digital?
Temperature Equation? (If it is digital then not exist)
What’s inside?

The casing is in two parts so to get
inside it is just a matter of getting a
sharp knife and splitting the case apart.
Inside the case, on the sensing side,
there is a humidity sensing component
along with a NTC temperature sensor
(or thermistor)

Humidity sensing component is used, of course to measure humidity, which has two electrodes with
moisture holding substrate (usually a salt or conductive plastic polymer) sandwiched between them. The ions
are released by the substrate as water vapor is absorbed by it, which in turn increases the conductivity
between the electrodes. The change in resistance between the two electrodes is proportional to the relative
humidity. Higher relative humidity decreases the resistance between the electrodes, while lower relative
humidity increases the resistance between the electrodes.

DHT11 and DHT22 Pinout

The DHT11 is a digital component with its own digital
communication protocol.

TMP36GZ
FEATURES
•Low voltage operation (2.7V to 5.5V)
•Calibrated directly in °C
•10mV/°C scale factor (20mV/°C on TMP37)
•±2°C accuracy over temperature (typ)
•±0.5°C linearity (typ)
•Stable with large capacitive loads
•Specified −40°C to +125°C, operation to +150°C
•Less than 50µA quiescent current
•Shutdown current 0.5µA max
•Low self-heating
•Qualified for automotive applications

Analog or Digital?
Manufacturer?
Temperature Equation?

void loop() // run over and over again
{ //getting the voltage reading from the temperature
sensor
int reading = analogRead(sensorPin); // converting
that reading to voltage, for 3.3v arduino use 3.3
float voltage = reading * 5.0;
voltage /= 1024.0; // print out the voltage
Serial.print(voltage);
Serial.println(" volts"); // now print out the
temperature
float temperatureC = (voltage - 0.5) * 100 ;
//converting from 10 mv per degree wit 500 mV offset
//to degrees ((voltage - 500mV) times 100)
Serial.print(temperatureC);
Serial.println(" degrees C"); // now convert to
Fahrenheit
float temperatureF = (temperatureC * 9.0 / 5.0) +
32.0;
Serial.print(temperatureF);
Serial.println(" degrees F");
delay(1000); //waiting a second
}

DS18B20
Analog or Digital?
Manufacturer?
Temperature Equation?
The DS18B20 digital thermometer provides 9-bit to 12-bit Celsius temperature measurements and has an alarm function
with nonvolatile user-programmable upper and lower trigger points. The DS18B20 communicates over a 1-Wire bus that by
definition requires only one data line (and ground) for communication with a central microprocessor. In addition, the
DS18B20 can derive power directly from the data line (“parasite power”), eliminating the need for an external power
supply. Each DS18B20 has a unique 64-bit serial code, which allows multiple DS18B20s to function on the same 1-Wire bus.
Thus, it is simple to use one microprocessor to control many DS18B20s distributed over a large area. Applications that can
benefit from this feature include HVAC environmental controls, temperature monitoring systems inside buildings,
equipment, or machinery, and process monitoring and control systems.
● Unique 1-Wire® Interface Requires Only One Port Pin for Communication ● Reduce Component Count with Integrated
Temperature Sensor and EEPROM • Measures Temperatures from -55°C to +125°C (-67°F to +257°F) • ±0.5°C Accuracy
from -10°C to +85°C • Programmable Resolution from 9 Bits to 12 Bits • No External Components Required ● Parasitic
Power Mode Requires Only 2 Pins for Operation (DQ and GND) ● Simplifies Distributed Temperature-Sensing
Applications with Multidrop Capability • Each Device Has a Unique 64-Bit Serial Code Stored in On-Board ROM ● Flexible
User-Definable Nonvolatile (NV) Alarm Settings with Alarm Search Command Identifies Devices with Temperatures
Outside Programmed Limits ● Available in 8-Pin SO (150 mils), 8-Pin µSOP, and 3-Pin TO-92 Packages

Waterproof Version:

Cable not long enough?

Make customized
Ethernet cable on
your own to extend
the digital wire.

BMP180
Analog or Digital?
Manufacturer?
Temperature Equation? If it is digital, the equation doesn’t exist)
This precision sensor from Bosch is the best low-cost sensing solution for measuring barometric pressure and
temperature. Because pressure changes with altitude you can also use it as an altimeter!
The sensor is soldered onto a PCB with a 3.3V regulator, I2C level shifter and pull-up resistors on the I2C pins. The
BMP180 is the next-generation of sensors from Bosch, and replaces the BMP085.

The XCLR pin is not physically present on the BMP180 so if you need to know that data is ready you will need to query
the I2C bus. This board is 5V compliant - a 3.3V regulator and a i2c level shifter circuit is included so you can use this
sensor safely with 5V logic and power. Using the sensor is easy. For example, if you're using an Arduino, simply connect
the VIN pin to the 5V voltage pin, GND to ground, SCL to I2C Clock (Analog 5) and SDA to I2C Data (Analog 4). Then
download our BMP085/BMP180 Arduino library and example code for temperature, pressure and altitude calculation.
Install the library, and load the example sketch. Immediately you'll have precision temperature, pressure and altitude
data.

Non-Contact IR Thermometer
IR light works like visible light—it can be focused, reflected or absorbed. Handheld IR thermometers typically use a lens to
focus light from one object onto a detector, called a thermopile. The thermopile absorbs the IR radiation and turns it into
heat. The more IR energy, the hotter the thermopile gets. This heat is turned into electricity. The electricity is sent to a
detector, which uses it to determine the temperature of whatever the thermometer is pointed at. The more electricity, the
hotter the object. The higher the temperature, the more electricity sent to the detector, the higher the reading.
Accuracy
The accuracy of the handheld IR thermometer is primarily determined by the distance-to-spot ratio (D/S Ratio).
This ratio is the size of the area being evaluated by the IR thermometer as it relates to distance. In other words, the
area being measured becomes larger as the distance increases. The smaller the target, the closer you should be
to it. This ratio will have a significant impact on the accuracy or precision of the reading. If the target you are
measuring is six inches in size, and your handheld infrared thermometer has a D/S ratio of eight to one,
then the maximum distance at which you can reliably measure the temperature of the target is 48 inches
(8:1 x 6 = 48). Beyond this distance, not only is the target being measured, but whatever else falls within the "spot"
is being measured as well. This means that if a very hot object is the target, and it is in cooler surroundings, then
measurements taken beyond the maximum distance will include cooler elements, lowering the "average" of what is
in the "spot."
There are many different handheld IR thermometers for all applications and all levels of speed and accuracy. The
basic and most economical IR thermometer has a measurement range from 0 to approximately 600° F, with an
accuracy of ± 3.5° F

D/S ratios vary greatly, so carefully compare this feature of handheld IR thermometers when
shopping. The two biggest factors to consider when selecting an IR thermometer are the D/S
ratio and temperature range.

The MLX90614 is an infrared thermometer for
non-contact temperature measurements. Both the
IR sensitive thermopile detector chip and the signal
conditioning ASIC are integrated in the same TO39 can. Integrated into the MLX90614 are a low
noise amplifier, 17-bit ADC and powerful DSP unit
thus achieving high accuracy and resolution of the
thermometer.
The thermometer comes factory calibrated with a
digital SMBus output giving full access to the
measured temperature in the complete
temperature range(s) with a resolution of 0.02°C.

Analog or Digital?
Manufacturer?
Temperature Equation? If it is digital, the equation doesn’t exist)

Factory calibrated in wide
temperature range: -40 to 125°C
for sensor temperature and -70 to
380°C for object temperature

